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SHTAC have considered all comments on the assessment report (AR) submitted by 
Consultees and authors of the key papers for the TARGIT-A trial.  The comments 
that we believe require a response have been grouped into key themes which are 
presented as far as possible in a sequence that follows the ordering of the 
assessment report.  We have provided a response for each of these themes.   
 
 
1) Objective and scope of the assessment 
The trial authors questioned the inclusion of data from the whole trial population and 
the post-pathology stratum in the AR and appear to be under a misapprehension that 
the SHTAC economic model includes data from the post-pathology stratum.  As 
stated on AR p34 the timing of INTRABEAM delivery was not specified in the scope 
and therefore, after consulting with NICE, these data were included in the clinical 
effectiveness review.  However, as stated on AR p87 the patient population included 
in the SHTAC economic model reflects the pre-pathology stratum of the TARGIT-A 
trial because the TARGIT-A study recommended INTRABEAM concurrent with 
lumpectomy but did not recommend the use of postoperative INTRABEAM as an 
alternative to EBRT.  The SHTAC approach to economic modelling was consistent 
with the manufacturer’s economic model. 
 
2) Methods - perspective of analysis 
The NICE Guide to the methods of technology appraisal 20131 sets out the methods 
that SHTAC have adhered to in conducting this assessment.  The methods guide 
stipulates that the perspective for costs should be that of the NHS and PSS.  It was 
therefore beyond our remit to include expenses incurred by patients attending for a 
course of EBRT within the analysis.  These expenses could include travel, parking, 
loss of earning and potentially accommodation and other costs.  These issues are 
discussed in section 6 “Assessment of factors relevant to the NHS and other parties”. 
 
3) Error identified in the systematic review of clinical effectiveness 
The trial authors have clarified that the p-value cut off for the non-inferiority statistic 
was set at the conventional 0.05 level, and not at the 0.01 level as stated by SHTAC 
on p44.  SHTAC will correct the text on this page to show that non-inferiority was 
established for the whole trial earliest cohort with a median follow-up of 5 years. 
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4) Clinical endpoints and model outputs 
The clinical endpoints from the TARGIT-A trial are presented in AR Chapter 4 (p31-
55).  The SHTAC independent economic model is not replicating the TARGIT-A trial.  
The model aims to estimate the costs, benefits (in terms of QALYs) and cost-
effectiveness of INTRABEAM compared to EBRT for early operable breast cancer in 
the context of the UK NHS.  Therefore it is not inconsistent that the clinical endpoints 
from the TARGIT-A trial presented in Chapter 4 demonstrate that INTRABEAM is 
non-inferior to EBRT but the base case results from the SHTAC economic model are 
that INTRABEAM is cheaper but less effective than EBRT in terms of QALYs (Tables 
34 and 35, p108).  Furthermore SHTAC acknowledge that the base case result is 
subject to a degree of uncertainty - for four model parameters the difference in the 
upper and lower values causes a switch in which treatment option is considered 
cost-effective at a willingness to pay of £20,000 per QALY. 
 
5) SHTAC independent model: Extrapolation of trial data on local recurrence 
The NICE reference case set out in the Guide to the methods of technology 
appraisal 20131 states that the time horizon should be sufficiently long to reflect all 
important differences in costs or outcomes.  For technologies such as EBRT and 
INTRABEAM which have impacts over a patient's lifetime and may lead to 
differences in survival, a lifetime time horizon is appropriate.  Therefore in the health 
economic model an assumption has to be made about local recurrence beyond the 
follow-up period reported for the TARGIT-A trial.  For early breast cancer patients, in 
patients randomised to the pre-pathology stratum (which informs the economic 
model), there were few local recurrences in the conserved breast in both the 
INTRABEAM and EBRT groups (INTRABEAM 10/1107; EBRT 6/1127) during the 
follow-up period (median follow-up 2 years 4 months).  The low event rate and 2 year 
4 month median follow-up period leads to uncertainty about what the local 
recurrence data will look like in the future.  The trialists’ view is that the peak hazard 
of recurrence is 2-3 years after surgery and radiotherapy protects against 
recurrences only during the first 5 years of follow-up.  In contrast, other studies2;3 
and clinical advice to SHTAC is that the risk of local recurrence continues throughout 
life and is relatively linear over time.  SHTAC have extrapolated the local recurrence 
data from the TARGIT-A trial data such that local recurrences continue to occur 
throughout the time horizon of the model.  To extrapolate local recurrence beyond 
the reported trial data the lognormal curve was adopted which is described by three 
parameters: the constant, sigma and the beta coefficient.  The constant (which 
essentially gives the overall mean survival associated with the comparator treatment) 
and sigma (which gives the variation in mean survival on a log scale) together 
influence the shape of the curve and its associated mean survival.  The beta 
coefficient (the treatment effect of INTRABEAM) is then added to this curve to obtain 
the survival curve for the intervention. The lognormal curve parameters in the base 
case are presented in AR Table 23.  Ideally these parameters should be varied 
together because they are correlated, however for simplification SHTAC did not do 
this for deterministic sensitivity analyses but it was done in probabilistic sensitivity 
analyses.   Deterministic sensitivity analysis identified time to local recurrence 
associated with INTRABEAM as one of the top four most influential parameters in 
the model and one that caused a switch in which treatment is considered cost-
effective at a willingness to pay threshold of £20,000.  At low values of the beta 
coefficient for the INTRABEAM arm EBRT is cost-effective compared to 
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INTRABEAM, but at the highest values considered INTRABEAM becomes slightly 
more cost-effective than EBRT. 
 
6) SHTAC independent model: modelling the general underlying risk of mortality 
The population included in the economic model may either die from breast cancer or 
from another cause (non-breast cancer) as shown in AR Figure 5 (p88).  As 
described in the AR p94-96 the general underlying risk of mortality (non-breast 
cancer death) was modelled using 2010-2012 ONS female interim life table data for 
England.  As described on AR p96 SHTAC has compared the annual probabilities of 
death on the EBRT arm with annual all-cause mortality probabilities obtained from 
ONS data and found that they are similar.  A chart for comparison of these data was 
not presented in the report but is provided below (Figure A).  SHTAC does not 
therefore consider that there is an excess of deaths on the EBRT arm, but rather a 
shortfall of deaths on the INTRABEAM arm.  Furthermore survival was a secondary 
outcome for the trial and the non-breast cancer death rates observed in the TARGIT-
A trial are based on a small number of events (INTRABEAM n=12, and EBRT n=27 
non-breast cancer deaths).  SHTAC is aware that there is a currently an ongoing 
debate amongst the clinical community about the possible reasons for the difference 
in non-breast cancer deaths between the EBRT and INTRABEAM study arms4-6 with 
age mentioned secondarily as only one of what may be many potential factors.  
Overall SHTAC considers that the ONS data are more robust than the TARGIT-A 
trial data for this parameter and hence used these data to model the underlying risk 
of mortality.  Nevertheless SHTAC have conducted a scenario analysis using the trial 
observed mortality data where INTRABEAM dominates EBRT (AR p117-118). 
 


 
 
Figure A:  Comparison of the annual probabilities of death observed in the trial 
arms with annual all-cause mortality probabilities obtained from ONS data 
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7) SHTAC independent model: Proportions of patients receiving mastectomy at 
local recurrence and proportion of patients having reconstruction after 
mastectomy 


Clinical advice to the SHTAC assessment group was that the most common and 
evidence-based approach in the UK is to offer mastectomy at local recurrence and 
that approximately 70-80% of UK patients opt for mastectomy.  At local recurrence 
the SHTAC base case model assumes that 80% of INTRABEAM patients have 
mastectomy (AR p98).  The trial authors state that 50% of INTRABEAM patients had 
mastectomy at recurrence (information that was not available to the assessment 
group from the published papers or the manufacturer’s submission) and state that 
this is the value that should be used, although SHTAC note that this would likely 
reflect international practice (rather than UK practice) given that the TARGIT-A trial 
was an international trial.  SHTAC have examined alterations to the proportion 
having mastectomy in deterministic sensitivity analysis taking 2.5th and 97.5th 
percentiles of the assumed distribution (p109).  Varying this parameter had very little 
impact on the outcome (an excerpt from AR Appendix 11 is reproduced in Table 1 
below). 
 
The proportion of patients who opt for reconstruction when receiving a mastectomy 
was based on figures from the National Mastectomy and Breast Reconstruction 
Audit (AR p99) which showed that in 2011 only around 31% of those undergoing 
mastectomy choose to have a reconstruction.  Varying this parameter also had very 
little impact on the outcome (excerpts from AR Appendix 11 are reproduced in Table 
1). 
 
Table 1: Deterministic sensitivity analysis for proportion of patients receiving 
mastectomy at local recurrence and proportion of patients having 
reconstruction after mastectomy 


Variable description 
Low 


value 


High 


value 


Low value 


incremental 


NMB (£) 


High value 


incremental 


NMB (£) 


Range 


(£) 


Proportion of INTRABEAM patients 


having mastectomy at local recurrence 
0.618 0.933 -1,611 -1,625 14 


Proportion having reconstruction after 


mastectomy 
0.304 0.318 -1,620 -1,620 0 


(Excerpts reproduced from AR Appendix 11.  Complete set of results from deterministic sensitivity 
analysis, IORT vs EBRT.  WTP set to £20,000 per QALY.) 
 
8) SHTAC independent model: estimates of staff resources required 
Comments received from the Society and College of Radiographers indicate that the 
staffing grades for non surgical staff seem appropriate but it was considered that 
SHTAC should have included costs for a therapeutic radiographer who should be 
involved in the pathway of care and delivery of treatment.  This would increase costs 
for INTRABEAM but SHTAC believe the impact on the ICER would be minimal.   
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The manufacturer comments that the time requirement is not as high as SHTAC 
have estimated.  In this case costs for INTRABEAM would decrease but again 
SHTAC believe that the impact on the ICER would be minimal. 
 
A comment by the trialists indicates a misunderstanding on their part regarding staff 
in theatre during delivery of the INTRABEAM dose.  Table 28 of the AR (p101) 
indicates one surgical consultant only and this is the anaesthetist.  No surgeon time 
is included during INTRABEAM delivery. 
 
9) SHTAC independent model: estimates of EBRT cost 
Comments received from the consultees suggested that costs for replacement and 
additional linear accelerators should have been included in EBRT costs.  As 
described in the AR p102 costs for planning and delivery of EBRT were obtained as 
weighted averages from NHS Reference Costs 2012-1013.  The NHS reference 
costs capture all the running costs of providing the service.  Each cost therefore 
includes direct costs, indirect costs and overhead costs.7 
 
The effect of uncertainty in estimates contributing to the overall cost of EBRT was 
explored in deterministic sensitivity analysis (excerpts from AR Appendix 11 are 
reproduced in Table 2). 
 
Table 2: Deterministic sensitivity analysis for costs contributing to the cost of 
EBRT 


Variable description 
Low 


value 


High 


value 


Low value 


incremental 


NMB (£) 


High value 


incremental 


NMB (£) 


Range 


(£) 


Number of EBRT deliveries required 


to complete a course of treatment 
5 23 -2,604 -832 1,772 


Cost of delivering one fraction 


EBRT 
71 178 -2,211 -877 1,334 


EBRT planning cost 90 704 -1,813 -1,303 510 


(Excerpts reproduced from AR Appendix 11.  Complete set of results from deterministic sensitivity 
analysis, IORT vs EBRT.  WTP set to £20,000 per QALY.) 
 
Newer radiotherapy techniques such as intensity modulated radiotherapy (IMRT) 
were not included in the NICE scope for this MTA.  SHTAC acknowledge that some 
newer techniques may involve increased cost but on the other hand there are shorter 
courses of EBRT being investigated by the Fast-Forward trial which would be 
associated with lower costs. 
 
10) SHTAC independent model: demand for INTRABEAM 
The estimated proportion of incident breast cancer cases which are early breast 
cancer and suitable for INTRABEAM was based on both expert opinion (two 
estimates one of 10-20%, one of 50%) and a published study by Leonardi and 
colleagues.8  AR Table 32 suggests in error that Leonardi and colleagues was the 
only source of information and this will be corrected.  In addition to the base case 
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assumption of 16%, the range of suggested values (10% to 50%) was examined in 
deterministic sensitivity analysis (Table 3 below).  Although this parameter was more 
influential than some others examined, INTRABEAM was not cost-effective at either 
value and therefore SHTAC do not believe that this parameter contributes to 
decision uncertainty. 
 
Table 3: Deterministic sensitivity analysis proportion of cases suitable for 
INTRABEAM 


Variable description 
Low 


value 


High 


value 


Low value 


incremental 


NMB (£) 


High value 


incremental 


NMB (£) 


Range 


(£) 


Proportion of incident cases which 


are early BC and suitable for INTRABEAM 
0.1 0.5 -2,064 -1,128 936 


(Excerpt reproduced from AR Appendix 11.  Complete set of results from deterministic sensitivity 
analysis, IORT vs EBRT.  WTP set to £20,000 per QALY.) 
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Multiple Technology Appraisal (MTA) 


INTRABEAM Photon Radiosurgery System for the adjuvant treatment of early 
breast cancer  


 


1 List of Abbreviations 


APBI Accelerated partial breast irradiation 


ASCO American Society of Clinical Oncology 


BCCT.core Breast Cancer Conservative Treatment.cosmetic results (Software program) 


BCS Breast conserving surgery 


CI  Confidence interval 


CT Computed Tomography 


DCIS Ductal Carcinoma in Situ 


DIMDI Deutsches Institut für medizinische Dokumentation und Information 


DVH Dose Volume Histogram 


EBRT  External Breast Radiation Therapy 


EG Excellent and good 


EORCT European Organisation for Research and Treatment of Cancer 


ER/PR Estrogen receptor / progesterone receptor 


FP Fair and poor 


Gy Gray 


Her2/neu Human epidermal growth factor receptor 2, erb-B2, c-erbB2 


IQR Interquartile range 


IORT Intraoperative radiation therapy 


kV Kilo Volt 


LENT-SOMA Late Effects in Normal Tissues-subjective, objective, management, and analytic 


LR Local Recurrence 


NR Not reported 


OAR Organ at risk 


PBI Partial Breast Irradiation 


PPBCT Persistent pain after breast cancer treatment 


RTOG  Radiation therapy oncology group 


QLQ Quality of life questionnaire 


RCT Randomized Clinical Trial 


SD Standard Deviation 


TARGIT TARGeted Intraoperative radiotherapy 


TLD Thermoluminiscent dosimeter 


US United States of America 


WBRT Whole breast radiation therapy 
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3 Executive Summary 


3.1 Brand name 


INTRABEAM ® Radiotherapy System 


3.2 Intended use / Indication for use 


The INTRABEAM system is a radiotherapy system.  


3.3 Recommended course of treatment 


There is no recommended course of treatment indicated by the manufacturer.  


3.4 Key clinical evidence 


Clinical evidences presented are based on publications on the outcome of clinical trials. One 
major clinical trial, the TARGIT-A trial, is a prospective, randomized study. At the time of this 
evaluation, results from 5-year follow up were published. Numerous other publications are 
presented. It must be kept in mind that some of these other publications sum up  results 
obtained either by assessment of sub-groups of the TARGIT-A trial or by assessment of 
results obtained from patients that were not included in the TARGIT-A trial. These 
assessments are  based on  non-randomized patients. Nevertheless, the results are included 
and presented as we believe that the non-randomized data substantiate the main results or 
give evidence for conclusions not investigated by the TARGIT-A trial. Besides, poster 
abstracts are also included, although not representing scientific literature, they were included 
as they were also considered as helping to draw the picture.  


3.5  Presentation of main results 


IORT using the INTRABEAM Radiotherapy System is described in the context of two 
different treatment protocols 


1) IORT given as the single method or treatment, preferably at the time of lumpectomy 
  


2) IORT given as a boost during surgery followed by EBRT 


3.5.1 IORT as the single method of treatment  


Results showing the clinical effectiveness of IORT given as a single method of treatment 
were obtained through the so called “TARGIT-A trial”, a prospective randomized clinical trial 
conducted with nearly 3500 patients in 33 centres in 11 different countries. [1] In principle, 
patients were treated either with IORT as single method of treatment (TARGIT) or with 
conventional EBRT. Results obtained after 5-year follow-up gave evidence that TARGIT is 
not inferior to conventional EBRT. Although the local recurrences were slightly higher in the 
TARGIT group when compared with EBRT, significantly less non-cancer related deaths were 
observed in the TARGIT group. This outcome can be explained by fewer deaths from 
cardiovascular causes and other cancers. The overall mortality for the TARGIT group was 
less than for the EBRT group. The outcome for 2298 patients in the pre-pathology strata  
(when TARGIT is given concurrently with lumpectomy) was much the same as EBRT. There 
is an increase of 1% in local recurrence along with a potential decrease of overall mortality of 
2-3% at five years. It could be shown that the dose given at the time of surgery is essential., 
The outcome for the 1153 patients  in whom IORT was given only after the final pathology 
results were available, i.e. about one month after lumpectomy, showed much less favourable 
results than in the patients who received IORT during lumpectomy. Consequently, the 
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authors clearly support TARGIT immediately during surgery. Thus our economic model is 
based on the results of the pre-pathology stratum with 2298 patients. 


Other clinical trials, although not randomized, underline the results presented above and 
show that IORT given as a single method of treatment leads to favourable results [Deneve 
et. al (2011) [2], USA, n=42 treatments, no local recurrence after 3 months follow-up; 
Grobmyer et al. (2013), [3], USA, n=80 breasts treated in n=78 patients, no local recurrence 
with a follow-up of 23 months] 


Considerations were made with regard to toxicities and cosmetic outcome after TARGIT. As 
an outcome of the already mentioned TARGIT-A trial [1] no increased toxicity with TARGIT 
were observed and radiotherapy-related local toxic side-effects were slightly reduced when 
compared with EBRT. Other studies also give evidence that the treatment protocol of 
TARGIT is well tolerated: 


Elliott et al (2012) 


(USA) [4] 


n=67 breasts treated post-operative cosmesis acceptable 


Deneve et al.(2012) 


(USA) [2] 
n=42 breasts treated related toxicity acceptable 


Grobmyer et al. (2013) 


(USA) [3] 


n=80 breast in n=78 
women treated 


majority of patients had good to excellent cosmesis, 
procedure was well tolerated and toxicities appeared 
to be low; 


Tuschy et al. (2013) 


(Germany) [5] 


patients treated in the 
TARGIT trial, n=147 
women treated with IORT 
as a boost and n=61 
patients treated with 
IORT as a single method 
of treatment 


no severe postoperative complications, observed 
acute toxicity after IORT was low, no differences with 
regard to short term complications between the two 
groups were observed; 


Merdad et al. (2013) 


(Saudi Arabia) [6] 


n=45 patients treated 
(IORT alone or IOER 
followed by EBRT) 


none of the patients developed clinically significant 
complications, cosmetic outcome was at least 
acceptable in all patients; 


Keshtgar et al. (2013) [7] subgroup of patients 
included in TARGIT trial 


superior cosmetic outcome for TARGIT patients when 
compared with patients treated with EBRT, differences 
between IORT and EBRT patients more significant at 
the beginning of the follow-up 


Kolberg et al.  


(Germany) [8] 


n=200 patients treated satisfaction with cosmetic outcome 92% (patients) and 
95% (physicians); 


Jankiewicz et al. 


(Poland) [9] 


Treatment with IORT 
alone (n=19) or IORT 
followed by EBRT (n=61) 


No serious complications prolonging hospitalization; 5-
year overall and disease free survival 100% in IORT 
group and 95,1% and 96,7%, respectively, in the IORT 
plus EBRT group, excellent and good aesthetic 
outcome in 90% of the patients 


Steiner et al. (2013) 


(Israel) [10] 


n=400 patients treated Mild to moderate local complications in 14,5% 
Major complications in 6,2% 
Ipsilateral breast failures in 1,7% 
Systemic disease in 1% 


 


The data presented above give evidence that IORT as a single method of treatment  is non-
inferior to EBRT (TARGIT-A trial) with a trend to a better overall survival and significant fewer 
non-breast cancer death. Moreover, it can be seen hat beside the TARGIT-A trial, several 
other patients in different centres all over the world have been successfully treated. The 
results show that in general, recurrences rates are low and the cosmetic outcome is at least 
satisfying, if not even good to excellent. 


  







C:\Users\zobfra\Desktop\NICE Report 2014 6.01.14 Final.docx 5/68 


3.5.2 IORT given as a boost followed by EBRT 


Besides of TARGIT as the sole method of treatment, the INTRABEAM Radiotherapy System 
can also be used in treatment protocols in which IORT is given intraoperative as a tumour 
bed boost followed by EBRT. Results published in literature demonstrate that this treatment 
protocol leads to good results. In higher risk patients overall survival rates of 87% and local 
(in-breast) relapse-free survival rates of 98,5% are reported [11] together with very low rates 
of local failure and toxicity. Another study also reports on very few severe surgical 
complications (10%) and breast wound infections (15%) and no case of recurrence or death 
after a follow-up of 21 months (range, 3-36months). [12] Other authors even point out that 
results obtained for 5-year recurrence rates in the EORTC study which can be considered as 
benchmark are inferior to results obtained with IORT boost treatment followed by EBRT. [13] 
The results are supported by the outcome of a matched pair analysis conducted in n=53 
pairs of patients which showed a strong tendency towards better survival rates for IORT 
boost treatments followed by EBRT than for EBRT with external boost (90,2% versus 
62,3%). [14] Moreover, a tendency of a significant reduction of non-breast cancer mortality in 
patients receiving TARGIT followed by EBRT when compared with patients receiving EBRT 
alone (0 out of 218 patients treated with IORT boost followed by EBRT versus 24 out of 892 
patients treated with EBRT alone) was presented as a poster abstract. [15] As a further 
perspective, the successful application of an IORT boost followed by EBRT in conjunction 
with oncoplastic breast conserving surgery [16] , underlining the usefulness of IORT boost 
treatment.  


3.6 Economic evaluation 


The attached economic evaluation shows that INTRABEAM® used as a single dose radiation 
treatment instead of 3-6 weeks EBRT is very cost effective. The model was based on costs 
per treatment and utility rates. Travel costs to the radiotherapy center for the 3-6 weeks 
EBRT as it is standard practice in the UK were not considered. In the Base Case Analysis 
INTRABEAM® yielded higher QALYs at a lower cost than the standard treatment of breast 
cancer using EBRT. Discounted EBRT and IORT costs for the time horizon of 20 years were 
£ 20, 926 and £ 14, 461 respectively. Discounted incremental QALY gained by use of IORT 
was 0.0069 QALY. Model results were robust to parameter uncertainty and probabilistic 
results were similar to the deterministic results. Probabilistic results are based on mean of 
1000 simulations . Application of the net monetary benefits (NMB) framework  show higher 
NMB for INTRABEAM® in all Monte Carlo simulations. Cost effectiveness acceptability 
curves show that INTRABEAM® is cost effective at various thresholds of willingness to pay 
(WTP). INTRABEAM® is therefore a cost effective strategy to treat early breast cancer 
patients in the UK. The model was calculated very conservative based on costs per 
treatment with standard EBRT not considering tariffs for more expensive newer EBRT (IMRT) 
techniques. Also the travel expenses to the radiation center and the possibilities of the IORT 
boost treatment with the same equipment were not included. Including those variables into 
the model would make the treatment with INTRABEAM®  even more cost effective. 
Implementation of this treatment could save valuable NHS resources in comparison to the 
current practice of EBRT in these patients. 
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Section A: Decision problem 


A.1. Description of technology under assessment 


The core piece of the INTRABEAM system is the XRS miniature x-ray source equipped with 
an x-ray probe 10cm in length and 3.2cm in diameter. This x-ray probe delivers a high dose 
of low energy radiation to the tumour bed. 


In addition, electrons along the x-ray probe are accelerated using a maximum acceleration 
voltage of 50kV. At the tip of the e-x-ray probe, they encounter a target object, and this 
process creates the x-ray beam. The effective emitted x-ray energy in approx. 20keV or less. 
The dose quickly drops in soft tissue because of the low energy of the x-ray (~1/r3).This way 
the treated lesion can shield the healthy tissue against injuries. The Technical Specification 
brochure was sent via mail to NICE. 


A.2.  Context 


The use of INTRABEAM is related to many treatment options in radiation therapy (e. g. brain, 
spine, abdomen, skin). Nevertheless till now, it is used most often in the treatment protocol of 
breast cancer. Most publications describing the use of INTRABEAM either in case reports or 
clinical trials are related to the treatment of breast cancer. 


In principle there are two different ways of treatment intended to be performed using 
INTRABEAM 


a) IORT given with INTRABEAM as the sole treatment 


The methodology of IORT as the sole treatment is in contrast with EBRT. The IORT 
with INTRABEAM is given as one single fraction with a high dose directly to the tumour 
bed and possibly remaining tumour cells. In case of EBRT, the whole breast is 
irradiated administering the prescribed dose in small fractions over a period of several 
weeks, starting some weeks after lumpectomy. The EBRT treatment is finished with a 
boost given in small fractions (but higher doses than during WBRT) focused on the 
region of the tumour bed. In case IORT is given as the sole treatment, no EBRT is 
given avoiding 5-7 weeks of treatment (in the UK 3-6 weeks).  


b) IORT given with INTRABEAM as a boost treatment followed by EBRT 


In case IORT is given as a boost treatment the intraoperative boost radiotherapy is 
given with INTRABEAM and the treatment is followed by EBRT (normally 25-30 
fractions are administered some weeks after lumpectomy). No further external boost 
(normally about 5-10 fractions) is given in that treatment protocol, avoiding two further 
weeks of treatment. 


A.3. Equity and equality 


We are not aware of any equity or equality issues. 


A.4. Statement of the decision problem 


To assess the clinical and cost effectiveness of the INTRABEAM ® Radiotherapy System for 
the adjuvant treatment of early breast cancer during surgical removal of the tumour. 


Section B: Clinical and cost effectiveness 


B 1 Clinical Evidence 


B 1.1  Identification of studies 


A systematic literature search following a search protocol (defined search terms) was 
conducted. The search was performed in the following databases. 
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 Pubmed 


 Cochrane  


 DIMDI 


The selection of the above mentioned databases was made based on the conviction that 
these databases reliably cover the most important and relevant journals and publications.  


B 1.2 Study selection 


The following search terms were being used: 


[(breast cancer) OR (breast tumor) OR (breast carcinoma)] AND [(("radiotherapy") OR "radiation therapy")) AND 


("intraoperative")) OR (intraoperative radiotherapy) OR (IORT)] 


The literature search was conducted in September 2013 and repeated for update reasons in 


December 2013. 


B 1.3 Inclusion and exclusion criteria 


Literature related to the subject to be evaluated were included in this evaluation. 


Literature published before the year of 2007 was not respected as it is believed that such 
literature can hardly cover the current state of the art. The technology was used beginning 
with the year 2000 in a few centres. We assumed that substantial follow up experience (for 
more than 5 years) is available after 2007 only. Studies reported in full were included in the 
review; studies that were reported in abstract form were included if a new population from 
new sites were investigated. Studies that reported results for sub-groups of patients with 
additional data or sub-analyses from the primary studies were also included. 


B 1.4 Multiple publications 


Multiple publications with the same study population were included only when the article 
reported additional data to the primary publication. 


B 1.5 Relevant RCT 


Several publication dealing with the application and the outcome of treatment with the 
INTRABEAM system are available. Nevertheless, real randomized controlled studies are rare 
and most publications are either case reports or analysis of subgroups of the randomized 
trial. However, results of non-randomized trials are also presented here as we believe that 
they support our point of view. 
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Section 1: Literature related to IORT given as a single dose 


1.1 Results of randomized trials with regard to recurrence and survival rates 


A randomized trial including nearly 3.500 patients in two arms was conducted and is known 
under the name of “TARGIT-A“. [1] The aim of the study was to evaluate the hypothesis that 
in case of low-risk patients and early cancer IORT as the sole treatment (TARGIT) 
administered with INTRABEAM is not inferior to the treatment option EBRT. The concept and 
the TARGIT technique allows the patient to receive all required radiation intraoperatively (in 
one fraction) and before she wakes up from anesthesia. The surface of the tumor bed is 
irradiated with a dose of typically 20Gy, a dose that attenuates to 5-7Gy in 1cm tissue depth. 


The 5-year follow-up results were published just recently (Nov. 2013). The investigator 
initiated trial was designed using two different arms: 


 Arm A Treatment with IORT alone 


 Arm B Treatment with EBRT (whole breast radiotherapy) 


Patients were randomized to the treatment groups. For patients in both groups, pathology 
was made and the further treatment of patients in Arm A was decided on with respect to the 
outcome of pathology. In case pathology gave hints of risk factors, the patient received 
EBRT in addition to TARGIT. In case no risk factors were found IORT was the only treatment 
the patient received. Further distinction was made per protocol amendment – in some 
centres the method of treatment was changed and instead of radiation included in the initial 
surgery centres, neighbouring centres were allowed to administer IORT as a second 
intervention after evaluation of final pathology (“post-pathology”). The dose of radiation was 
administered during a second surgery by opening of the wound and administration of 
radiation, medium time 37 days after the first surgery along with a completely separate 
randomisation table for such patients. This protocol amendment lead to separate strata, 
equivalent to two trials run in parallel. 


Basis data of the trial 


The trial was conducted in 33 centres in 11 countries in the period between March 2000 and 
June 2012. In total, n=3451 patients were recruited in the period between March 24th 2000 to 
June 25th 2012. N=1721 patients were randomly allocated to TARGIT and n=1730 to EBRT. 
N=2298 patients were randomized before lumpectomy (pre-pathology) and n=1135 were 
randomized after lumpectomy (post-pathology). It is described that among those patients 
receiving TARGIT, n=239 out of 1571 (15,2%) received both IORT and EBRT in the pre-
pathology stratum, and n=20 patients in the post-pathology stratum (3,6%) received both 
IORT and EBRT. The numbers of patients in the respective groups are summarized in 
table  1:  


Total number of patients recruited n=3451 


Number of patients randomized before lumpectomy (“prepathology group”):  n=2298 


Number of patients randomized after lumpectomy (“post pathology group”) n=1153 


Number of patients randomly allocated to TARGIT arm n=1721 


Number of patients randomly allocated to EBRT arm n=1730 


Patient drop-out in TARGIT A arm n=150 


Table 1: Number of patients in the respective trial groups  
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Number of patients in TARGIT A arm, prepathology group n=1012 


Number of patients in TARGIT A arm, postpathology group n=559 


Number of patients in TARGIT A arm that received both IORT and EBRT n=239 


Number of patients in TARGIT A arm, prepathology stratum, with IORT and EBRT n=219 


Number of patients in TARGIT A arm, postpathology stratum, with IORT and EBRT n=20  


Table 1: Number of patients in the respective trial groups (continued) 


The core protocol defined three features when EBRT would be recommended to supplement 
TARGIT within the experimental group:  


a) Tumour free margin smaller than 1mm 


b) Extensive in-situ component 


c) Unexpected invasive lobular carcinoma 


Patient and tumour characteristic are presented in Appendix 1, table 1: 


Inclusion criteria for patients 


Patients aged 45 years or older and suitable for wide local excision for invasive ductal 
carcinoma found unifocal on conventional examination and imaging were considered as 
eligible. 


Method of randomization 


Patients were randomly assigned in a 1:1 ratio to receive either risk-adapted approach using 
single-dose TARGIT or EBRT as per standard schedule over several weeks. In case final 
pathology report showed unpredicted prespecified adverse features, then EBRT to be added 
to TARGIT in which case TARGIT served as the tumour bed boost.  


Initially it was planned that randomization to either TARGIT or EBRT will be done before 
lumpectomy (i.e. pre-pathology). Nevertheless, the protocol was amended in 2004 and 
allowed intraoperative radiotherapy as a second procedure, i.e. by reopening the wound (i.e. 
post-pathology stratum). Results were analysed separately (pre-pathology versus post-
pathology). 


Primary outcome 


Primary outcome measure was the absolute difference in local recurrence in the conserved 
breast (patients receiving BCS), the initial recruitment goal was a total of n=2232 patients.  


Secondary outcome 


The secondary outcome were toxicity and overall survival, including breast cancer deaths as 
well as non- breast cancer deaths.  


Results obtained 


The risk of local recurrence with TARGIT turned out to be non-inferior to EBRT when all 
patients were analysed together. The analysis of the two strata according to timing of 
delivery of TARGIT confirmed that TARGIT was much as the same as EBRT when TARGIT 
was delivered concurrently with lumpectomy (i.e. pre-pathology), but not in the post-
pathology stratum in which TARGIT was given as a second procedure after surgery with 
reopening of the wound). The local recurrence in the pre-pathology was 2.1 % (TARGIT) vs 
1.1 % (EBRT) and the mortality was 4.6 % (TARGIT) vs. 6.9 % (EBRT). 


Figure 1: Kaplan-Meier analysis of local recurrence in the conserved breast and death for the 
pre-pathology strata as per timing of randomisation and delivery of TARGIT. Local 
recurrence was the primary outcome, death was a secondary outcome. Pre-pathology 
(n=2298), randomised before lumpectomy and TARGIT given concurrently with lumpectomy: 







C:\Users\zobfra\Desktop\NICE Report 2014 6.01.14 Final.docx 10/68 


 


Analysing the two strata together, the 5-year risk for local recurrence in the conserved breast 
for was 3,3% (TARGIT) versus 1,3% (EBRT), but breast cancer mortality was the same in 
both groups (2,5% for TARGIT versus 1,9% for EBRT). Significantly fewer cases of non-
cancer deaths in the TARGIT group than in the EBRT group (1,4% in the TARGIT group 
versus 3,5% in the EBRT group) are reported. The overall mortality was 3,9% for the 
TARGIT group versus 5,3% for the EBRT group. Thus, whereas the local recurrence rate is 
slightly higher in the TARGIT group the overall mortality is lower. At 5-year follow-up, the risk 
of local recurrence with TARGIT was non-inferior to EBRT when all patients were analysed 
together. Analysing the two strata according to timing, TARGIT given concurrently with 
lumpectomy as performed in the pre-pathology stratum of the TARGIT group can be seen as 
good as EBRT. Therefore in view of the present results the authors wished to exercise 
caution and only support the use of TARGIT concurrent with lumpectomy. The post-
pathology is not recommended any further.  


As an overall aspect it could be shown that breast cancer mortality has been much the same 
for TARGIT and for EBRT. Significantly less non-breast cancer deaths have occurred in the 
TARGIT group than in the EBRT group (fewer death from cardiovascular causes and other 
cancers). Wound-related complications were much the same between the two groups. 
Significantly fewer grade 3 and 4 radiotherapy-related complications with TARGIT than with 
EBRT were detected. Results are summarized in table 3: 


Event: 5-year cumulative risk (95% CI) 


 TARGIT EBRT Absolute difference
*)
 


All patients  


Local recurrence 


(n=3375) 


23;  3,3% (2,1 to 5,1) 11;  1,3% (0,7 to 2,5) 12 (2,0%) 


Any other recurrence 


(n=3375) 


46;  4,9% (3,5 to 6,9) 37;  4,4 % (3,0 to 6,4%) 9 (0,5%) 


Death  


(n=3451) 


37;  3,9% (2,7 to 5,8) 51;  5,3% (3,9- to 7,3%) -14 (-1,4%) 


Prepathology 


Local recurrence 


(n=2234) 


10;  2,1% (1,1 to 4,2) 6;  1,1% (0,5 to 2,5) 4 (1,0%) 


Any other recurrence 


(n=2234) 


29;  4,8% (3,1 to 7,3) 25;  4,7% (3,0 to 7,4) 4 (0,1%) 


Death 


(n=2298) 


29;  4,6 (1,8 to 6,0) 42;  6,9% (4,3 to 9,6) -13 (-2,3) 
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Postpathology 


Local recurrence 


(n=1141) 


13;  5,4% (3,0 to 9,7) 5;  1,7% (0,6 to 4,9) 8 (3,7%) 


Any other recurrence 


(n=1141) 


17;  5,2% (3,0 to 8,8) 12; 3,7% (1,9 to 7,0) 5 (1,5%) 


Death  


(n=1153) 


8;  2,8% (1,3 to 5,9) 9;  2,3% (1,0 to 5,2) -1 (0,5%) 


*) in Kaplan-Meier point estimates at 5 years (TARGIT minus EBRT) 


Table 2: Events, 5 years cumulative risk (95% CI) 


 


Table 3 gives an overview of causes of death other than breast cancer 


 TARGIT EBRT 


Other cancers 8 16 


Cardiovascular causes   


- Cardiac 2 


 


8 


(including 1 sudden death at home) 


- Stroke 0 2 


- Ischemic bowel 0 1 


Other 7 


 Diabetes:  2 


 Renal failure:  1 


 Liver failure:  1 


 Sepsis :  1 


 Alzheimer Disease :  1 


 Unknown :  1 


8 


Myelopathy:  1 


Perforated bowel:  1 


Pneumonia:  1 


Old age:  1 


Unknown:  4 


Total 17 35 


Table 3: Causes of death other than breast cancer 


The aim of the trial was to complete the treatment in the TARGIT group with only one 
radiation treatment delivered at the time of surgery. In case subsequent pathology suggested 
adverse histological features, the treatment was continued by EBRT, but without a tumour 
bed radiation boost. This scenario did happen in about 15% of the cases. 


Results obtained from pre- and post-pathology group were compared and evaluated, and 
length of follow-up between the pre- and post-pathology was nearly the same. They differed 
by about one month, although randomization in the post-pathology stratum started later, as 
only about 5%of the patients could be recruited within the first few years before the post-
pathology stratum was started. Results of an unplanned post-hoc exploratory non-
randomised comparison of tumour characteristics and primary and secondary outcome as 
per treatment received amongst those who were randomized to TARGIT and received the 
allocated treatment is presented in table 4: 
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 Prepathology  


patients who received 


TARGIT Alone 


N=793 


Prepathology patients 


who received 


TARGIT+EBRT 


N=219 


Postpathology  


patients who received 


TARGIT Alone 


N=539 


T size    


≤1cm 36% (256/703) 24% (47/199) 52% (269/515) 


1-2cm 52% (366/703) 49% (98/199) 43% (223/515) 


>2cm 12% (81/703) 27% (54/199) 5% (23/515) 


Grade    


Grade 1 27% (188/707) 19% (38/200) 59% (285/486) 


Grade 2 54% (380/707) 60,5% (121/200) 38% (182/486 


Grade 3 20% (139/707) 20,5% (41/200) 4% (19/486) 


Lymph node positivity    


Node negative 85% (604/712) 63% (126/201) 95% (492/519) 


1-3 nodes involved 13% (94/712) 29% (59/201) 5% (27/519) 


>3 nodes involved 2% (14/712) 8% 816/201) 0 (0/519) 


    


5-year local recurrence in the 


conserved breast (95% CI) 


2,7 (1,3-5,5) 0,9 (0,1-6,1) 5,9 (3,3-10,5) 


5-year risk of breast cancer  


death (95% CI) 


1,8 (0,7-4,6) 8,0 (3,5-17,5) 0,6 (0,2-2,5) 


5-year risk of deaths from 


other causes (95% CI) 


1,9 0,9-4,0) 0 1,5 (0,6-4,3) 


Table 4:  Unplanned post-hoc exploratory non-randomised comparison of tumour characteristics and 


 primary and secondary outcome as per treatment received amongst those who were 


 randomized to TARGIT and received the allocated treatment. Percentages are of the known 


 values (continued) 


 


The post-pathology group had the same or even less risk factors than the pre-pathology 
group, thus the difference in the results are not related to a variance in the patient population. 
The difference can be explained by the delayed application of radiotherapy. No increased 
toxicity with TARGIT were observed and radiotherapy-related local toxic side-effects were 
slightly reduced. Differences in the non-breast cancer related deaths between the EBRT 
groups in the pre- and post-pathology strata were statistically not significant.  Cause-specific 
deaths were also much the same in the two groups, nevertheless, significantly fewer non-
breast cancer deaths in the TARGIT group are described. Results are summarized in table 5: 
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 TARGIT EBRT 


Wound related complication   


Haematoma / Seroma requiring more than 3 aspirations or surgery 4 2 


Wound infection requiring intraveneous antibiotics or surgery 12 9 


Skin breakdown / Delayed wound healing 3 5 


Total 19 (1,1%) 16 (0,9%) 


 p=0,599 


Radiotherapy related complications   


Radiation therapy oncology group (RTOG) 


Grade 3 or 4 radiotherapy toxicity 


4 (0,2%) 13 (0,8%) 


 p=0,029 


Table 5: Complication 6 months after randomisation 


The results show that when TARGIT is given concurrently with lumpectomy there is an 
increase of 1% in local recurrence along with a potential decrease of overall mortality of 2-
3% at five years. The authors conclude that TARGIT concurrent with lumpectomy within a 
risk-adapted approach should be considered as an option for eligible patients with breast 
cancer carefully selected as per the TARGIT-A trial protocol, as an alternative to 
postoperative external beam breast radiotherapy. 


 


Preliminary results (4-years follow-up) were already published before, but are not presented 
here as the more recent data are available. It is believed that the newer data include the 4-
year follow-up data. [17] 


1.2 Literature related to side effects and cosmetic outcome after IORT as a single 


 treatment 


Initial experiences using the INTRABEAM system and results obtained in a study conducted 
in patients that were enrolled in the period between 2004 and 2008 were published by Elliott 
et al. in 2011. [4]  


Basis data of the study 


The prospective study was conducted in the period between 2004 and 2008. The procedure 
was performed in n=67 postmenopausal patients, and the IORT procedures was done as 
part of the original segmental mastectomy procedure in n=61 patients, while in the other six 
patients it was done after excision of the primary tumour with re-exploration of the segmental 
mastectomy site. Due to the final histopathology report, n=4 patients later had total 
mastectomy and n=11 patients went on to have total breast external beam radiation. Patients’ 
data and tumour characteristics are presented in Appendix 1, table 2. 


Inclusion criteria 


Patients with invasive ductal carcinoma <3,5cm in diameter in breast were included. 
Surgeons confirmed that there were at least 1cm from the surgical margin to the skin and 
wall chest. 


Method of randomization 


No randomization was executed, patients did not agree to be randomized in study groups 
and wanted to avoid WRT.  
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Method of treatment 


The prescribed dose was 5Gy at 10mm from the surface of the applicator (dose as in the 
TARGIT-A trial). IORT as part of the original segmental mastectomy procedure in n=61 
patients, and in n=6 patients it was done after excision of the primary tumour with re-
exploration of the segmental mastectomy site. Due to results of the final pathology status 
(positive surgical margins, tumour biology, and nodal status) n=4 patients later had total 
mastectomy, and n=11 patients went on to have WBRT. 


Follow-up 


Cosmetic outcome were evaluated at three months, six months and annually.  


Results obtained 


The INTRABEAM IORT procedure was performed in n=67 patients. Very few serious surgical 
or radiation complications are described. Post-operative seroma was proven in all patients by 
ultrasound. Seroma were symptomatic (pain and swelling) in n=17 patients (25%) and were 
managed by aspiration. Usually three aspirations were necessary to resolve the seroma 
within six weeks, but in one patient chronic seroma developing a draining sinus requiring 
excision.  


Table 6 gives an overview of the adverse events: 


Adverse events  Number of patients 


Significant wound problems Radiation fibrosis 1 


 Recurring lymphangitis 1 


 Radiation fibrosis 1 


Recurrences Local 0 


 Distant / systemic 2 


Deaths Cardiac disease (no evidence of cancer) 1 


 Systemic recurrence without local recurrence 1 


Table 6. Adverse events 


Post-operative cosmetic outcomes were considered as acceptable, no patient had a serious 
surgical deformity, but all patients developed some induration at the operative site. Severe 
fibrosis and fat necrosis were found in n=1 patient, requiring excision at 18 months. In n=1 
patient, mild increased pigmentation of the skin at the surgery site secondary to radiation 
was found and n=2 patients had very minimal telangiectasia.  


Results of cosmetic outcome based on the Harvard criteria are presented in table 7: 


Outcome [n] [%] 


Excellent to good results n=57 out of 67 (85%) 


Fair to poor results n=10 out of 67 (15%) 


Table 7: Presentation of cosmetic outcomes (no indication at which follow-up the data were obtained) 


No serious systemic effects or other toxicities were detected. Till publication date there have 
been no local failures. The authors conclude that IORT with the Intrabeam System is feasible, 
with few complications, good cosmetic results, great patient acceptance and that it is 
practical and excellent for breast IORT in the community setting. 
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The INTRABEAM device and its use were described in a review article published by Deneve 
et al. [2] in 2012. The authors describe their results obtained by a study using the 
INTRABEAM system with INTRABEAM Spherical Applicators of a suitable size. 


Basic data 


The results presented are derived from a single institution study performed on a 
prospectively maintained database on patients who underwent IORT at the time of the initial 
surgery for early-stage breast cancers. A total of n=42 patients were treated with targeted 
IORT using the INTRABEAM system at the time of breast conserving surgery. Patients’ 
characteristics are presented in table 3 in Appendix 1. 


Inclusion criteria 


Eligibility criteria included postmenopausal women older than 60 years with oestrogen 
receptor positive tumours with invasive ductal histology. Primary clinical tumour size was less 
than 3,1cm, were clinically node negative. The patients had received no prior neoadjuvant 
treatment. Invasive tumours with limited lymphovascular invasion and/or HER2-positive 
disease on core needle biopsy were considered acceptable.  


Method of treatment 


All patients underwent breast conserving surgery with sentinel lymph node biopsy followed 
by IORT using the INTRABEAM device. A dose of 20Gy was delivered to the lumpectomy 
cavity. The skin-to-surface of applicator of at least 1cm was determined by intraoperative 
ultrasound. All patients underwent unilateral digital mammography and focused breast 
ultrasound of the lumpectomy site at about 6 months follow-up. The development of new 
calcifications or the presence of a seroma was noted by the interpreting radiologist. A total of 
n = 42 patients underwent targeted IORT with the INTRABEAM system at the time of breast 
conserving surgery. An IORT dose of 20Gy was delivered to all patients for a median IORT 
duration of 25 minutes. Adjuvant whole breast irradiation was given in n = 8 patients (19%).  


Follow-up 


No detailed data with regard to follow-up procedures are given. 


Results obtained 


At a median of 15 days to first postoperative examination the following side effects were 
found: 


Side effect No. of patients [%] 


Evidence for IORT-related hyperemia/erythema  


(without requiring antibiotics) 


n=15 (12%) 


Palpable seroma n=14 (33%) 


Cellulitis  


(one requiring surgical drainage 9 days post-operative) 


n=2 (5%) 


Table 8: Side effects 


The following post-operative complications were detected: 


Postoperative complication n=5 (12%) 


 Abscess requiring drainage n=1  


 Cellulitis  n=2  


 Infected seroma requiring aspiration n=1  


 Hematoma n=1  


Table 9: Postoperative complications 
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At six-month physical examination the following findings were obtained: 


Non-infectious localized hyperemia n=4  


Asymptomatic palpable seroma n=5  


Scar retraction n=1  


Cellulitis n=1  


Table 10: Results of six-month following  


With a median follow-up of three months (range, 1 to 13 months) there were no local 
recurrences. Authors mention that the complete procedure of application of IORT did not 
lengthen the entire duration of the operation significantly and it would compare favourably as 
far as overall time and cost savings when considering that a typical 6-week postoperative 
radiotherapy course involves 6 to 7 hours of radiotherapy room time with 30 to 60 hours of 
patient time. According to the authors IORT-related toxicity is acceptable and avoids the time 
inconvenience of a 5- to 6-week postoperative course of whole breast irradiation, making it 
an attractive treatment alternative for a significant group of patients. 


 


In 2013, results from a systematic and objective assessment of the cosmetic outcome after 
targeted intraoperative radiotherapy were published by Keshtgar et al. [7] The results were 
obtained from a patient subgroup who were taking part in the TARGIT-A trial [1] The 
background of their study was the consideration that cosmesis would represent an 
increasingly important outcome of breast conserving treatment, and radiotherapy treatment 
contributes to this outcome. 


Basis data of the study 


The study was performed based on patients taking part in the TARGIT-A trial. Cosmetic 
outcome of n=342 patients that were enrolled and treated in the TARGIT-A trial were 
assessed for cosmetic outcome using objective criteria and measuring methodologies. For 
assessing frontal digital photographs were taken before TARGIT and EBRT, and yearly 
thereafter for up to 5 years. Patients’ data and tumour characteristics are presented in 
Appendix 1, table 4. 


Inclusion criteria for patients 


Patients participating in the TARGIT-A trial from two centres were enrolled. Consequently, 
the inclusion criteria mentioned there were applied. 


Method of randomization 


As part of the TARGIT-A trial where the patients were taken from, patients were 1:1 
randomized to the IORT arm (BCS followed by treatment with IORT alone, as long as no risk 
factors were found in pathology) or to the EBRT arm (BCS followed by EBRT).  


Treatment 


Patients underwent breast conserving surgery and radiotherapy, and were randomized to 
receive either IORT (20Gy to the surface of the tumor bed equivalent to 5-6Gy at depth of 
1cm from the surface of the applicator) or conventional 3-5 weeks external beam 
radiotherapy. For IORT treatment, the TARGIT technique delivering the entire radiation 
therapy in a single fraction at the time of surgery following the removal of the tumor was 
used. TARGIT can be given either pre-pathology (i.e. before results from pathology are 
available) or post-pathology (i.e. after results from pathology are available and as a second 
surgical intervention. All patients in the IORT group in this study were in the post-pathology 
cohort. 
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Follow-up 


For patients involved in the study digital photographs for cosmetic study were taken at 
baseline and yearly thereafter for up to 5 years. 


Results obtained 


Results were obtained using the BCCT.core software allowing a user-independent evaluation 
of results produced by automatic localization of fiducial points such as nipples, breast 
contour and sternal notch). Asymmetry, colour changes and scars were also evaluated, and 
cosmetic outcome was dichotomised into “excellent and good (EG)” and “fair and poor (FP)”. 
The results obtained by the objective evaluation indicate that the cosmetic outcome of 
patients treated with IORT if given as a second procedure (post pathology) in selected 
patients with low-risk breast cancer is significantly better than those treated with EBRT. 
Differences can be seen within the first year and continues to into the second year. From the 
third year onwards the EBRT group catches up with the IORT (TARGIT) group, which tends 
to remain at baseline levels. Patients in the EBRT group tended to significant breast 
asymmetries which probably is a consequence of a higher degree of fibrosis related to the 
larger volume of tissue in EBRT when compared with the focal nature of IORT. Changes in 
colour in the IORT group appeared as minimal, and colour differences between IORT and 
EBRT were more obvious one year following treatment and gradually decreased until year 
four when differences disappear. EBRT reaches non-significant difference to IORT in scar 
appearance following year two. Following a totally objective assessment in a randomised 
setting, the aesthetic outcome of patients demonstrated that those treated with TARGIT have 
a superior cosmetic result to those patients who received conventional external beam 
radiotherapy. 


 


In the year 2013, results from a single-center study using the INTRABEAM system were 
published by Grobmyer et al. [3] This study is claimed to be the largest single centre study 
reporting experiences with the INTRABEAM device in the US.  


Basis data of the study 


In total, n=78 patients with n=80 treatments (two cases of bilateral breast cancer) were 
included. Data including clinical presentation, diagnosis, stage, treatment details and 
recurrence were collected in the period between Nov. 2010 and Oct. 2012. Patient 
characteristics are shown in Appendix1, table5. 


Inclusion criteria 


Patients’ characteristics are presented in Appendix 1, table 5. No inclusion or exclusion 
criteria are mentioned. 


Method of treatment 


In all patients of the study, INTRABEAM IORT was planned immediately after lumpectomy. 
In patients where axillary lymph node metastasis, histologically positive lumpectomy margins, 
or lymphovascular invasion of in the lumpectomy specimen, adjuvant WBRT was 
recommended, and IORT was judged as the boost. Some patients then preferred 
mastectomy instead of margin re-excision and WBRT. 


The prescribed dose was 20Gy to the surface of the applicator in all patients. Dose at 1cm 
from the surface ranged from 5Gy p 7Gy. Adequate skin spacing between the applicator and 
the skin was defined to be ≥1cm and ensured by intraoperative ultrasound. 


Intraoperative ultrasound was performed with the applicator in place. N=68 (85%) did not 
require additional surgery after initial surgery and radiotherapy with INTRABEAM. N=12 
(15%) patients underwent additional surgery, mastectomy (n=4) and margin re-excision (n=8). 
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Follow-up 


Patients were evaluated beginning with 1 week postoperatively and assessment for any 
acute toxicity and postoperative complication was made. Then patients were assessed every 
six months for ongoing monitoring of cosmetic results and disease status, complications 
were evaluated using the “Radiation Therapy Oncology Group Toxicity Scoring System” 
based on Common Terminology Criteria for Adverse Events.  


Results obtained 


Post-treatment cosmesis was assessed based on achieved patient photographs using the 
Harvard breast cosmesis score, and available photographs were assessed by four 
independent observers. 


The majority of complications and acute toxicities were either grade 1 or 2 (Radiation 
Therapy Oncology Group Toxicity Scoring System). No grade 3 complications and only 1 
grade 4 complication were observed.  


Seroma development in several patients during the early post-operative period was observed. 
Most of the seroma were asymptomatic and did resolve within 4 to 6 months, and only n=4 
(5%) of the patients required one aspiration of seroma for symptomatic relief. Multiple 
aspiration of breast seroma was not required. Three cases of breast cellulitis (4%) that could 
be managed with antibiotics were found, and two patients had some mild erythema of the 
skin of the breast at their initial follow-up evaluation. It resolved without additional treatment 
within six weeks of their surgery.  


A grade 4 complication was found in a patient who was noted to have ulceration of the skin 
of the breast three weeks after lumpectomy and radiotherapy treatment. Ulceration resolved 
within five weeks after radiotherapy treatment without additional intervention.  


Results are summarized in table 11: 


Complications  n % 


Seroma Grade 1 20 25 


 Grade 2 6 7,5 


Dermatitis Grade 1 3 3,7 


 Grade 4 1 1 


Infection Grade 1 2 2,5 


 Grade 2 2 2,5 


Fibrosis  Grade 1 1 1 


Table 11: Complication (Radiation Therapy Oncology Group Toxicity Scoring) in patients in series 


After a medium follow-up of 12,5 months no local or regional recurrences were observed. In 
one patient, metastatic diseases to the bones had developed, (within 1 year of diagnosis).  


Cosmesis has been assessed at each follow-up visit by assessing photographs of at least 
two different time periods. N=31 patients were considered as eligible, and assessment was 
performed on the basis of the Havard Cosmesis Scale. The majority of the patients had good 
to excellent cosmesis at all time-points, and cosmesis tended to improve with increasing 
follow-up time from lumpectomy and radiotherapy treatment.  


A summary of the cosmetic outcome is given in table 12: 
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Assessment 1 month, %,  


(n=32) 


6 months, % 


(n=34) 


12 months, %, 


(n=17) 


18 months, %  


(n=4) 


Excellent, n 24 44 59 81 


Good, n 49 43 33 19 


Fair, n 20 8 4 0 


Poor, n  5 4 4 0 


Table 12: Results of cosmesis assessment 


 


The use of INTRABEAM was associated with no local recurrences with a follow-up to 23 
months. Radiation therapy with INTRABEAM was well-tolerated and is described as a safe 
technique for delivering radiation therapy to the tumor bed after breast conserving surgery, 
and toxicities appear to be low. Seroma rates were very low, particularly when compared 
with other techniques. The overall toxicity profile observed in the study is described as to be 
in contrast to other published data (e.g. balloon brachytherapy APBI techniques), data that 
would have demonstrated increased complication rates with other forms of partial breast 
irradiation. Results obtained from a comparison of the data obtained in that study with results 
achieved in the TARGIT-A trial (IORT arm) are presented in table 18 show low toxicity and 
complication rates as already shown in TARGIT-A and seem to be even better than in the 
international TARGIT-A trial: 


 TARGIT A IORT arm 


(n=1113) 


Current series 


(n=80) 


n [%] n [%] 


Hematoma needing surgical evacuation 11 1,0 0 0 


Seroma needing 3 aspirations 23 2,1 0 0 


Infection needing IV antibiotics or surgical intervention 20 1,8 2 2,5 


Skin breakdown or delayed wound healing 31 2,8 1 1 


RTOG toxicity grade 3 or 4 6 0,5 1 1 


Major toxicity 
*)
 37 3,3 1 1 


*) 
Major toxicity defined as skin breakdown or delayed wound healing and RTOG toxicity grade 3 or 4 


Table 13:  Comparison of current series with the Intraoperative Radiation Therapy Arm of TARGIT-A 


 


The authors conclude that although follow-up for patients in this series is relatively short (up 
to 23 months), there have been no local recurrences to date and have demonstrated good to 
excellent cosmetic results associated with the use of IB. 


In 2012 results from a group in Denmark reflecting on persistent pain after breast cancer 
treatment (PPBCT) were published by Andersen et al. [18] The background of this 
publication was the consideration that EBRT has been shown to be a risk factor for PPBCT 
and the question whether IORT using a smaller field of radiation may reduce the 
development of PPBCT.  


Basis data of the study 


The result were obtained through a retrospective questionnaire based study based on 
patients included in the TARGIT-A trial.  
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Inclusion criteria 


Patients identified in the local TARGIT A trial database from March 2007 to January 2010 
were examined for eligibility. Inclusion criteria were postmenopausal women with primary 
unifocal and unilateral breast cancer age 50 or older, T1, N0 (N0)i+) and N1(mi), M0, 
oestrogen receptor positive confirmed by cytological or histological examination, suitable for 
BCS. Patients included must be available for regular follow-up for at least ten years. 
Exclusion criteria were bilateral cancer at the time of diagnosis, previous cancer in and / or 
irradiation to ipsilateral breast, patients known to have BRCA2 gene mutation, lobular cancer 
or extensive intraductal component, patients undergoing primary medical treatments 
(hormone or chemotherapy). Patients with previous contralateral breast surgery, local 
recurrence, metastatic disease, other cancer or axillary lymph node dissection, other cancer 
or axillary lymph node dissection were also excluded. 


Method of treatment 


Patients were treated following the TARGIT-A trial protocol 


Follow-up 


No details on follow-up given, questionnaire based analysis. 


Results obtained 


Prevalence of pain was 33,9% in the EBRT group and 24,6% in the IORT group. Pain 
localization was similar in the two groups. Pain intensity was low and not different between 
the two groups for most of the patients. In the EBRT group, 71% of the pain patients and 77% 
of the pain patients in the IORT group had scoring of 3 or lower on the rating scale (0=no 
pain, 10=worst imaginable pain). 86,8% of the pain patients in the EBRT group reported on 
pain on a weekly basis or more often, versus 64,5% of the IORT group patients. Prevalence 
of pain elsewhere (i.e. outside the treatment area) were found to be larger in the IORT group 
than in the EBRT group (40,7% versus 26,4%), but the authors point out that there is no 
pathophysiological explanation that IORT should give more pain in general. Prevalence of 
sensory disturbances was similar.  


. The results of the comparison of IORT and EBRT in terms of the risk developing PPBCT as 
a sub-analysis of the randomized TARGIT-A study showed, that IORT does not increase risk 
of developing PPBCT compared with EBRT, but with a tendency towards a positive effect of 
TARGIT with regard to prevalence and frequency of PPBCT. 


 


Whereas results with regard to long-term toxicities are well available in literature, 
considerations on immediate postoperative complications were published just recently by 
Tuschy et al. [5] 


Basis data of the study 


Results were obtained through a retrospective analysis of n=147 women in whom IORT was 
applied as a boost irradiation and n=61 patients who received IORT without additional boost. 
Both patient groups were part of the patients included in the TARGIT-A trial, treatment was 
performed in the period between Feb.2002 and April 2007. 


Inclusion criteria 


Patients were included and randomized following the criteria described in the TARGIT-A trial. 


Method of treatment 


Patients were treated as described in the TARGIT-A trial. 


Follow-up 


No details of follow-up given 
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Results obtained 


In general, no severe postoperative complications were observed, and the observed acute 
toxicity after IORT were low (no grade 3/4 acute toxicity. The most frequent side-effects 
observed were haematoma/suggilation (in 24% of the patients in the breast, in 10,6% of the 
patients in the axilla), and palpable seroma (17,3%). 13,5% of the patients developed a 
seroma located in the axilla, and in 3,8% palpable seroma emerged in the breast. Needle 
aspiration was necessary in 25% of the cases with breast seroma and in 78,6% of the cases 
with seroma located in the axillary. Erythema grade I-II developed in 13% of the women, but 
none of them were classified as grade III or IV. 


No differences between the patients in which only IORT was applied and patients treated 
with additional EBRT with regard to short-term complications were observed within the first 
post-operative week.  


Also just recently results obtained in prospective phase II study on the use of IORT in early 
breast cancer conduced in Saudi Arabia have been published by Merdad et al. [6] It is one 
of the earliest reports on IORT using the INTRABEAM system in the Middle East.  


Basis data of the trial 


Data were obtained through a prospective phase II study carried out in the Kingdom of Saudi 
Arabia in the period between Dec.2010 and Nov.2012. N=45 patients were included in the 
study. 


Inclusion criteria 


All women with biopsy proven invasive duct carcinoma (IDC) and clinical mass of ≤3,cm, 
unifocal, unicentric based on radiological data and eligible for BCS were included. 


Method of treatment 


A radiation dose of 20Gy to the surface of the tumour bed (typically attenuating to 5.7Gy at 
one centimetre depth) was administered. In n=29 patients (64%) received IORT as the sole 
treatment, in n=16 patients (36%) EBRT was administered after IORT. 


Follow-up 


Median follow up:18 months (range,2-24 months); no further details given 


Results obtained 


Due to socio-economic factors the enrolled patients had a more advanced disease at 
diagnosis and had significant differences regarding patients and tumour characteristics 
between the study and TARGIT-A trial. None of the patients developed clinically significant 
complications [e.g. skin breakdown, delayed wound healing, infection needing intravenous 
antibiotics or surgical intervention, seroma needing aspiration, or hematoma needing surgical 
evacuation except for n=1 patient who developed RTOG grade 3 toxicity (moderate to severe 
skin erythema)]. N=12 patients proved to have fat necrosis. N=7 patients developed late 
radiotherapy skin effects such as skin thickening. Due to the small number of patients, no 
correlation between the incidence of late toxicities and EBRT, IORT applicator size, or 
tumour size could be evaluated. With a follow-up of 18 months (median, range, 2-24 months) 
none of the patients developed local or distant relapses. All patients achieved at least 
acceptable cosmetic outcome according to the patient or physician judgement.  


 


The results listed above are also supported by results presented as poster abstracts. 
Although they cannot be considered as high quality literature, they are included here as they 
help to draw the picture.  


Kolberg et al [8] presented data reflecting the satisfaction of patients and gynaecologists with 
the cosmetic results after completion of WBRT. Data were collected from the first 200 
patients treated with INTRABEAM during BCS and were obtained in Bottrop (Germany). 
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Results are presented in table 14: 


 Excellent Good Satisfying Acceptable Poor Inacceptable 


Patients 6% 63 % 23% 6% 2% 0% 


Gynecologists 9% 59% 27% 2% 3% 0% 


Table 14: Satisfaction with the cosmetic results after completion of the whole breast irradiation 


The satisfaction of 92% (patients) and 95% (physicians) with the cosmetic results shows that 
IORT does not lead to a compromise in the oncoplastic approach 


Results obtained in a study conducted in Lublin (Poland) including n=85 female patients were 
presented as poster abstract by Jankiewicz et al. [9] Patients were treated either with IORT 
alone (n=19) or with IORT followed by EBRT (n=61). Early complication occurred in 20% of 
the patients, but no serious complications prolonging hospitalisation appeared. Most frequent 
complications were prolonged wound healing (20%), inflammation of the tumour bed (14,1%), 
and breast inflammation (7,1%). Early radiation toxicity was observed in 15,3% of the 
patients, and the most frequent late complication was grade 2 fibrosis limited to the treated 
quadrant. No grade 3 or 4 fibrosis was detected in a 48-month follow-up, but seroma was 
detected in 37,7% of the patients. One case of local recurrence was detected in the IORT 
group, and no local recurrence was observed in the IORT plus EBRT group. 5-year overall 
and disease specific survival was 100% in the IORT group and 95,1% and 96,7%, 
respectively, in the IORT plus EBRT group. Excellent and good aesthetic outcome was 
achieved in about 90% of the patients. The results underline that IORT, combined with BCS 
in early breast cancer is a well-tolerated and safe method with low rates of complications. In 
the 5-years follow-up it provided good local control.  


Results presented as a poster at the ASCO Annual Meeting in 2013 show the results of a 
study conducted in Israel by Steiner et al. [10] Results are based on the outcome of 
treatment of n=400 patients with low-risk early stage breast cancer. INTRABEAM was used 
to administer a dose of 20Gy to the surface of the surgical cavity. 14,5% showed mild to 
moderate local complications (6,5% wound infection, 5,8% complicated seromas,  
1,7% bleeding or haematoma, 0,5% small skin necrosis. Major complications were observed 
in 6,2% of the patients (2,5% requiring surgical intervention, 2% late healing, 1% requiring 
intravenous antibiotics, 0,7% grade III RTOG fibrosis). Ipsilateral breast failures are reported 
for 1,7%, and one case of axillary recurrence. Systemic disease was observed in 1% of the 
patients, one of them with simultaneous breast recurrence and one of them with contralateral 
breast cancer.  


Looking at the data presented, evidence was given that IORT as a single method of 
treatment has shown to be non-inferior to EBRT (TARGIT-A trial). Moreover, it can be stated 
that beside the TARGIT-A trial, several other patients in different centres all over the world 
have been treated. The results published show that in general, recurrences rates are low and 
the cosmetic outcome is at least satisfying, if not even good to excellent. 


1.3  Literature related to radiotherapy in cases where EBRT is not recommended 


In 2007, an article reporting on the single centre experiences of IORT treatment during 
excision of recurrent breast cancer in the previously irradiated breast was published by 
Kraus-Tiefenbacher et al. [19] The objective of their study was to evaluate whether a 
second radiotherapy in the form of IORT can be administered to patients suffering from 
recurrences and who were previously treated with EBRT, as for such patients, normally 
mastectomy would be preferred. 


The approach described in the publication is to treat patients after re-resection of the 
recurrent tumour with partial breast irradiation (PBI). The hypothesis is the following: re-
irradiation of a limited volume will be efficient on the one hand, but on the other hand side 
effects related to the irradiation will be within an acceptable range. 
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Basis data of the study 


Patients considered in this investigation were treated in the period between April 2002 and 
November 2006. N=15 patients were treated for breast-cancer recurrences at a medium of 
10 years after previous external breast radiotherapy (EBRT). N=2 additional patients were 
selected for IORT with new primary breast cancer after previous partial breast EBRT for 
treatment of Hodgkin’s disease years before. Among these 17 patients, 10 recurrences were 
in the initial tumour bed, 3 elsewhere in-breast failure and 2 invasive recurrences after 
previous Ductal Carcinoma in Situ (DCIS). 


Reason for previous irradiation are summarized in table 19, reasons for recurrences are 
presented in table 15. 


Median age 65,8 years (48,3-86,9) 


Previous EBRT to the breast n=17 (100%) 


Primary breast cancer n=13 


DCIS n=2 


EBRT of mediastinal and axillary lymph nodes because of Hodgkin’s disease: n=2 


Table 15: Reasons for previous radiotherapy 


 


Recurrences n out of total 


Same histology and tumour localization as before  


(same quadrant, true in-breast tumour recurrence) 


n=10 out of 17 


Recurrences with a different histology, but the same location  


(categorized as secondary cancer) 


n=3 out of 17 


Previous EBRT due to DCIS, developed invasive recurrence during further 


follow-up 


n=2 out of 17 


Invasive breast cancer after treatment of Hogdkin’s disease years before n=2 out of 17 


Table 16: Reasons for recurrences 


Method of treatment 


IORT was administered in a single dose, median dose at surface applicator surface:  
20Gy (14.7 to 20Gy 50kV-X-ray at the applicator surface). 


Follow up 


Median follow-up time was 26 months (1 to 60 months). All patients underwent a prospective, 
predefined follow-up including clinical examination, and breast-ultrasound at 6 monthly and 
mammographies at yearly intervals.  


Results obtained 


After a median follow-up time of 26 months (1 to 60), n=16 of the n=17 patients were still 
alive. N=1 patient with secondary breast cancer died due to pulmonary metastases that were 
diagnosed 19 months after treatment for recurrence.  


Acute toxicity was evaluated and judged as mild (no Grade 3/4 toxicities were observed and 
there was no delay in wound healing nor was wound infection to be observed. N=6 patients 
(35.3%) showed a limited induration of the tumour bed, for n=3 (17.6%) the induration was 
judged as moderate to severe. Cosmetic outcome after the median follow-up of 26 months is 
described as satisfactory (n=7 patients: excellent, n=7 patients good, and n=3 patients fair, 
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respectively). No unexpected toxicities were observed during a median follow-up of more 
than 2 years. 


 


In the year 2010 results of a study intended to determine safety and efficacy of targeted 
IORT in cases where EBRT is not feasible were published by Keshtgar et al. [31] 


Basis data of the study 


Experiences were obtained in three centres (Australia, Germany, United Kingdom) in the 
period between 1999 and 2008. N= 80 patients received the TARGIT protocol treatment 
alone as treatment of breast cancer. N=3 out of these n=80 patients received “percutaneous 
radiotherapy” alone, using the INTRABEAM under local anesthetic, and these patients had 
considerable comorbid conditions. N=21 patients treated with IORT were treated with EBRT 
in the past (N=18 for breast cancer in the same breast, n=3 had received mantle 
radiotherapy for treatment of Hodgkin’s disease). 


Inclusion criteria 


The selected patients treated with IORT in this study were not eligible for the TARGIT trial, 
but were offered IORT outside the randomized clinical trial. Inclusion was agreed on for 
selected patients after careful considerations. Patients were not eligible for TARGIT trial due 
to in acceptability to be randomized to the EBRT arm. Nevertheless, the patients had 
compiling indications for BCS and refusal to accept mastectomy as an option. Reasons for 
treating off trial are presented in table 17, patients and tumour characteristics are shown in 
Appendix 1, table 6. 


Reasons for TARGIT No. of 


patients 


Age (IQR)  


[years] 


Follow-up (IQR) 


[months] 


LR
*)
 


Previous EBRT 21 60 (53-70) 42 (28-66) 0 


Clinical reasons including comorbidity  31 69 (61-79) 29 (18-49) 1 


Compelling personal reasons 28 67 (53-76) 45 (25-60) 1 


Total 80 67 (56-76) 38(24-57) 2 


*)
 LR = number of local recurrences 


Table 17: Reasons for treating breast cancer with TARGIT off-trial 


Method of treatment 


A single radiation dose of 20Gy to the breast tissue (6Gy at 1cm distance from the applicator) 
were given after tumour excision.  


Follow-up 


Median follow-up of the patients was 38 months (IQR, 24-57; range , 3-105 months). None of 
the patients were lost to follow-up 


Results obtained 


The annual local recurrence rate was 0,75% (95% CI, 0.09% - 2,70%). During follow-up 
period, n=14 of the n=80 patients (17,5%) died of various causes, without any local disease 
recurrence.  


There were no reports on clinically significant radiation toxicity in any of the cases treated. 
However, the authors mention that giving IORT after previous EBRT increases the risk of 
fibrosis (255 vs. 15%), but they also mention that this effect has already been reported in 
literature.  


Acute toxicity after IORT were mild, with no grade 3 or 4 toxicities, and no delay in wound 
healing or wound infections were detected, except for one patient. Two cases of local 
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recurrence were detected at the time of the publication. No unexpected toxicity were 
observed and the results obtained correlated well with other series of BCS which have found 
a low acceptable local recurrence rate. The patients tolerated the treatment well without any 
evidence of radiation toxicity and, no excess dermatological side-effects.  


Section 2: Literature related to IORT as boost followed by EBRT 


2.1 Literature related to recurrence and survival rates when IORT is given as a 
 boost followed by EBRT  


Results describing the outcome of treatment of women with IORT, given as a boost and 
followed by EBRT were published by Wenz et al. in 2010. [11] The report is on the outcome 
of the first 5 years after introduction of the approach to deliver IORT as a tumour bed boost 
during BCS for breast cancer, followed by EBRT. 


Basis data of the study 


The analysis was conducted as a single centre study in the period between 2002 and 2007. 
The analysis includes n=155 breasts of n=154 women. IORT as a boost, followed by EBRT, 
was applied. Patients’ characteristics are shown in Appendix 1, table 7. 


Inclusion criteria for patients 


No information with regard to patients inclusion criteria are given. 


Method of treatment 


After wide tumour excision of the breast cancer, a single dose was given. The first 8 cases 
received 14,7 to 17,6Gy during dose finding, and later only 2 cases received less than 20Gy. 
The radiation doses were described at the surface of the applicator, and the INTRABEAM 
system was used as source of radiation. Duration of treatment was between 7,5 to 51,1 
minutes.  


After completion of wound healing, EBRT to the breast was initiated. (median interval 
between IORT and EBRT 40 days, range 13-226 days). EBRT was done applying a dose of 
46Gy in 2Gy fractions was prescribed.  


In n=26 cases, a dose of 50Gy was given to the breast and the supra/infraclaviar lymph 
nodes. 


Follow-up 


Patients were recalled every 6 to 12 months for follow-up visits. Median follow-up was 34 
months (max. 80 months, 1 patient lost during follow-up). N=79 patients were evaluated at 
three year follow-up for late toxicity. 


Results obtained 


Clinical late toxicity at 3 years was scored by the treating radiation oncologists (modified 
LENT – SOMA scoring system) in all 79 cases having a 3-years follow-up with an intact 
breast. In total, a number of n=10 deaths, n=8 distant metastases developed, and n=2 in –
breast recurrences were observed. The overall survival rate (5 years) was 87% and the local 
(in-breast) relapse-free survival rate was 98,5%.  


Chronic toxicity after 3 years was mild in n=79 evaluable patients, and approximately two 
third of the patients had no or only barely palpable breast fibrosis. 4 out of 79 patients (5%) 
had a marked increase in density. 8% of the patients had a breast edema. Skin toxicity was 
mild, including telangiectases (6%) and hyperpigementation (6%) 
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Chronic toxicity after 3 years was mild in n=79 evaluated patients. Results are presented in 
table 18: 


Toxicitiy Grade 1 Grade 2 Grade 3 Grade 4 


Fibrosis 43% 22% 30% 5% 


Telangiectasia 94% 6%   


Breast edema 92% 5% 3%  


Retraction 81% 19%   


Ulceration 100% 0%   


Hyperpigmentation 94% 5% 1%  


Pain 80% 10% 9% 1% 


Lymphedema 93% 6% 0% 1% 


Table 18:  Late radiation toxicity scored using the LENT-SOMA scale after 36 months of follow-up, values 


 are percentage 


The study shows that an IORT boost using low-kilovoltage X-rays followed by EBRT yields 
very low rates of local failure and toxicity. This is especially important considering that 35% 
were T2 tumors, 30% were node positive, and 22% of patients were aged <50 years. The 
European Organization for Research and Treatment of Cancer (EORTC) boost trial had 
approximately half T2 tumors, approximately one fifth node-positive patients, and one third of 
the patients were aged <50 years. The local recurrence rate after 5 years in the EORTC 
multicentre trial was 4.3%, as compared with 1.5% in the presented cohort. 


In the year 2010, results obtained by a single center study dealing with local recurrence and 
chronic toxicities were published by Blank et al. [20] However, when looking at the data 
presented, it becomes obvious that they are very likely to be derived from more or less the 
same study population as results published in 2010 by Wenz et al. [11]. The results 
published by Wenz et al. were taken from a total of n=249 cases of breast cancer treated in 
the period between Feb.2002 and Dec.2007 at the University Medical Center Mannheim. The 
results published by Blank et al. [20] are derived from a total of n=314 breasts treated in the 
period between Feb.2002 and Dec. 2008 at the University Medical Center Mannheim, so it 
can be assumed that data in both publications are derived to at least a large extend from the 
same study and the same population.  


In the year 2011, results obtained from a study including a total of 300 cancers (in 299 
unselected patients, one patient with bilateral cancer) treated in the period between July 
1998 and August 2005 and considerations on the effects of IORT as a boost treatment were 
published by Vaidya et al. [13] The study was dealing with feasibility, safety, and long-term 
efficacy of targeted intraoperative radiotherapy (TARGIT) using the INTRABEAM device.  


Basic data of the study 


Consecutive patients of any age at different centres, diagnosed with invasive breast cancer 
and found suitable for BCS were approached and informed consent was obtained. Patients 
included were claimed by the authors to be “clearly not a selected good-prognosis cohort”. 


Tumours in the study were unifocal on mammography, none of the tumours was >4cm in 
diameter. There was no restriction in tumour type, tumour grade, receptor status, or axillary 
lymph node involvement. Patients and tumour characteristics are presented in Appendix 1, 
table 8.  


 







C:\Users\zobfra\Desktop\NICE Report 2014 6.01.14 Final.docx 27/68 


Inclusion criteria  


Unselected patients undergoing BCS, no restriction with regard to tumour type, tumour grade, 
receptor status, or axillary lymph node involvement. 


Method of treatment 


Each patient had her breast conserving surgery following the local protocol, typically a wide 
local excision of the primary tumour and axillary surgery. Intraoperative radiotherapy 
(INTRABEAM) was delivered immediately after surgical excision (during the same 
anaesthesia), except for nine patients (Australian cohort) in which the intraoperative 
radiotherapy was performed in a second operation within a few weeks.  


Radiation dose received by the tumour bed was between 18Gy to 20Gy at the surface of the 
applicator, and 5-7Gy at 1cm into surrounding tissue. All patients received external beam 
radiotherapy to the whole breast, typically 45-50Gy in 25 fractions over a period of 5 weeks).  


Follow-up 


Patients were followed up with at least a 6-month clinical examination and annual 
mammogram. The median follow-up is 60,5 months (range: 10-122 months) 


Results obtained 


The first patient was treated in 1998 and was alive and well at the time of the publication 
(2011). Results reported are summarized in table 19. 


Ipsilateral  breast tumour cancer n=8 


5-year Kaplan Meier estimate for recurrence 1,73% (SE 0,77) 


Recurrence in the tumour bed n=5 out of 8 


5-year Kaplan Meier estimate for recurrence in tumour bed 1,04% (SE 0,59) 


Development of contralateral breast cancer n=7 


Table 19: Summary of results reported 


There were no problems with wound healing, even in such patients who needed to have 
subsequent surgery (re-excision, mastectomy for diffusely positive margins).  


As a benchmark, results obtained through this study are compared to results received in the 
EORTC study and the START-B study. Both studies report on results of 5-years recurrence 
in boosted patients and it turned out that results of the EORTC boost study are inferior with 
regard to recurrence rates at 5 years when compared with the TARGIT boost data. Patients’ 
data and recurrence rates are summarized in table 20: 


High risk factors EORTC boost START-B trial TARGIT boost 


Young age 33% were ≤50 21% were ≤50 32% were ≤50 


% >1cm 75 % 86% 78% 


% Grade 3 Not available 23% 29% 


% Node  + 21% 23,6% 29% 


Recurrence rate at 5years 4,3% 2,8% 1,73% 


Table 20: High risk factors compared with EORTC and START-B trial 


Besides the literature presented, poster abstracts underlining the statements made before. 
To compare the overall survival rates between patients treated with IORT followed by EBRT 
and of patients treated with EBRT after BCS, a matched pair analysis was done by Sperk et 
al. [14] Although results were only published as a poster so far, results are presented here as 
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they can support the hypotheses made. From a total of n=370 patients treated for breast 
cancer, a matched pair analysis could be done for n=53 pairs of patients. It could be shown 
that there is a strong tendency towards better overall survival after IORT boost (i.e. IORT 
followed by EBRT) than for EBRT plus external EBRT boost (90,2% versus 62,3% overall 
survival). One local recurrence is reported for each group after a follow-up of 15 months 
(EBRT group, local recurrence free survival 95%) and 12 months, respectively (IORT plus 
EBRT group, local recurrence free survival,98,1%) 


Poster abstracts by Vaidya et al. [15] show the same tendency. A significant reduction in 
non-breast cancer mortality of the patients receiving TARGIT plus EBRT as pre-specified in 
the protocol in the TARGIT-Arm (i.e. treatment with IORT as a boost followed by EBRT) 
when compared with the EBRT group is reported. The non-breast-cancer deaths were in 
TARGIT (boost) +EBRT: 0/218 vs. in the EBRT arm: 24/892.  


2.2 Literature related to side effects and cosmetic outcome when IORT is given as a 
 boost followed by EBRT 


In 2009, results obtained from a study dealing with the question of seroma formation 
(frequency and volume) after breast conserving surgery followed by intraoperative 
radiotherapy were published by Kraus-Tiefenbacher et al. [21]  


Basis data of the study 


The data of presented in this study (retrospective study) were obtained in the period between 
2005 and 2007. In total, n=73 breast of n=71 patients were treated with breast conserving 
surgery and IORT (INTRABEAM system, “IORT group”). In the same period, n=88 breast 
tumours in n=86 patients were treated with breast conserving surgery without IORT (“NO-
IORT group”) and were evaluated accordingly. 


Patients’ characteristics are presented in Appendix 1, table 9: 


Both patient groups were equally distributed with respect to patient age, height, weight, 
tumour size and tumour localisation. Characteristics of the two groups are shown in table 21 


Variable IORT NO-IORT p 


Cases/Breasts 73 88  


Age [year] 63,3 63,8 0,66 


Height [cm] 163 164 0,99 


Weight [kg] 72 65 0,08 


BMI [kg/cm
3
] 27,3 24,9 0,02 


Breast volume [mL] 1263,9 1088,6 0,004 


Tumour size [cm] 1,8 1,7 0,41 


Interval BCS to CT [days] 33 41,5 0,04 


Table 21: Descriptive statistics regarding the two patient groups 


Inclusion criteria for patients 


No details describing the inclusion criteria are given. 


Method of treatment 


For IORT Group: 20Gy 50kV X-rays were prescribed at the surface of the applicator for 
tumour bed boost irradiation (no further details given). 


 


 







C:\Users\zobfra\Desktop\NICE Report 2014 6.01.14 Final.docx 29/68 


Results obtained 


All n=157 patients (n=161 breasts) underwent a CT scanning for external beam radiotherapy 
planning and the rate of seroma formation was documented and seroma volume was 
measured. Clinical palpalation of the breast was undertaken by an experienced radiation 
oncologist. Differentiation were made between 


 No clinical finding 


 Clinically palpable seroma 


 Clinically palpable seroma requiring puncture 


Results are presented in table 22:: 


 IORT NO-IORT  


Parameter n % n % n 


Clinical Examination 


No seroma palpable 56 77 68 77 124 


Seroma palpable 14 19 10 11 24 


Palpable and puncture required 3 4 10 11 13 


CT-findings 


CT-seroma 59 81 46 52 105 


No CT-seroma 14 19 42 48 56 


CT-seroma but no clinical finding 42 58 26 20 68 


No clinical or CT finding 14 20 42 49 56 


Table 22: Summarized results for both groups regarding clinical palpation and CT evaluation 


The interval between  BCS and CT was significantly shorter in patients with clinically 
palpable seroma or CT-seroma compared with those with no palpable seroma. The volume 
of any CT-seroma decreased with time after BCS, but subanalysis of the two groups (IORT 
vs. NO-IORT) showed no significant difference in speed of seroma resorption. The incident 
of either clinical or CT-seroma was not associated with tumour localization or tumour size. 


 


Results obtained from a single institutional study intended to evaluate the feasibility of 
intraoperative radiotherapy (IORT) to the primary tumour bed as tumour bed boost after 
whole breast irradiation were published in 2011 by Chua et al. [12] Moreover, acute toxicity 
of IORT delivered to primary tumour bed was evaluated.  


Basis data of the trial 


Results are obtained through a single arm prospective trial, single institutional, non-
comparative study. A total of n=60 eligible patients were recruited between Feb. 2003 and 
May 2005. In n=1 patient the tumour could not be localized (surgery and IORT were 
abandoned), for n=1 patient mechanical problems with the device were observed, and n=58 
with wide local excision of the primary tumour and IORT in their first surgical episode. Clinical 
characteristics of the patients included are shown in Appendix 1, table 10.  


Inclusion criteria 


Female patients aged 18 years or older with unifocal histologically proven non-metastatic 
invasive carcinoma of the breast ≥3cm and assessed to be suitable for BCS, including wide 
excision and postoperative WBI were included.  
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Exclusion criteria 


Patients with tumours showing clinical or radiological evidence of skin involvement or chest 
wall invasion and tumour location <5mm from the skin surface on ultrasound examination 
were excluded from the study. 


Method of randomization 


No randomization was performed. 


Primary outcome 


The primary outcome of the study was the evaluation of the feasibility rate and surgical and 
radiation toxicities of IORT delivered by the INTRABEAM system followed by standard WBI 
in women with early breast cancer resected by BCS. 


Secondary outcome 


As a secondary outcome the assessment of cosmetic outcome and the assessment of local 
control rate of the protocol therapy were defined. 


Method of treatment 


N=58 of the n=60 registered patients had wide local excision of the primary tumour and IORT 
in their first surgical episode. Primary tumour could not be localized in n=1 patient (surgery 
and IORT were abandoned). Another patient had surgery without IORT due to a mechanical 
failure of the INTRABEAM device. Axillary surgery was performed in n=57 out of 58 patients 
(sentinel node biopsy: n=53; sentinel node biopsy and immediate axillary dissection: n=4; no 
axillary surgery: n=1). N=9 patients had a second surgical procedure consisting of axillary 
dissection only (n=5), re-excision of the breast only (n=2) , re-excision of the breast and 
axillary dissection (n=1), and wide local excision of the breast and sentinel node biopsy (n=1). 


N=58 patients received IORT and n=55 patients completed both components of the protocol 
therapy of IORT and WBI.  


In case of resection margins <1mm or positive a re-excision of applicable margin(s) was 
undertaken, no further IORT delivered in these cases. For primary tumour resected with 
negative margins of ≥1mm the standard post-operative external beam WBI was given. No 
external tumour bed boost was given. 


For IORT, a dose of 5Gy at 10mm from the outer surface of the applicator was delivered to 
the target breast tissue. IORT was followed by standard WBI (50Gy in 25 fractions given as a 
rate of 2Gy per day, 5 days per week, for 5 weeks). 


Follow-up 


All study patients were reviewed at weeks 2, 4, and 8 after IORT. They were also reviewed 
during the fifth week of WBI and then at weeks 2 and 12 post WBI. 


A review of all patients at weeks 2, 4, and 8 after IORT was made. 


Results obtained 


The results obtained are summarized in table 23: 
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Feasibility rates of IORT alone 97% (95% CI, 89-99%) 


Feasibility rates of IORT and WBI 92% (95% CI, 83-97%) 


Severe surgical complications n=2 


Haemotoma requiring open drainage n=1 


Abcess requiring open drainage n=1 


Haematoma  


None n=48 (83%) 


Not requiring drainage n=9 (16%) 


Requiring open drainage n=1 (2%) 


Ipsilateral breast infection  


None n=51 (88%) 


Cellulitis requiring antibiotics n=6 (10%) 


Abcess requiring open drainage n=1 (2%) 


Radiation dermitis  


Grade 0 n=3 (5%) 


Grade 1 n=16 (28%) 


Grade 2 n=35 (60%) 


Grade 3 n=1 (2%) 


Grade 4 n=3 (5%) 


Pain due to radiation  


Grade 0 n=5 (9%) 


Grade 1 n=44 (76%) 


Grade 2 n=8 (14%) 


Grade 3 n=1 (2%) 


Grade 4 n=0 (0%) 


Breast wound infections requiring antibiotics therapy n=6 


Recurrence or death at a median follow-up of 21 months  
(range 3-36 months) 


none 


Table 23: Results obtained (continued) 


Severe surgical complications such as haematoma or abscess requiring open drainage or 
grade 3 or 4 acute radiation toxicity were identified in only a few cases (10%) of the patients 
treated with IORT. 15% of the patients had breast wound infections.  No recurrence or death 
was observed at a median follow-up of 21 months (range 3-36 months). 


 


Malter et al. presented results obtained through using IORT in combination with oncoplastic 
BCS. [16] A total of n=100 patients were treated with IORT as a boost, followed by WBRT. 
Resection defects were reconstructed after IORT boost treatment using predefined 
oncoplastic principles to achieve optimal aesthetic results after BCS. With a median follow-up 
of 7,6 months n=1 patient had a chronic skin toxicity with percutaneous fistula, n=2 patients 
developed liponecrosis and n=3 patients developed a seroma which was punctured. It could 
be shown that IORT as a tumour bed boost using low energy x-ray is clinically feasible with 
low toxicity and complication rates. IORT supports the close interdisciplinary between 
radiation therapy and breast surgery and can be combined with oncoplastic principles in BCS. 
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2.3 Literature related to quality of life when IORT is given as a boost followed by 


 EBRT 


Results obtained through a single centre cross-sectional analysis that focused on quality of 
life after treatment with INTRABEAM were published by Welzel et al. in 2013. [26] Starting 
point was the authors explain that in the year 2000, the international randomized phase III 
trial TARGIT-A, which started in the year 2000.  


Primary aim of the study published by Welzel et al. was to assess radiation-related quality of 
life parameters in the first n=123 women from a single centre participating in the TARGIT-A 
trial.  


Secondary aim of the study was to compare TARGIT-A IORT EBRT patients with two non-
randomized control groups of patients treated with  


a) IORT as a tumour bed boost followed by EBRT outside of TARGIT-A (IORT boost) 
b) EBRT followed by an external-beam boost to the tumour bed (EBRT boost) 


Quality of life was assessed using two validated questionnaires of the EORTC – the quality 
of life questionnaire C30 (QLQ-C-30) and the Breast cancer module (QLQ-BR-23) 


Basis data of the study 


N=230 women with stage I–III breast cancer were entered in the study. A subgroup of n=87 
women from the two arms of the randomized phase III trial TARGIT-A was analysed, and 
results were compared to a non-randomized control group (n=90) receiving IORT as a 
tumour bed boost followed by external beam whole breast radiotherapy (EBRT) outside the 
TARGIT trial and n=53 treated with EBRT followed by external-beam boost (EBRT boost). 


Patients’ basic data are shown in table 35: 


Inclusion criteria 


To qualify for the analysis, patients had to be randomized in the TARGIT-A trial between 
2002 and 2009 from the University Medical Centre Mannheim 


Primary endpoint 


Primary endpoints were the global health status, restrictions in daily activities (role 
functioning) and general pain subscales from EORTC. 


Method of randomization 


Patients included in this analysis were randomized in the TARGIT-A trial between 2002 and 
2009 (one centre).  


Method of treatment 


Patients of the control group outside the TARGIT-A trial were treated in the same centre. 
Patients received BCS and either a combination of 20Gy IORT and post-operative EBRT of 
46Gy in 23 fractions (“IORT boost group”) or postoperative EBRT of 50Gy in 25 fractions 
(“EBRT boost group”).  EBRT was initiated after wound healing and/or chemo therapy.  


N=46 patients were allocated to the IORT, and n=16 patients out of this group were allocated 
for EBRT. N=4 patients did not receive IORT and one patient refused EBRT. N=42 patients 
were treated with EBRT. A total of n=87 patients were analysed.  


Follow-up 


The follow-up time was 39,1 months (median 41 months, range, 8 to 64) 


Results obtained 


Quality of life was assessed on the basis of two validated questionnaires of the EORTC – 
one was the “quality of life questionnaire” (QLQ-C30) and the other was the Breast Cancer 
Module (QLQ-BR23).  
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a) Intention to treat analysis for randomized patients from TARGIT-A trial 


In the intention to treat analysis patients allocated for IORT showed more professional and 
other daily activities and fewer general pain symptoms compared to patients allocated to 
EBRT. 


 Allocated to IORT Allocated to EBRT  


Variable N
a)


 Mean SD N
a)


 Mean SD p 


Global Health status
b)


 46 61,6 21,7 40 54,8 19,9 0,183 


Restriction in daily activities
b)


 46 72,8 32,3 41 61,8 29,2 0,055 


General pain
c)
 46 29,3 32,8 42 42,5 33,0 0,048 


Breast symptoms
c)
 45 17,0 20,8 42 18,1 20,2 0,629 


Arm symptoms
c)
 45 24,4 26,7 40 31,1 27,9 0,279 


a)
 Number of valid assessments 


b)
 Higher scores are equal to good functioning/good quality of life 


c) Higher scores are equal to severe symptoms/worse quality of life 


Table 24: Preselected QoL variables between TARGIT-A patients allocated to IORT versus EBRT 


Patients treated with IORT alone reported more professional and other daily activities when 
compared with patients treated with EBRT. Mean scores for general pain, breast, and arm 
symptom scales were significantly lower in IORT patients than EBRT patients. Differences in 
breast-symptoms between IORT and IORT-EBRT patients were also significant. Results are 
shown in table 25: 


Symptoms (moderate/sever) TARGIT-A EBRT-boost 


 IORT 


[%] 


EBRT 


[%] 


IORT-EBRT 


[%] 


IORT-boost 


[%] 


EBRT-boost 


[%] 


Pain in area affected breast 4/0 11/4 25/13 20/9 11/8 


Swelling in area of affected breast 0/0 4/2 7/7 7/10 11/2 


Oversensitivity in area of affected 


breast 


4/0 9/7 20/7 20/15 11/8 


Skin problems on or in area of affected 


breast 


4/4 9/4 13/6 11/2 4/7 


Pain in arm or hand 8/8 18/23 33/20 21/15 26/8 


Swelling in arm or hand 8/4 9/7 6/6 18/9 19/6 


Difficulties in raising or moving arm 


sideways 


20/0 24/12 13/7 16/10 11/8 


Table 25: Frequencies of moderate or severe breast and arm symptoms reported by patients in each group 


No differences between IORT-EBRT group and IORT-/EBRT-boost patients were found for 
any of the quality of life comparisons. The authors summarize that a single-centre subgroup 
of patients of the TARGIT- A trial treated with IORT alone were found to have significantly 
better radiation-related quality of life as those treated with EBRT. This statement is related to 
the assessment of restrictions in daily activities (role functioning), general pain, breast, and 
arm symptoms. Patients of the TARGIT-A trial treated with IORT-EBRT are described to 
have significantly more breast symptoms, and a trend to more general pain and arm 
symptoms when compared to patients that received IORT alone, but did not differ from 
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patients treated with an IORT boost or EBRT boost outside the TARGIT-A trial or EBRT 
without a boost.  


2.4 Literature related to the preferences of patients 


Results obtained through a preference study conducted to determine the trade-off results 
that women might make for the convenience of a single treatment delivery intraoperatively 
were published in 2013 by Alvarado et al.. [30] The purpose of the study was to explore and 
quantify preferences of patients using trade-off techniques if they were given a choice 
between IORT and EBRT.  


Basic data of the study 


Data from n=81 patients were collected; patients’ data are shown in Appendix 1, table 12. 


Inclusion criteria 


Women who were current and past current candidates for radiation following BCS were 
considered as eligible. No further details are given. 


Method of treatment 


No real treatment was performed, patients were asked for preferences. Methodologies were 
presented to the patients in a three-part presentation on the computer : 


a) Introductory educational section 


Comparison of EBRT with IORT in terms of procedures, cost to insurance, possible 
side effect were made for the patients 


b) Preference elicitation section 


Patients were asked about their preferences of treatment. Additional accepted risks 
that patients would accept to undergo IORT instead of EBRT were asked and 
assessed.  


c) Brief survey about medical and personal history 


Questions on the survey included age at diagnosis, time since diagnosis, race, highest 
education, working status (full- or part time) primary caregiver status, tumour grade, 
types of therapy received or anticipated, and receptor status for oestrogen receptor, 
progesterone receptor, and HER2/neu. Patients who already had received their 
radiotherapy were asked for time since diagnosis, ability to continue working, type of 
treatment received (IORT, EBRT or EBRT with boost), commute to radiation facilities 
and radiation tolerance. 


Follow-up 


No follow-up was undertaken 


Results obtained 


Patients preferred the IORT option at equivalent local recurrence risk. N=2 patients accepted 
even 34-39% additional risk with IORT. The median accepted additional risk of local 
recurrence was 2,3%, which falls into the non-inferior margin of an absolute difference of 
2,5% for the TARGIT-A trial. Results are presented in table 26: 


Acceptance of IORT at no additional risk n=22 


Acceptance of IORT with some additional risk of having local recurrence within 10 years n=52 


No acceptance of IORT if recurrence risk is equal to that of standard EBRT n=7 


Table 26: Outcome of acceptance study 
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Results from a cross-sectional study of patients’ preferences and their determinants were 
presented as a poster abstract by Corica et al. [27] N=209 women participating in the 
Australian cohort of the TARGIT-A trial were evaluated by self-rated questionnaires. N=108 
patients received IORT and n=101 received EBRT as the method of treatment. The following 
results were obtained: 


Acceptance of 4%-6% increase of local recurrence for increased 


convenience of IORT 


36% 


No acceptance of IORT at all 22% 


Acceptance of 4%-6% increase of local recurrence for increased 


convenience of IORT  


60% of patients treated with IORT 


 12% (patients treated with EBRT) 


No acceptance of IORT 2% (patients treated with IORT) 


 43% (patients treated with EBRT) 


Table 27: Acceptance of IORT 


Given the early results of the TARGIT trial however, it is unlikely that the clinical difference in 
LR between IORT and EBRT will exceed what patients will accept. 


 


Section 3: Literature related to potential drawbacks, restrictions and 


 other side effects 


3.1 Risks for patients with cardiac pace makers 


Concerns with regard of negative effects of radiation therapy in patients with pace makers 
were discussed by Keshtgar et al. in 2012. [28] Background of their consideration were 
reports describing that ionizing radiation would interfere with modern cardiac pace makers. It 
is described that irradiation of cardiac pace makers can result to altered sensitivity, amplitude 
changing, telemetry and programming defects, adjustments or loss of functions for seconds, 
days or even permanently. Doses as low as 2Gy are mentioned as being able to result in 
significant functional changes. The hypothesis of the work presented here was that IORT 
could be an alternative to EBRT in patients with cardiac pacemakers.  


Basis data of the study 


Single case study in a 83 year old female with a 15mm suspicious lump in the breast. 
Diagnosis of DCIS was confirmed by biopsy. The patient had a cardiac pace maker located 
in a subcutaneous tissue pocket 9cm away from the primary tumour. 


Inclusion criteria 


No inclusion criteria for this single case study were mentioned. 


Method of treatment 


Intraoperative radiotherapy using the INTRABEAM device was performed after wide local 
excision and sentinel node biopsy. A three diameter dose to the pacemaker was measured 
using thermoluminiscent dosimeters (TLD), which were placed on the edge of the device 
closest to the x-ray source, and the distance between the applicator shaft of the 
INTRABEAM and the pacemaker were recorded. 
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Results obtained 


The average reading of the TLDs was 0,08Gy, the procedure was well-tolerated by the 
patient. Moreover, the function of the pacemaker was tested by a cardiology team before and 
after the treatment and there was no malfunctions of the pacemaker during surgery or IORT. 


3.2 Risk of ischemic heart diseases due to radiation therapy in breast cancer 


In 2013, results obtained from a study evaluating the risk of ischemic heart diseases related 
with radiotherapy for breast cancer were published by Darby et al. [29] Background of the 
study were considerations that radiotherapy for breast cancer often involve some incidental 
exposure of the heart to ionizing radiation. Therefore, the authors conducted a population-
based case-control study of major coronary events such as myocardial infarction, coronary 
revascularization, or death from ischemic heart disease. The analysis was carried out in 
Sweden and Denmark.  


Basic data of the study 


In a population based case-controlled study, a total of n=2168 women who underwent 
radiotherapy for breast cancer between 1958 and 2001 were evaluated and n=963 women 
with major coronary events were included in the study. N=1205 women served as control 
group. Mean radiation doses to the whole heart and to the left anterior descending coronary 
artery were estimated from patient’s radiotherapy chart. Data from patients in Sweden and 
Denmark were evaluated. Data are presented in Appendix 1, table 13.  


Inclusion criteria 


Women who received external-beam radiotherapy for invasive breast cancer were included. 
The following events were defined as “major coronary event”: 


 Myocardial infarction 


 Coronary revascularization 


 Death from ischemic heart disease 


Women whose primary diagnosis was a major coronary event that after a diagnosis of breast 
cancer but before any recurrence or diagnosis of a second cancer were classified as case 
patients. 


Eligibility criteria differed slightly between the two countries. 


In Sweden, all women living in Stockholm for whom data were recorded in the Swedish 
National Cancer Register were considered if 


 they received a diagnosis of breast cancer between 1958 and 2001 


 were younger than 70 years of age at the time of diagnosis 


 had received radiotherapy 


Information on radiotherapy were taken from hospital records. 


In Denmark, all women for whom data were recorded in the Danish Breast Cancer 
Cooperative Group were considered if  


 they received the diagnosis breast cancer between 1977 and 2000 


 were younger than 75 years at the time of diagnosis 


 received radiotherapy 


Exclusion criteria 


Patients with diagnosis of angina alone were not included (angina could not reliably be 
identified by the authors). 
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Women without histopathology confirmation of breast cancer, with bilateral or metastatic 
disease at the time of diagnosis or with a history of cancer (excluding nonmelanoma skin 
cancer) or previous radiotherapy to the thoracic area were excluded. 


Method of treatment 


Radiotherapy charts, including a diagram or a photography of the field of treatment and a 
dose plan from the patients, where available, were copied and evaluated. Each radiotherapy 
regimen was reconstructed on the CT-scan of a woman with typical anatomy. Virtual 
simulation and CT planning involved the reconstruction of radiotherapy fields on a CT scan, 
and radiation doses at structures of interest were estimated using a treatment-planning 
system. 


Results obtained 


As results it turned out that among the case-defining major coronary events (event resulting 
in inclusion in the study) 


 44% occurred less than 10 years after breast cancer was diagnosed 


 33% occurred 10 to 19 years after breast cancer was diagnosed 


 23% occurred 20 or more years after breast cancer was diagnosed 


In 65% of the patients, the case-defining major coronary events could be confirmed by 
hospital cardiology or autopsy reports and were consistent with 9% of case population. For 
the remaining 26%, no relevant records could be found. For 54% of the patients it was known 
that they have died due to ischemic heart disease, either at the time of their case-defining 
event or subsequently.  


Women irradiated for cancer of the left breast had higher rates of major coronary events than 
women irradiated for cancer of the right breast, but there was no other strong association 
between the rate of major coronary events and tumour characteristics or the cancer 
treatment administered in addition to the radiotherapy. The overall rate ratio for a major 
coronary event among women with a history of ischemic heart disease as compared with 
women with no such history was 6,67 (95% CI, 4,37 to 10,18). The ratio has been 13,43 
(95% CI, 7,65 to 23,58) during the first 10 years after the cancer diagnosis as compared with 
2,09 (95 % CI, 1,05 to 4,13) during later years. 


Rates of major coronary events were also elevated among women with  


 a history of other circulatory diseases 


 diabetes 


 chronic obstructive pulmonary diseases 


 smoking 


 high body mass index 


 regular analgesic use 


The overall average estimated doses of radiation of the heart has been 6,6Gy for women 
with tumours in the left breast, and 2,9Gy for women with tumours in the right breast, and 
4,9Gy overall range. The rate of major coronary events increased by 7,4% for each 1Gy 
increased in the mean dose delivered to the heart.  


Women were grouped in four categories related to the radiation dose of the heart: <2Gy, 2 to 
4Gy, 5.9Gy and 19Gy or more. There was an increased risk of major coronary events related 
to the dose delivered to the heart when compared with an estimated dose of zero to the 
heart. The increase in risk is presented in table 28: 
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Radiation dose to the heart Increase of rate of major coronary events 


<2 Gy 10% 


2 to 4 Gy 30% 


5 to 9Gy 40% 


10Gy or more 116% 


Table 28: Increase in risk of major coronary events related to radiation dose to the heart 


With regard to the increase per Gy there was no significant difference for any of the matching 
factors used in selection of controls, tumour characteristics (including whether the tumour 
was situated in the left or in the right breast) or cancer treatments in addition to radiotherapy. 
Although the rate of major coronary events was higher among women with cardiac risk 
factors than among those without such risk factors, the percentage increase in the rate of 
major coronary events per Gray was similar for women with and those without a cardiac risk 
factor at the time of breast-cancer diagnosis.  


The increase in the rate of major coronary events per Gray of radiation according to the 
number of years since radiation were the following (table 29) 


Time since  


radiotherapy 


No. of case  


patients 


No. of  


controls 


Increase in rate of major 


coronary events (95% CI) 


[%increase/Gy] 


0 to 4 years 206 328 16,3 (3,0 to 64,3) 


5 to 9 years 216 296 15,5 (2,5 to 63,3) 


10 to 19 years 323 388 1,2 (-2,2 to 8,5) 


≥ 20 years 218 193 8,2 (0,4 to 26,6) 


0 to ≥ 20 years 963 1205 7,4 (2,9 to 14,5) 


Table 29.  Percentage increase in the rate of major coronary events per Gray,  


 according to time since radiotherapy 


Estimated mean doses to the left anterior descending coronary artery and to the heart were 
correlated and the authors mention that the mean dose to the heart would be a better 
predictor for major coronary events than the mean dose to the left descending coronary 
artery. The mean dose of radiation to the heart remained much more significantly associated 
with major coronary events after the mean dose to the left anterior descending coronary 
artery was taken into account, but the mean dose applied to the left anterior descending 
coronary artery was not significantly associated with the rate of major coronary events after 
the mean dose to the heart was taken into account.  


Current doses administered to the heart due to radiotherapy for breast cancer of the right 
breast are mentioned to be typically 1 to 2Gy, and doses for the treatment in left breast are 
described as “may be around 10Gy”. The mean doses among the n=2168 women included in 
the analysis ranged from 0,03Gy to 27,72Gy (overall average of mean dose of 4,9Gy).  


The risk of a major coronary event increased linearly with the mean dose to the heart and the 
magnitude of the risk was 7,4% per Gy with no apparent threshold below which was no risk. 
The risk started to increase within the first 5 years after exposure and continued for at least 
20 years. The absolute increases in risk for a given dose to the heart were larger for women 
with pre-existing cardiac risk factors. Therefore the authors conclude, that clinicians may 
wish to consider cardiac dose and cardiac risk factors as well as tumour control when making 
decisions about the use of radiotherapy for breast cancer. 
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3.3 Risk of secondary cancer due to radiation therapy in breast cancer 


Considerations on the risk of radiation induced secondary cancers were published in 2011 by 
Aziz et al. [22]. The authors mention that radiation induced secondary cancer would be a 
rare, but severe late effect after breast conserving therapy, and they intended to estimate the 
secondary cancer risk after IORT when compared to other modalities of breast radiotherapy.  


Computer tomography scans of an anthropomorphic phantom were acquired with an 
INTRABEAM IORT applicator in the outer quadrant of the breast. Data were transferred to a 
treatment planning system via DICOM, and ipsilateral breast, contralateral breast, ipsilateral 
lung, spine and heart were contoured.  


Three different treatment modalities were evaluated – IORT using INTRABEAM (single dose 
of 20Gy prescribed at the applicator’s surface), APBI applying accelerated partial breast 
irradiation with 34Gy in 10 fractions (5days x 2 x 3,4Gy, prescribed at 10mm depth from the 
Intrabeam applicator surface) and EBRT using standard three dimensional conformal 
radiotherapy with 50Gy in 25 fractions to the whole breast using two tangential fields of 
wedges.  


Mean and maximal doses, dose volume histograms (DVHs) and volumes receiving more 
than 0,1Gy and 4Gy of Organ at risk (OAR) were calculated and compared.  


Comparison of isodose distribution from three breast radiotherapy techniques showed large 
differences in the dose distribution and especially in the low dose regions delivered to the 
OAR. Results are presented in table 30: 


Dose to organ IORT APBI EBRT 


Mean 


dose [Gy] 


Max.  


dose [Gy] 


Mean  


dose [Gy] 


Max.  


dose [Gy] 


Mean  


dose [Gy] 


Max.  


dose [Gy] 


Ipsilateral breast 2,2 20 10,4 102 49,0 55,3 


Contralateral breast -- <0,3 -- <0,56 1,1 10,4 


Ipsilateral lung 0,03 1,8 0,13 7,4 3,4 53,0 


Contralateral lung -- <0,3 -- <0,56 0,24 1,0 


Heart 0,01 1 0,06 3,8 1 2,8 


Spine -- <0,3 -- <0,56 0,24 0,5 


Doses of <,5% of the prescribed dose cannot be shown by the planning system  (---) 


Tab. 30:  Volumes of OAR receiving doses greater than 0,1Gy and 4Gy which doses considered to be 


 relevant for induction of secondary cancer 


 


Volumes of OAR receiving doses greater than 0.1Gy and 4Gy (doses) were also estimated. 
Such doses were considered as relevant for induction of secondary cancers. Results are 
shown in table 31: 
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Dose to organ IORT APBI EBRT 


% Vol 


>0,1Gy 


% Vol 


<4Gy 


% Vol 


>0,1Gy 


% Vol 


<4Gy 


% Vol 


>0,1Gy 


% Vol 


<4Gy 


Ipsilateral breast 84,5 18,1 88,2 54,4 99,9 99,9 


Contralateral breast <1 0 <1 0 97,7 1,3 


Ipsilateral lung 4,5 0 5,0 1,3 98,8 10,1 


Contralateral lung <1 0 <1 0 87 0 


Heart 1,8 0 4,2 0 98 0 


Spine <1 0 <1 0 92 0 


Table 31: Volumes of OAR receiving doses greater than 0,1Gy and 4Gy (doses considered to be relevant 


for induction of secondary cancer) 


As a summarizing result, the authors state that in comparison with APBI and EBRT, the 
calculated mean and maximal doses for OAR would be lower than for IORT as well as for 
high dose volumes (>4Gy). They state that this would suggest, that the risk of secondary 
cancer induction after IORT would be lower than after APBI or EBRT. 
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B 1.10 Interpretation of clinical evidence 


 
NICE has responded to Sir Ian Kennedy’s report ‘Appraising the value of innovation’. As 
requested we want therefore respond to the following three questions in our submission: 


 
•      Do you consider the technology to be innovative in its potential to make a significant and 
substantial impact on health-related benefits and how it might improve the way that current 
need is met (is this a ‘step-change’ in the management of the condition)?  
 
Yes, the technology is innovative and has an impact on health-related benefits like survival 
rates and side effects (see below). 
 
•      Do you consider that the use of the technology can result in any potential significant and 
substantial health-related benefits that are unlikely to be included in the quality-adjusted life 
year (QALY) calculation?  
 
We have submitted an economic model including a QALY calculation. 
 
•      Please identify the nature of the data which you understand to be available to enable the 
Appraisal Committee to take account of these benefits. 
 
The nature of data was presented above and will be interpreted below. 
 


When evaluating the clinical evidence two different options have to be distinguished: 


 IORT as single method of treatment  


 IORT followed by a boost 


The parameters intended to  answer the above questions are 


 Overall survival 


 Local and regional recurrence after treatment with INTRABEAM 


 Cosmetic outcome and toxicities 


 Quality of life 


General 


The radiotherapy using INTRABEAM for IORT is related to advantages, independent of the 
treatment option [IORT as the sole method of treatment (single dose administered 
intraoperatively, “TARGIT”) or IORT as a boost followed by EBRT]. One of the major 
advantages is related to the workflow of the treatment – in IORT the time between surgery 
and the administration of the prescribed dose is very short. As shown as a result of the 
comparison between the pre- and post-pathology strata of the TARGIT-A- trial [1] and in-vitro 
studies it seems to be quite beneficial with regards to recurrence rates if the radiation dose is 
given promptly after surgery. [23] Moreover, due to the intraoperative approach, the source 
of radiation is placed directly in the tumour cavity avoiding a “geographic miss”., Also the lack 
of tumor cell proliferation before and during radiotherapy and effects of high single doses on 
the microenvironment including the microvasculature or cytokine pattern seem to be 
benefical. [11] By directly placing the source of radiation into the region of interest, the 
surrounding tissue is irradiated sparing the other tissue. Furthermore the relative biological 
effectiveness (RBE) of different radiation energies used in IORT and in EBRT has different 
effects on cancer DNA. Martinsen et al. [32] found that cell lines were killed more efficiently 
by 50 kV photon radiation compared to 380 keV radiation and that 6 MV radiation was even 
less efficient. This effect can be explained by the higher LET (linear energy transfer) of the 
50 kV photon radiation. The energy of 50 kV radiation is deposited more densely and is 
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therefore causing more irreparable radiation damages and thus higher RBE than the higher 
energies. [32] Moreover, the radiation of the tumour bed from “inside out” seems to result in 
more favourable cosmetic outcome, less toxicity and less pain for the patient. The use of 
INTRABEAM as source of radiation avoids handling of open radiation sources such as 
radiation seeds as used in conventional brachytherapy. 


The results obtained through the TARGIT-A trial give evidence that the sole application of 
IORT as a sole treatment protocol is not inferior to EBRT. When looking at the data of the 
patients involved it can also be seen that the results obtained are not related to low-risk 
patients,  a certain number of patients were younger than 70 years and in about one half of 
the patients treated in the IORT group tumour sizes were larger than 1cm. Despite the fact 
that about 30 % of the patients had substantial risk factors as compared to the ASTRO 
guidelines for suitable and cautionary risk patients, the results were as good as the 5-7 
weeks EBRT (pre-pathogology).  


The following hypotheses are to be underlined: 


a) Overall survival and recurrence rates for IORT as the sole treatment are not 
significantly different when compared with EBRT (with a trend of better survival) 


b) Overall survival and recurrence rates for IORT given as a boost followed by EBRT are 
not significantly different to EBRT  


c) The timing at which IORT is administered makes a difference in the outcome 


d) Cosmetic outcome is better for IORT than for EBRT, toxicities are lower 


e) Side effects and impacts on critical organs are less in IORT than in EBRT 


f) The quality of life for patients is higher for IORT than for EBRT 


g) IORT can be administered to patients where EBRT is not advised 


h) IORT can be used in patients wearing a cardiac pace maker 


i) IORT has a low risk of inducing secondary cancer 


 


a) Overall survival and recurrence rates for IORT as the sole treatment are not 
significantly different when compared with EBRT (with a trend of better survival) 


Several studies describing the treatment protocol of IORT as sole treatment were presented, 
but only one randomized trial was discovered. [1] So probably the most remarkable study 
published is the “TARGIT-A trial”, which was a randomized study including nearly 3500 
patients. Results from a 5-year follow-up period were published recently [1]. The results 
obtained in this study gave evidence that IORT with INTRABEAM as the only method of 
treatment is not inferior when compared with EBRT as an established treatment protocol. 
The criteria for defining non-inferiority were differences in local recurrences of 2,5%. [1]. 
Overall survival rates and recurrence rates can be derived from the 5-years follow-up rates 
determined through this trial. The results obtained show that IORT as the sole method of 
treatment in selected low-risk to intermediate-risk patients is not inferior when compared with 
EBRT.  


TARGIT given concurrently with lumpectomy as performed in the pre-pathology stratum of 
the TARGIT group (prepathology, n=2298) had much the same results as EBRT: 2,1% (1,1–
4·,) versus 1,1% (0·5–2·5; p=0·31). Breast-cancer mortality was 17 patients for TARGIT 
versus 15 patients for EBRT (3,3%, 1,9–5,8 vs 2,7%, 1,5–4,6; p=0,72), non-breast-cancer 
mortality was 12 patients for TARGIT versus 27 patients for EBRT (1,3%, 0,7–2,8% vs 4,4%, 
2,8−6,9; p=0,016). Thus, in absolute terms, there were four additional local recurrences but 
13 fewer deaths in the pre-pathology TARGIT stratum. Analysing the post- and pre pathology 
strata together the 5-year risk for local recurrence in the conserved breast for was 3,3% 
(TARGIT) versus 1,3% (EBRT), but breast cancer mortality was the same in both groups (2,5% 
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for TARGIT versus 1,9% for EBRT). Nevertheless, significantly fewer cases of non-cancer 
deaths in the TARGIT group than in the EBRT group (1,4% in the TARGIT group versus 3,5% 
in the EBRT group) are reported. The overall mortality was 3,9% for the TARGIT group 
versus 5,3% for the EBRT group. Thus, whereas the local recurrence rate is slightly higher in 
the TARGIT group the overall mortality is lower. At 5-year follow-up, the risk of local 
recurrence with TARGIT was non-inferior to EBRT when all patients were analysed together.  


When evaluating the results a close look at the patients should be made – the patients 
included were not only low risk patients. About 85% of the patients randomized to the IORT 
group (IORT as the sole method of treatment) were younger than 70 years, and less than 40% 
of the patients in the IORT group had tumour sizes smaller or equal 1cm, all other tumours 
treated were either larger in volume or the size was unknown (10%). With regard to the 
tumour grade it must be considered that only 35% of the tumour treated with IORT were 
grade 1 tumours, and all the others were higher grades (60%) or unknown (11%). So it can 
be stated that the results obtained through the IORT group of the TARGIT-A trial were not 
related to low risk patients.  


Preliminary results (data from 4-year follow up) obtained from the TARGIT trial were already 
published in 2010. [17] As these data reflect the results obtained from a 4-year follow-up, 
they are expected to be included in the most recent publication dating from November 2013 
and therefore are not respected here. Although the only randomized study dealing with a 
comparison of IORT as the sole method of treatment with EBRT as a method of treatment is 
the above mentioned TARGIT-A trial, other study groups outside the TARGIT-A protocol 
described the outcome of such treatment options. Grobmeyr et al. [3] published results 
obtained in the USA including n=78 patients and treatments of n=80 breasts. Elliott et al. 
published results obtained through a study including n=67 patients [4] in 2011. Most recent 
results were obtained in a study conducted in Saudi Arabia [6], and results obtained in other 
centres are also available. Deneve et al. published results in 2012 obtained through a study 
in the USA including n=42 patients. [2] Besides publication as full paper, poster abstracts 
describing the use of IORT outside the TARGIT A-trial are also available and are mentioned 
here as they give helpful hints, although they are not considered as high quality literature. 
Steiner et al. published results of studies conducted in Israel including n=400 patients. [10]  


The outcome of these trials, although not being randomized trials, underline the results 
obtained through the TARGIT-A trial with very good tolerability and low recurrence rates.  


b) Overall survival and recurrence rates for IORT given as a boost followed by 
EBRT are not significantly different to EBRT 


Besides the protocol of IORT as the sole method of treatment, IORT can also be 
administered intraoperatively to the tumour bed (boost treatment of the tumour bed) followed 
by EBRT for higher risk patients.  


The use of INTRABEAM intended to deliver a boost intraoperatively, followed by WBI, is 
described in literature. As sub-analysis of a randomized trial, the treatment of patients with 
IORT as a boost to the tumour bed followed by EBRT is described in the TARGIT-A trial. [1] 
IORT as a tumour bed boost followed by EBRT was undertaken in case of unpredicted 
prespecified adverse outcome of histology after lumpectomy (risk adapted radiotherapy). The 
group of patients included in the IORT+EBRT showed significantly fewer non-breast cancer 
deaths than EBRT (p=0.012), Despite the poor prognostic factors for survival in the group 
selected to receive TARGIT plus EBRT, as shown by the increased breast cancer mortality 
(8·0%, 95% CI 3·5–17·5), local recurrence was low in that group (0·9%, 0·1–6·1), and did 
not differ from those who received TARGIT alone  


Results from other publications describing the use of IORT as a boost followed by EBRT are 
available. Although the underlying studies were not randomized, they are included here to 
give evidence that the results obtained through the TARGIT-A trial is supported by data 
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obtained from centres and studies other that the TARGIT-A trial. Results are presented here 
to help to draw the picture, although some subgroups of the TARGIT-A trial are included. 
Results from Australia (Chua et al, 2010) underline the feasibility of the use of IORT 
(INTRABEAM) and IORT followed by WBI. [12] No recurrence or death was observed at a 
median follow-up of 21 months (range, 3-36 months). 


Results published by Vaidya et al. in 2010 [13] intended to evaluate the feasibility, safety 
and long-term efficacy of IORT followed by EBRT. Within a median follow-up of 60,5 months 
(range 10-122 months), the five year Kaplan-Mayer estimate for ipsilateral recurrence was 
1,73% , and for recurrence in the tumour bed 1,04%. Other groups published their results of 
a 5 years of experience using IORT as a boost followed by EBRT in 2010. [11] The results 
based on the treatment of n=155 breast of n=154 women show that overall survival rate was 
87% and the local (in-breast) relapse-free survival rate was 98,5%. With regards to late 
toxicity aspects it could be shown that IORT in combination with EBRT was well tolerated. 
The two posters (Sperk and Vaidya) comparing IORT boost with EBRT boost survival data 
show a trend that patients have a better survival with IORT boost. This underlines the 
hypotheses that avoiding the geographical miss with regular EBRT approximately 10 weeks 
after the surgery has a real benefit for the patient. The TARGIT B trial is therefore powered 
as a superiority trial.  


Besides the results presented above, literature also mentions theoretic advantages using 
IORT as a tumour bed boost treatment at the time of surgery. Although these advantages are 
not supported by clinical data, they are worth being considered and presented here. In 
general three advantages are discussed in literature. [11,12] 


1) The risk of geographic miss: In the case of application of a tumour bed boost in BCS the 
accurate localization is described as essential to avoid geographic miss [12]. Nevertheless, 
the accurate targeting of the boost can be difficult due to deformation and positional changes 
in the post-operative breast. [13] 


Chua et al. [12] cite literature claiming geographic misses up to 80% of the treatments; other 
literature mentions crates of geographic misses of 50-80% [13]. The risk of geographic miss 
can be circumvented by administering the boost intraoperatively and directly to the tumour 
cavity margins following lumpectomy, i.e. as IORT. [11,12] 


2) Giving the radiation boost intraoperatively (IORT as a boost) ensures that radiation is 
administered at the earliest possible time [11]. Delays may become biologically relevant, and 
the delay is named as “temporal miss”. [13] and a delay may reduce local control [11] 
Potential effects of the period between surgery and irradiation is discussed below in detail.  


3) Administering the boost irradiation intraoperatively means administration of radiation from 
inside-out, resulting in lower skin doses and thus in better cosmetic results. [11] 


Literature points out that the combination of IORT with EBRT is feasible and provides a well-
timed and targeted boost dose that, when compared with other methods of partial breast 
irradiation, may not be achieved even with the most sophisticated three-dimensional 
planning. [13] It saves five to ten  sessions and patient visits and ensures excellent 
conformation and dosimetry and reduces the risk of both “geographic miss” as well as 
“temporal miss”. [13] The risk of local recurrence in case of IORT given as a tumour bed 
boost during BCS is described as relatively low [11] and toxicity rates seem to be 
acceptable. [11] The hypothesis is raised that a TARGIT boost might be superior to 
conventional external beam boost [13], although this hypothesis clearly lacks of clinical 
evidence at the moment and TARGIT B has just started.  


 


 







C:\Users\zobfra\Desktop\NICE Report 2014 6.01.14 Final.docx 45/68 


c) The timing at which IORT is administered makes a difference in the outcome 


As part of the TARGIT-A study a subgroup of the IORT arm received IORT only after the final 
histological results were present (“post-pathology group”), i.e. with a delay of several weeks 
(mean 37 days) when compared with the group that received IORT as a part of the surgery, 
i.e. at the time before any pathological results were present (“Pre-Pathology group”). This 
treatment option was allowed due to a protocol amendment, but was not the original idea of 
the TARGIT-A trial. Nevertheless, results obtained through comparison of the pre-pathology 
group and the post-pathology group are interesting and worth to be looked at.  


The results obtained give clear hints that the recurrence rate in the pre-pathology group was 
much the same when compared with the EBRT group (2.1% in the TARGIT pre-pathology 
group versus 1,1% for the EBRT group). The breast cancer mortality was 3,3% in the 
TARGIT pre-pathology group compared with 2,7% in the EBRT group, but non-breast cancer 
mortality was much lower in the TARGIT group (1,3%) when compared with the EBRT group 
(4,4%). Again, the recurrence rate in the TARGIT group turned out to be a little higher than in 
the EBRT group, but on the other hand there were fewer deaths in the pre-pathology group 
when compared with EBRT. When TARGIT is given concurrently with lumpectomy, there is a 
1% increase in local recurrences (from 99% to 98% chance of being free from local 
recurrences) but a potential of 2-3% decrease in overall mortality (from 93.1% to 95,4% 
chance of being alive) in 5 years. 


Nevertheless, there was a difference in results between the pre-pathology and the post-
pathology group –the local recurrence rate was 5,4% in the TARGIT group (post pathology) 
versus 1,7% in the EBRT group. Breast cancer mortality was 1,2% in the TARGIT group 
versus 0,5% in the EBRT group, and non-breast cancer mortality was 1,58% in the TARGIT 
group versus 1,76% in the EBRT group. Thus the recurrence rate in the TARGIT post-
pathology group was higher than in the EBRT group, but deaths were slightly fewer in the 
TARGIT group (post-pathology stratum) when compared with the EBRT group. Therefore, 
the results obtained unmask the disadvantages (i. e. potential cardiovascular side effects) of 
EBRT if applied without previous IORT treatment. The TARGIT-A trial group clearly points 
out that IORT, given as pre-pathology treatment, is their preferred treatment protocol. [1] 


However, the results obtained did not confirm non-inferiority of IORT not administered 
concurrently with lumpectomy (post-pathology stratum of the TARGIT arm, IORT as a 
second procedure after reopening the wound) when compared with EBRT. On the other 
hand it can be concluded that following the original idea of the TARGIT-A trial (i.e. 
administration of the complete prescribed dose intraoperatively at the time of lumpectomy) 
leads to better results than post-pathology treatment. The time when the dose is 
administered seems to play a role with regard to the local recurrence rate (1,7% pre-
pathology versus 5.4% post-pathology) 


These outcomes are in line with considerations based on the results obtained through in-vitro 
tests, published in 2008 by Belletti et al. [23] The authors investigated whether TARGIT 
influences the responses of breast cancer cell lines after stimulation with surgical wound fluid 
in terms of proliferation, motility, and invasion. One of the aspects to be investigated was the 
question whether IORT may have an immediate effect on the local tumour microenvironment 
and whether it would be conceivable that IORT not only kills residual tumour cells but also 
alters the microenvironment, making it less favourable for tumour cell growth and invasion in 
humans. As results it is reported that wound fluid stimulates proliferation, migration, and 
invasion of breast cancer cell lines, but the stimulating effect was almost completely 
abrogated when wound fluids from patients that were treated with IORT were being used. 
Such fluids failed to properly stimulate the activation of some intracellular signal transduction 
pathways when compared with fluids taken from untreated patients. 


The hypothesis is much supported by the fact that the patients selected for IORT in the post-
pathology stratum were highly selected for favourable pathological entry criteria – and yet 







C:\Users\zobfra\Desktop\NICE Report 2014 6.01.14 Final.docx 46/68 


they show significant differences with regard to local recurrences (1,7% in the pre-
pathological group versus 5,4% in the post-pathological group). [1] The results suggest that 
TARGIT is effective in reducing local recurrences when given concurrently with lumpectomy.  


 


d) Cosmetic outcome is better for IORT than for EBRT, toxicities are low 
 


With increasing survival of patients with breast cancer the aesthetic outcome is described to 
become an increasing important consideration. [7] Consequently, several investigations were 
made considering radiation related side effects, cosmetic outcome and toxicities. Again, the 
randomized TARGIT-A trial can be quoted leading to more or less direct comparison of the 
outcome of two different treatment protocols. Wound-related complications turned out to be 
much the same between the two trial groups, but significantly fewer grade 3 or 4 
radiotherapy-related complications in the TARGIT-group than in the EBRT group are 
reported. [1] Wound related complications were much the same for the TARGIT and the 
EBRT group, but nevertheless there were significantly less cases of grade 3 or 4 
radiotherapy related complications with TARGIT that with EBRT. [1] Other publications 
describing the results obtained through a systematic and objective assessment of cosmetic 
outcome (asymmetry of the breast, colour changes and scars) [7] indicate that patients 
treated with IORT given as post-pathology treatment in selected low risk patients is 
significantly better than for those treated with EBRT.  


Results from studies conducted in the USA were published in 2013 by Grobmyer et al. [3] 
underline this outcome. Inclusion of n=78 patients lead to a number n=80 treatments and 
patients were treated either with IORT or IORT followed by EBRT of the whole breast. The 
assessment of the cosmetic outcome showed that the complications acute toxicities were 
either grade 1 or 2 and only 1 case of grade 4 complications. Seroma development was 
observed in several patients (32,5%), but was asymptomatic and resolved in most cases. 
Moreover, seroma rates are declared as very low, especially when compared with other 
methodologies. The majority of the patients had good to excellent cosmesis, and cosmesis 
tended to improve with increasing follow-up time from lumpectomy and radiotherapy 
treatment. The radiotherapy treatment with INTRABEAM was well-tolerated, and toxicities 
are described as “appear to be low”. Other publications also underline this picture and 
consider the cosmetic outcome after treatment of n=67 patients with IORT. [4] Seroma was 
proven in all patients, but cosmetic outcome was judged as acceptable in all patients. No 
serious systemic effects are described. The concept is also proven by the results published 
by Deneve et al. in 2012. [2], (Number of patients involved n=42) describing that palpable 
seroma was found in 33% of the patients, whereas evidences for IORT-related 
hyperemia/erythema were observed in 12%. Postoperative complications were described for 
12%, and cellulitis was reported in 5%.  


Publications dealing with the outcome after IORT treatment followed by a boost are available. 
No problems with wound healing were mentioned by Vaidya et al. [13] as outcome of a 
study including n=299 patients and n=300 cancers. Treatment was IORT followed by EBRT 
(whole breast irradiation). Chua et al [12] reported in 2010 that severe surgical complications 
such as haematoma or abscess requiring open drainage or grade 3 or 4 acute radiation 
toxicity were identified in only a few cases (10%) of the patients treated with IORT. 15% of 
the patients had breast wound infections. Other publications [11] describing the outcome 
after IORT followed by EBRT mention that chronic toxicity after 3 years was judged as “mild” 
in all patients and for about two third no or only barely palpable breast fibrosis were 
discovered. Skin toxicities including telangiectases (6%) and hyperpigmentation (6%), did 
appear, but were considered as “mild”. Breast edema were found in 8% of the patients.  


Publications directly dealing with the question of seroma formation after IORT treatment and 
treatment without IORT are also available. [21] The results obtained show seroma formation 
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in both groups,. The rate of palpable seroma was not different between the two groups, but 
fewer breasts required puncture in the IORT group. However, significantly more breasts 
showed CT seroma in the IORT group, and the volume of CT-seroma were higher in the 
IORT group than in the non-IORT group. No significant difference in speed of seroma 
resorption is mentioned 


These results are supported both by the results published by Wenz et al. [11] and by the 
outcome of the TARGIT-A trial. [1] With regard to wound complications, the TARGIT-A trial 
mentions that 6 months after randomization, there were no significant differences in any 
protocol, but fewer grade 3 and 4 radiotherapy-related skin complications with TARGIT than 
with EBRT (4/1721 versus 13/1730) are reported. 


The lower risk of geographic misses as described above may also contribute to the better 
cosmetic outcome, as well as the concept of irradiation of the tumour bed from “inside out”. 
Following this concept, the target tissue is irradiated, but due to the steep fall-off of the 
radiation (1/r3) other tissue is not spared and skin is hit by large doses. 


e) Side effects and impacts on critical organs are less in IORT than in EBRT 


As one of the results obtained through the TARGIT-A trial it turned out that there were less 
non-breast cancer related deaths observed in the IORT group when compared with the 
EBRT group. It is stated that the fewer number of deaths in the TARGIT group is attributable 
to fewer deaths from cardiovascular causes and other complications [1]. This effect of fewer 
non-cancer related deaths may be related to less exposition of critical organs (e.g. heart) to 
radiation. This hypothesis is supported by data recently published in literature [29] It is 
described that the use of intraoperative radiation of the tumour bed from “inside out” results 
in less radiation induced ischemic heart diseases and other relevant major coronary events 
(myocardial infarction, coronary revascularization, or death from ischemic heart disease). 
The risk of major coronary events increases by 7,4% with each Gray administered to the 
heart. [29] The use of intraoperative methodologies such as IORT with INTRABEAM is likely 
to reduce the risk of major coronary events. On the one hand, external radiation has to pass 
the tissue from outside before reaching the region of interest. Due to the application of 
INTRABEAM as an intraoperative methodology the dose of radiation is applied directly to the 
tumour cavity sparing the non-involved tissue. Because of the steep fall-off (1/r3) it is likely 
that the radiation received by critical organs such as the heart is lower than in cases EBRT 
which results in lower non-cancer related deaths 


f) The quality of life for patients receiving IORT is better 


The studies conducted with regard to quality of life were comparing the treatment protocols 
of IORT followed by EBRT with EBRT as treatment. It turned out that patients being treated 
with IORT alone reported more professional and other daily activities than patients who 
received EBRT without IORT. The mean scores for general pain, breast, and arm symptoms 
were significantly lower in IORT patients than in EBRT patients. Differences in breast-
symptoms were also significant. [26]  


Besides the direct outcome of better quality of life for patients being treated with IORT, an 
indirect increase of quality of life is mentioned in other publications. In case of BCS followed 
by WBI and a boost treatment, the administration of the boost may require about six weeks 
of additional period of treatment. It is mentioned in literature that many women are not able to 
attend these daily postoperative radiotherapy, especially when there is limited access to 
radiotherapy centre. [1,2] Thus, many of these women prefer mastectomy although BCS 
would be a suitable option. [1] Even in cases where the access to the radiotherapy centre is 
easy, the supplementary period of treatement can be stressful and inconvenient. [1,4,17] 
Avoiding the daily trips to a radiation centre therefore is very attractive to patients, especially 
those living far from the centre [3]], and shortened treatment courses from 5 to 6 weeks to 5 
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days or less may help patients who could not undergo conventional postoperative 
radiotherapy to avoid mastectomy. [2] 


The higher quality of life seems to be highly appreciated by the patients. Studies dealing with 
the acceptance of increase in quality of life versus higher risk of recurrences showed that 
patients were willing to accept a slightly higher risk for higher quality of life. [30] 


g) IORT can be administered to patients where EBRT is not advised 


It is a general conviction that further radiotherapy in patients who already received irradiation 
is not possible, as the normal tissue tolerance does not permit a second full-dose course of 
radiotherapy to the entire breast after a second BCS. Therefore, in such cases mastectomy 
is recommended. [19,30]. Other circumstances besides recurrences in the same breast such 
as severe respiratory problems, collagen or autoimmune disorders, chronic lung disease with 
respiratory dysfunction or painful arthritis may question the application of post-operative 
EBRT. [30] Nevertheless, results obtained using the methodology of partial breast irradiation 
(PBI), an approach based on the hypothesis that the irradiation of a limited volume is 
acceptable with regard to side effects on the one hand and effective on the other. Data 
published in literature support this hypotheses – authors report that after a follow-up of 26 
months (median) n=16 out of n=17 patients still were alive, and acute toxicities after IORT 
were mild (no grade 3/4 toxicities). No delay in wound healing or infections were reported. 
Cosmetic outcome was judged as satisfactory. [19] Other publications describing the 
treatment of patients that already received EBRT with IORT mention that no unexpected 
toxicities were observed. [31]  


h) IORT can be used in patients wearing a cardiac pace maker 


Literature describes potential drawbacks in radiotherapy in patients with a pace maker as 
components included in the cardiac pace maker may fail when receiving doses as low as 
10Gy. [28] Significant functional failure is reported in case the cardiac pace maker receives 
doses even as low as 2Gy. Surgical movement of the cardiac pacemaker can be a solution if 
not withholding the radiotherapy treatment. Literature describes IORT as an alternative to 
EBRT in such cases, and doses measured at the edge of the pace maker were low (0,08Gy). 
The treatment was well tolerated and not hints of failure of the pace maker. Moreover, the 
use of INTRABEAM does not cause problems with regard to electromagnetic interferences, 
which are considerations in case linear accelerators are used. [28] The use of INTRABEAM 
is described as a good alternative for the treatment in patients with a cardiac pace maker. 


i) Low risk of inducing secondary cancer 


Literature mentions that there is a clear evidence for the association between radiation 
exposure and cancer induction, and the importance of secondary cancer risks after radiation 
therapy has been recognized by several international institutions [22] Estimations for 
secondary cancer risks, based on calculations of radiation doses given to several organs at 
risk were performed and dosimetric comparison of IORT (INTRABEAM) with selected other 
breast radiotherapy techniques were made. [22] It is concluded that in comparison with APBI 
and EBRT, the calculated mean and maximal doses for organs at risk are lower for IORT, as 
well as the high dose volumes (i.e. volumes receiving >4Gy). It is concluded that this would 
suggest that the risk of secondary cancer induction after IORT is lower than after APBI or 
EBRT. However, clinical data underlining this hypothesis are not presented.  


In summary we consider the technology to be innovative in its potential to make a significant 


and substantial impact on health-related benefits. The INTRABEAM ® radiotherapy system 


might improve what patients expect from personalized treatment in either saving two weeks 


(boost treatment) or 6 weeks (single dose) of external EBRT with a trend of better survival. 


The health-related benefit can be shown in a QUALY calculation as shown in the economic 
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model. To our knowledge the data shown above enable the Appraisal Committee to take 


account of these benefits. 


B 1.11 Cost effectiveness (Cost effectiveness is attached as an EXCEL sheet) 


Background 


Over the past 20 years, diagnostic and therapeutic medical interventions have evolved into 


more patient-focused, less invasive techniques. That statement holds true for patients 


diagnosed with breast cancer who undergo breast conserving surgery. Inclusive of the 


comprehensive breast program, the patient receives radiation therapy which is usually given 


in the UK over 3-6 weeks to the whole breast. 


INTRABEAM Intraoperative Radiotherapy (IORT) is given as a single dose or as a boost 


internal radiation therapy performed during surgery after removal of the tumor. INTRABEAM 


delivers radiations directly into the tumour cavity irradiating the tumour bed. 


The treatment was successfully introduced through an internationally randomized controlled 


clinical trial called TARGIT-A, which compared a single dose of radiation given intra-


operatively to conventional external beam radiotherapy in women with early breast cancer. 


The eligible candidates for the INTRABEAM Radiation single-dose treatments include 


patients with early breast cancer.  


Objective 


The objective of this work was to determine the cost effectiveness of INTRABEAM in early 


breast cancer patients. In this model based economic evaluation INTRABEAM (new 


intervention) was compared with radiotherapy which is usually given in the UK over 3-6 


weeks as whole breast external beam radiotherapy – EBRT (comparator). 


Methods  


The economic analysis used a state transition Markov model approach to simulate the 


treatment outcomes in breast cancer patients up to time horizon of 20 years post-surgery for 


early breast cancer. The primary outcome of interest was quality adjusted life years gained 


(QALY). The analysis was conducted from the NHS health care payer’s perspective and to 


address decision uncertainty, probabilistic sensitivity analysis was performed. Probabilistic 


results were based on mean of 1000 simulations. PSA allows systematic propagation of 


uncertainty in all model parameters by assigning distributions to parameters and using a 


Monte Carlo simulation technique. A discount rate of 3.5% was applied to the future costs 


and effects.   


Results 


In the Base Case Analysis INTRABEAM was a dominant strategy yielding higher QALYs at a 


lower cost than the standard treatment of breast cancer using EBRT. Discounted EBRT and 


IORT costs for the time horizon of 20 years were £ 20, 926 and £ 14, 461 respectively. 


Discounted incremental QALY gained by use of IORT was 0.0069 QALY. Model results were 


robust to parameter uncertainty and probabilistic results were similar to the deterministic 


results. Application of the net monetary benefits (NMB) framework show higher NMB for 


INTRABEAM in all Monte Carlo simulations. Cost effectiveness acceptability curves show 


that INTRABEAM is cost effective at various thresholds of willingness to pay (WTP). 
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Conclusion 


INTRABEAM® is a cost effective strategy to treat early breast cancer patients in the UK. 


Implementation of this treatment could improve quality of life in these patients and could save 


valuable NHS resources in comparison to the current practice of EBRT in these patients.  
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Appendix 1: Patients‘ data of the studies presented 


 


Table 1:  J.S. Vaidya, F. Wenz, M. Bulsara, J.S. Tobias, D.J. Joseph, M. Keshtgar,  


H.L. Flyger, S. Massarut, ;M. Alvarado, C. Saunder, W. Eiermann, M. 


Metaxas, E. Sperk, M. Sütterlin, D. Brown, L. Esserman, M. Roncandin, A. 


Thompson, J.A. Dewar, H.M.R. Holtweg, S. Pigorsch, M. Falzon, E. Harris, A. 


Matthews, C. Brew-Graves, I. Potyka, T. Corica, N.R. Williams, M. Baum 


“Risk-adapted targeted intraoperative radiotherapy versus whole-breast 


radiotherapy for breast cancer: 5-year results for local control and overall survival 


from the TARGIT –A randomised trial” 


www.thelancet.com, Vol. 382, published online November 11, 2013 


 TARGIT (1721) EBRT (730)  


Age [years]     p=0,274 


≤50 150 9% 122 7%  


51-60 527 31% 548 32%  


61-70 781 45% 807 47%  


>70 263 15% 253 15%  


Pathological tumour size     p=0,273 


≤1cm 611 39% 597 39%  


1,1-2cm 751 48% 726 48%  


>2cm 190 12% 207 14%  


Unknown 169 10% 200 12%  


Grade     p=0,394 


1 528 35% 558 37%  


2 757 50% 720 48%  


3 232 15% 227 15%  


Unknown 194 11% 225 13%  


Lymphovascular invasion     p=0,224 


Abscent 1348 87% 1343 88%  


Present 194 13% 178 12%  


Unknown 179 10% 209 12%  


Nodes involved     p=0,091 


0 1307 83% 1303 85%  


1-3 219 14% 211 14%  


>3 43 3% 29 2%  


Unknown 152 9% 187 11%  


Table 1: Patient and tumour characteristics 
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 TARGIT (1721) EBRT (730)  


ER status     p=0,090 


ER +ve 1441 92% 1433 94%  


ER -ve 120 8% 99 7%  


ER Unknown 160 9% 198 12%  


PgR status     p=0,179 


PgR  +ve 1232 81% 1230 82  


PgR  -ve 289 19% 265 18%  


PgR unknown 200 12% 235 14%  


HER 2 receptor     p=0,585 


Positive 170 11% 178 12%  


Negative 1329 89% 1309 88%  


Unknown 222 13% 243 14%  


Table 1: Patient and tumour characteristics (continued) [ 


 


Table 2:  R. Elliott, M. DeLand, J.F. Head, M.C. Elliott 


“Accelerated partial breast irradiation: initial experience with the Intrabeam 


system” 


Surgical oncology 2011, 20, 73-79. 


Age <50 year n=10 


 >50 years n=57 


 60 years median 


Tumour size 1,2 cm with T1 tumour n=50 


 1,2 cm with T2 tumours n=10 


Table 2: Patients’ and tumour characteristics 
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Table 3: J.L. Deneve, R.A. Hoefer jr, E.E.Harris, C. Laronga 


“Accelerated partial breast irradiation: a review and description of an early North 


American surgical experience with the intrabeam delivery system” 


Cancer Control. 2012 Oct;19(4):295-308. 


Variable N Variable  N 


Age (median in years) (range) 71 (54-88) Tumour classification  


Primary tumour location (quadrant)  Tis 1 (2%) 


Central 6 (14%) T1a 3 (7%) 


Upper outer 28 (67%) T1b 23 (55%) 


Upper inner 4 (10%) T1c 13 (31%) 


Lower outer 3 (7%) T2 2 (5%) 


Lower inner 1 (2%) Tumour grade   


Histology  Low 18% (43%) 


Ductal carcinoma in situ 1 (2%) Intermediate 23 (55%) 


Invasive ductal carcinoma 38 (91%) High 1 (2%) 


Invasive lobular carcincoma 2 (5%) Nodal status (n=40)  


Associated ductal carcinoma in situ 27 (64%) NOi- 36 (86%) 


Tumour size (median [cm], range) 1,0 (0,2-3,5) N1 4 (10%) 


Table 3:  Demographic and histopathology for 42 patients undergoing intraoperative radiotherapy with 


 INTRABEAM 
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Table 4: M.R.S. Keshtgar, N.R. Williams, M. Bulsara, C. Saunders, H. Flyger, 


J.S. Cardoso, T. Corica, N.Bentzon, N.V. Michalopoulos, D.J. Joseph 


“Objective assessment of cosmetic outcome after targeted intraoperative 


radiotherapy in breast cancer: results from a randomised controlled trial” 


Breast Cancer Res. Treat 2013, 140, 519-525. 


Parameter  TARGIT EBRT 


Patient characteristics Number of patients in this study 178 164 


 From Perth (Australia) 51 53 


 From Copenhagen (Denmark) 127 111 


 Age at randomization (years), mean (SD) 63,6 (6,7) 63,2 (6,3) 


 Height (cm) mean (SD) 166 (6,1) 165 (5,7) 


 Weight (kg) mean (SD) 72,3 (12,8) 72,3 (14,3) 


 Body Mass Index (kg/m
3
) mean (SD) 26,4 (4,7) 26,7 (5,3) 


Tumour characteristics Specimen weight (g), mean (SD) 40,5 (25,1) 37,4 (19,7) 


 Tumor size (mm) mean (SD) 10,3 (4,8) 10,6 (4,1) 


 Laterality: right (%) 89 (50) 80 (49) 


 Laterality: left (%) 89 (50) 84 (51) 


 Screen detected: yes 123 (69) 110 (67) 


 Screen detected: no 55 (31) 54 (33) 


Tumour grade 1 (%) 118 (66) 106 (65) 


 2 (%) 40 (23) 38 (23) 


 3 (%) 3 (2) 6 (4) 


 Unknown (%) 17 (10) 14 (9) 


Treatment: Incision type Circumferential (%) 113 (65) 93 (58) 


 Transverse (5) 27 (16) 17 (11) 


 Circumareolar (%) 7 (4) 11 (7) 


 Radial (%) 27 (16) 38 (24) 


Treatment: Chemotherapy No (%) 178 (100) 164 (100) 


Treatment: Adjuvant 


hormonal therapy 


Yes (%) 72 (40) 74 (45) 


 No (%) 106 (60) 90 (55) 


Follow-up Median Follow-up (years) (interquartile range) 2,0 (1,1-2,7) 2,0 (1,1-2,7) 


Table 4: Patient, tumour and treatment characteristics  
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Table 5: S. Grobmyer, J.L. Lightsey, C.M.Bryant, C. Shaw, A. Yeung, N. Bhandare,  


B. Hithichingham, E.M. Copeland 


“Low-kilovoltage, single –dose intraoperative radiation therapy for breast cancer: 


results and impact on a multidisciplinary breast cancer program” 


J Am. Coll. Surg. 2013, 216), 617-623. 


Characteristics  n % 


Age [year] Younger than 50 2 3 


 50 to 59 18 23 


 60 to 69 29 37 


 70 or older 29 37 


Ethnicity White 64 82 


 Black 6 7,7 


 Hispanic 5 6,4 


 Asian 1 1,4 


 Other 2 2,6 


Laterality Left 42 52,5 


 Right 38 47,5 


Histology DCIS 4 5 


 Invasive Ductal 69 86 


 Invasive lobular 3 4 


 Other 4 5 


Clinical stage 0 4 5 


 IA 72 90 


 IIA 3 3,7 


 Recurrent 1 1 


Pathological stage 0 4 5 


 IA 61 76 


 IB 3 4 


 IIA 9 11 


 Other 
*)
 3 4 


Hormone receptor status ER/PR+ 72 90 


 ER/PR- 7 9 


 NR 1 1 


HER2/neu status Positive 5 6,5 


 Negative 67 88 


 NR 4 5 


*)
 Stage IIB, 1; IIIA, 2, Table 5 : Patient characteristic 
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Table 6: M.R.S. Keshtgar, S. Tobias, F. Wenz, D. Joseph, C. Stacey, M.G. Metaxas, A. 


Keller, T. Corica, N.R. Williams, M. Baum M.  


“Targeted intraoperative radiotherapy for breast cancer in patients in whom 


external beam radiation is not possible” 


Int J Radiation Oncology Biol Phys. 2011 80(1), 31-38. 


Characteristic Nonrecurrent 


breast cancer 


(n=62) 


Recurrent breast 


cancer (n=18)
*)
 


All (n=80) 


Age  


(at time of surgery 


≤50 6 2 8 


 >50 56 16 72 


T size <2cm 44 16 60 


 2-5cm 17 2 19 


 >5cm 0 0 0 


 unknown 1 0 1 


Grade 1 21 4 25 


 2 28 9 37 


 3 11 4 15 


 unknown 2 1 3 


Node status Node negative 44 11 55 


 Node positive 9 0 9 


 Unknown 9 7 16 


*) Patient and tumour characteristics at the time of IORT, not the initial surgery 


Table 6: Patient and tumour characteristics 


Table 7: F. Wenz, G. Welzel, E. Blank, B. Hermann, V. Steil, M. Sütterlin, U. Kraus-


Tiefenbacher 


Intraoperative radiotherapy as a boost during breast conserving surgery using 


low-kilovoltage experience: the first 5 years of experience with a novel approach 


Int J Radiation Oncology Biol. Phys. 2010, 77(5), 1309-1314. 


Age Median: 63 years (range, 30-83 years) 


Tumour stage  


T1 n=100 


T2 n=55 


Nodal involvement  


N0 n=108 


N1 n=34 


N2 n=11 


N3 n=2 
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Table 31: Patients characteristics 


Table 8:  J.S. Vaidya, M. Baum, J.S. Tobias, F. Wenz, S. Massarut, M. Keshtgar, 


B. Hilaris, C. Saunders, N.R. Williams, C. Brew-Graves, T. Corica, 


M. Roncadin, U. Kraus-Tiefenbacher, M. Sütterlin, M. Bulsara, D. Joseph  


“Long-term results of targeted intraoperative radiotherapy (Targit) boost during 


breast-conserving surgery” 


Int J Radiat Oncol Biol Phys. 2011 Nov 15;81(4):1091-97.  


Age  Tumour grade 


≤40 21 1 67 


41-45 24 2 146 


46-50 50 3 86 


51-55 34 Unknown  


56-60 45 Lymph nodes  


61-65 44 Negative 204 


66-70 40 Positive 87 


71-75 27 Unknown 9 


>75 14   


Pathological tumour size   


<1cm 63   


1-2cm 172   


2,1-3cm 52   


>3cm 9   


Unknown 4   


Table 8: Patients and tumour characteristics 


 


Table 9 U. Kraus-Tiefenbacher, G. Welzel,  L. Brade, B. Hermann, K. Siebenlist, 


K.S. Wasser, F.S. Schneider, M. Sütterlin, F. Wenz 


„Postoperative seroma formation after intraoperative radiotherapy using low kilo-


voltage X-ray given during breast conserving surgery“ 


Int. J. Radiation Oncology Biol. Phys. 2009, 1-6 


Characteristics IORT NO-IORT 


n n=71  


(73 breasts treated) 


n=86  


(88 breasts treated) 


Breast conserving surgery n=73 n=88 


Invasive cancer n=73 n=75 


Ductal carcinoma in situ n=0 n=13 


Median breast volume 1263,9ml 1088,6ml 


Body mass index 27,3kg/cm
3
 (median) 24,9kg/cm


3
 (median) 
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Table 9: Patients’ characteristics 


 


Table 10:  B.H. Chua, M.A. Henderson,  A.D.Milner 


“Intraoperative radiotherapy in women with early breast cancer treated by breast 


conserving therapy” 


ANZ J Surg 2011, 81, 65-69.  


Characteristic Category Number % 


Age at registration [years] Median 56,5  


 Range 39-83  


Menopausal status Pre 19 32 


 Post 41 68 


 Yes 39 65 


Tumour detected by mammography only Yes 39 65 


Laterality of tumour Right 26 43 


 Left 34 57 


Location of tumour Upper outer 27 45 


 Lower outer 3 5 


 Upper inner 12 20 


 Lower inner 2 3 


 Upper central 7 12 


 Lower central 4 7 


 Outer 4 7 


 Unknown 1 2 


Radiologic tumour size [mm] Median 10  


 Range 1-35  


Clinical T stage T1 55 92 


 T2 5 8 


Clinical N stage N0 60 100 


Diabetes No 55 92 


 Yes 5 8 


Tobacco history Never smoked 38 63 


 Ex smoker 15 25 


 Current smoker 7 12 


Adjuvant chemotherapy Yes 13 22 


Adjuvant endocrine therapy Yes 37 62 


Table 10: Clinical characteristics of registered patients 
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Table 11: G. Welzel, A. Boch, E. Sperk, F. Hofmann, U. Kraus_Tiefenbacher,  


A. Gerhardt, M. Suetterlin, F. Wenz 


„Radiation-related quality of life parameters after targeted intraoperative 


radiotherapy versus whole breast radiotherapy in patients with breast cancer: 


results from the randomized phase III trial TARGIT-A 


Radiation Oncology 2013, 8:9 


 TARGIT-A  EBRT + Boost 


 IORT 


(n=25) 


EBRT 


(n=46) 


IORT-EBRT 


(n=16) 


p* IORT Boost 


(n=90) 


EBRT boost 


(n=53) 


p** 


Age [years]        


Mean 65,5 62,5 61,8 0,276 60,1 49,9 <0,001 


SD 8,5 8,2 6,0  11,1 9,2  


Married /partnered 14 (58%) 22 (48%) 13 (81%) 0,006 58 (64%) 39 (76%) 0,191 


Employed 4 (16%) 9 (20%) 0 (0%) 0,185 27 (31%) 31 (60%) <0,001 


Months since  BCS        


Means 32,7 30,6 35,6 0,641 34,2 47,5 <0,001 


SD 19,1 17,2 19,6  13,7 7,4  


Tumour size        


0-1cm 8 (32%) 14 (30%) 3 (19%) 0,376 13 (14%) 6 (11%) 0,414 


1-2cm 16 (64%) 25 (34%) 9 (56%)  49 (54%) 23 (43%)  


>2cm 1 (4%) 7 (15%) 4 (25%)  28 (31%) 24 (45%)  


Nodal involvement        


N0 23 (92%) 36 (78%) 14 (88%) 0,622 66 (73%) 34 (65% 
a)


) 0,253 


N1 2 (9%) 9 (20%) 2 (12%)  20 (22%) 11 (21%)  


>N1 0 (0%) 1 (2%) 0 (0%)  4 (4%) 7 (13%)  


ALND 4 (16%) 14 (30%) 4 (25%) 0,409 55 (61%) 41 (79% 
a)


) <0,001 


Chemotherapy 4 (17%) 5 (11%) 2 (12%) 0,908 18 (20%) 36 (68%) <0,001 


Endocrine therapy 23 (26%) 40 (93%) 13 (81%) 0,322 70 (78%) 36 (86%) 0,349 


Radiotherapy of 


supra- and infra-


clavicular nodes 


0 (0%) 2 (4%) 0 (0%) 0,693 7 (8%) 10 (19%) 0,049 


Medical 


comorbidities ≥2 
b)


 


14 (56%) 37 (80%) 11 (69%) 0,091 49 (54%) 9 (17%) <0,001 


a)
 One patient without axillary assessment 


b)
 Coexisting medical conditions were assessed by medical record review and by patient self-report. A 


medical comorbidity was defined s having two or more physical illness or injuries that needed long-term 


treatment 


Table 11: Patient characteristic (as treated) (continued) 
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Table 12:  M.D. Alvarado, J. Conolly, C. Park, T. Sakata, A.J. Mohan, B.L. Harrison, 


 M. Hayes, L.J. Esserman, E.M. Ozanne 


 “Patients preferences regarding intraoperative versus external beam 


radiotherapy following breast-conserving surgery” 


Breast Cancer Res Treat 2013 


Characteristics Number of patients Percentage of patients 


Age at diagnosis   


≤45 n=18 22,2% 


46-60 n=43 53,1% 


>60 n=20 24,7% 


Tumour grade   


Low n=15 18,5% 


Intermediate n=18 22,2% 


High  n=6 7,41% 


Unknown n=42 51,9% 


Previous radiation therapy n=60 74% 


Future radiation therapy planned n=16 20% 


Table 12: Selected patient data 
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Table 13:  S.C. Darby, M. Ewertz, P. McGale, A.M. Bennet, U. Blom-Goldman, 


D. Brønnum, C. Correra, D. Cutter, G. Gagliardi, B. Gigante, M.-B. Jensen, 


A. Nisbet, R. Peto, K. Rahimi, C. Taylor, P. Hall 


 “Risk of ischemic heart disease in women after radiotherapy for breast cancer” 


 N Engl J Med 2013 (386;11) 987-998. 


Characteristic Radiation dose to the 


heart [Gy] 


Increase in rate of 


major coronary 


event (95% CI) 


p-value for 


heterogeneity 


Characteristics used for selection of matched controls 


Country 0,38 


Sweden 5,4 ± 5,7 5,7 (1,2 to 13,7)  


Denmark 4,4 ± 2,7 11,2 (2,5 to 30,7)  


Age at diagnosis of breast cancer [year] -0,99 


20-39 4,7 ± 4,8 -1,5 (< -25,3 to 616)  


40-49 4,9 ± 4,8 6,3 (-2,0 to  41,3)  


50-59 5,1 ±4,8  7,1 (0,4 to 22,2)  


60-69 4,8 ± 4,2  7,8 (1,7 to 19,7)  


70-74 4,9 ±3,1 9,7 (-2,9 to 116)  


Year of breast-cancer diagnosis 


1958-1969 3,7 ± 4,1 6,6 (-0,2 to 20,7)  


1970-1979 7,3 to 6,3 20,4 (5,4 to 79,2)  


1980-1989 4,9 ± 3,6 0,8 (-2,8 to 8,7)  


1990-2001 4,2 ± 2,7 11,8 (-0,1 to 56,2)  


Tumour characteristics  


Nodal status   0,26 


Negative 4,8 ± 4,4 4,0 (-1,0 to 14,1)  


Positive 5,0 ± 4,3 11,8 (2,7 to 33,6)  


Size   0,24 


<2cm 4,9 ± 4,2 20,4 (3,6 to 98,3)  


2-5cm 4,9 ±4,5 6,9 (1,1 to 18,0)  


Location   0,17 


Outer quadrants 4,4 ± 2,8 10,0 (1,1 to 32,8)  


Inner quadrants 4,8 ± 3,5 - 2,1 (< -6,9 to 21,2)  


Laterality of breast cancer   0,88 


Right 2,9 ± 2,5 5.0 (-2,2 to 22,5)  


Left 6,6 ± 4,9 4,1 (-0,4 to 13,8)  


Table 13:   Characteristics of the women in the study at the time of breast cancer diagnosis and association 


 between the characteristics and the subsequent rate of major coronary events  
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Characteristic Radiation dose to the 


heart [Gy] 


Increase in rate of 


major coronary 


event (95% CI) 


p-value for 


heterogeneity 


Cancer treatment   0,59 


Surgery    


Mastectomy 5,1 ± 4,7 8,7 (3.2 to 18.0)  


Breast-conserving surgery 4,3 ± 3,1 14,9 (-0,1 to 77,6)  


Adjuvant hormonal therapy   0,55 


No 5,0 ± 4,5 7,6 (2,9 to 15,2)  


Yes 4,6 ± 3,3 -0,4 (< 6,7 to 70,2)  


Ovarian ablation    0,94 


No 4,9 ± 4,2 5,5 (1,1 to 12,9)  


Yes 4,3 ± 4,2 6,5 (< -3,6 to 77,7)  


Factors associated with subsequent 


major coronary events 


   


No 5,1 ± 4,7 7,4 (1,8 to 17,8)  


Yes 4,6 ± 4,1 7,4 (1,1 to 19,5)  


Other medications   0,58 


No 4,8 ± 4,1 8,4 (1,9 to 21,3)  


Yes 4,7 ± 3,6 2,8 (- 4,3 to 47,3)  


Death of case patient from 


ischemic heart disease  


  0,81 


No 4,9 ± 4,2 8,0 (2,3 to 17,2)  


Yes 4,9 ± 4,5 7,2 (2,4 to 14,9)  


Cardiology record of case 


patient reviewed 


  0,60 


Yes 4,5 ± 3,1 9,2 (1,8 to 21,7)  


No 5,1 ± 4,8 7,0 (2,5 to 14,2)  


All women 4,9 ± 4,4 7,4 (2,9 to 14,5)  


Table 13:   Characteristics of the women in the study at the time of breast cancer diagnosis and association 


 between the characteristics and the subsequent rate of major coronary events (continued) 
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19th December 2013 


Dear  


Please accept Breast Cancer Care’s submission on the MTA INTRABEAM Photon 
Radiosurgery System for the adjuvant treatment of early breast cancer. 


If you require any further information please contact me.  


 


Kind regards 


 


Jackie Harris 
Clinical nurse specialist 
 


 


  







 


 


 


 


MTA INTRABEAM Photon Radiosurgery System for the adjuvant treatment of early 
breast cancer  


 


Patient/carer representative 
Breast Cancer Care is the UK’s leading provider of information, practical assistance and 
emotional support for anyone affected by breast cancer. For over 30 years we have brought 
people together, provided information and support, and campaigned for improved standards 
of care. We use our understanding of people's experience of breast cancer and our clinical 
expertise in everything we do. 


Our vision is that every person affected by breast cancer will get the best treatment, 
information and support throughout their experience of breast cancer. We reach many 
thousands of people every year through a wide range of services, including one to one 
telephone peer support provided by our many volunteers. We also work closely with health 
and social care professionals to support the delivery and planning of excellent patient care. 


 


Benefits  
Breast Cancer Care welcomes this appraisal. However we appreciate that this technology 
only applies to a small select/suitable group and not to all women requiring radiotherapy 
following breast conserving surgery for early breast cancer.  


We frequently hear from women with breast cancer using our services, about their concerns 
about having whole breast radiotherapy: 


 Practical implications – length of time, care of children, travel to and from hospital, 
use of hospital transport – early pick up and late return home, accommodation (due 
to distance) which can create a feeling of loneliness and isolation and work 
commitments 


 Cost implications – bus, train, taxi, parking daily (5/7) for 3-5 weeks and fuel costs 


 Side effects – fatigue  


These concerns will not be an issue for those suitable to receive the Intrabeam Photon 
Radiosurgery System as a single treatment modality during their surgery. This will have a 
positive health-related benefit, by avoiding any further inconvenience, cost and morbidity that 
women experience from having whole breast radiotherapy. This will enable these women to 
move forward and recover sooner following their treatment. 


 


 







 


 


 


 


We know form our users how radiotherapy to the breast can be troublesome, with skin 
reactions causing pain and discomfort and in some situations delaying the completion time 
of treatment. Technical issues with the linear accelerators affecting their treatment schedules 
and delaying completion times, which can cause a lot of stress and anxiety, as this will 
impact on their lives and possible a cost implication due to delay in returning back to work 
and can create additional concerns about recurrence of the cancer. Being eligible to have 
the single dose treatment of the INTRABEAM Photon Radiosurgery System, there won’t be 
any ongoing technology concerns or set backs and the side effects are likely to less for the 
majority. 


 


Concerns 
Although Breast Cancer Care welcomes this appraisal, we are concerned about the two 
different methods of delivery - as an alternative to whole breast radiation or as boost before 
whole breast radiation - being clearly explained to the patient prior to surgery, so they are 
fully informed before giving consent. 


We know from women using our services that there can be confusion and concern when 
they learn that they need further treatment (and in some cases when they don’t need as 
much treatment), exacerbating their fears and anxiety about recurrence and prognosis. 
There needs to be clear information given to the patients prior to surgery, about the 
possibility of the additional external beam radiotherapy to the whole breast which is 
dependent on the histology/pathology analysis/report.  The guidance must highlight the 
importance of providing clear and through information prior to the patient agreeing to be 
considered for the single dose treatment. 


Breast Cancer Care believes a clear description of the select/suitable group of who will 
eligible for this treatment modality (Vaidya 2013) should be outlined in the guidance. 


We believe it is important to continue to collate the data on those who have been treated 
with INTRABEAM in both modalities (as an alternative to whole breast radiation and in 
addition to whole breast radiation), so we can continue to learn more about the benefits and 
risks of the INTRABEAM system and whether there is a long term benefit to the outcomes 
being measured. The guidance must be clear in requesting clinicians  to collect this 
information. 


 


Vaidya J S et al (2013) Risk-adapted targeted intraoperative radiotherapy versus whole-breast radiotherapy for 
breast cancer: 5-year results for local control and overall survival from the TARGIT-A randomised trial. The 
Lancet vol 382 Published online November  


 





















Multiple Technology Appraisal (MTA): INTRABEAM Photon Radiosurgery System for the 
adjuvant treatment of early breast cancer [ID618] 


Professional organisation statement on behalf of the NCRI Breast Clinical Studies (CSG) 
Group, Royal College of Physicians (RCP) and Association of Cancer Physicians (ACP) 


Summary statement: 


Our experts recognise the need for patient choice, but do not recommend the use 
of the INTRABEAM Photon Radiosurgery System for the adjuvant treatment of early 
breast cancer outside a research study with the appropriate ethical approval. The 
overriding reason for this is the inadequate median follow up of the whole TARGIT 
trial group, which questions the validity of the reported results.  


 


Response to specific questions: 


What is the expected place of the technology in current practice? 


The INTRABEAM Photon Radiosurgery System may have a place for the treatment 
of partial breast radiotherapy and breast boost radiotherapy in the future. 
Currently, partial breast radiotherapy is not recommended as standard practice in 
the UK using ANY technology as the mature results (at least 5 years median follow 
up and ideally 10 years) of randomised trials are still required. Adequate follow up 
is particularly pertinent these group patients at lower risk of recurrence, as the local 
recurrence rates has been shown to be similar in the 5-10 years after treatment as 
the initial 5 years (Rakha, E.A., et al. J Clin Oncol, 2008 and Hughes K.S et al. J Clin 
Oncol, 2013). 


 


How is the condition currently treated in the NHS? Is there significant geographical 
variation in current practice? Are there differences of opinion between professionals 
as to what current practice should be? What are the current alternatives (if any) to 
the technology, and what are their respective advantages and disadvantages? 


Early breast cancer following breast conserving surgery is currently treated with 
whole breast radiotherapy ± boost to the tumour bed using external beam 
radiotherapy (EBRT). All radiotherapy centres in the UK have access to EBRT 
equipment. The advantages of the current practice are that it is accessible to all 
patients, it is relatively cheap and there is a huge workforce trained in its use 
(radiographers, physicists & oncologists).  


 


EBRT can also be used easily to deliver partial breast radiotherapy as well as whole 
breast RT ± boost, if this becomes standard practice in the future. Standard whole 
breast radiotherapy using EBRT consists of 15 fractions of treatment over 3 weeks, 
but current trials are recruiting ahead of schedule to test a 1 week treatment (just 5 
treatments) within the national FAST Forward study. 


 


In the future, it is likely that a group of patients with very low risk of recurrence will 
be reliably identified, in whom radiotherapy can be omitted completely (thus the 
possible side effects and cost of radiotherapy are avoided). This is suggested by the 
mature of randomised trials comparing breast conservation surgery with and 
without radiotherapy: 







Firstly, the BASO II trialists have recently reported the 10 year outcomes following 
radiotherapy and/or tamoxifen after BCS for breast cancers of excellent prognosis 
(defined as primary invasive cancer <2cm, grade 1 or good prognosis special type, node 
negative with clear margins following BCS). Actuarial analysis of patients entered into 
the four-way randomisation showed that local relapse after wide local excision alone 
was 1.9% per annum compared with 0.7% after WLE followed by  radiotherapy alone 
and 0.8% when followed by tamoxifen alone. None of the 98 women randomised to 
both treatments experienced a local recurrence. Analysis by treatment received 
showed local relapse at 2.2% per annum for surgery alone versus 0.8% for either 
adjuvant radiotherapy or tamoxifen and 0.2% for both treatments. However, there 
were only 213 patients in the tamoxifen group (no radiotherapy), so comparisons are 
under powered to reliably detect or exclude clinically meaningful differences in 
outcome. 


Secondly, the CALGB C9343 evaluated radiotherapy in low risk patients ≥70 years: local 
relapse rates at 5 years were 1% and 4% (p<0.001) with and without radiotherapy. At 
median follow up of 10.5 years, the difference in local relapse widened in favour of 
radiotherapy: 2% versus 9% with and without radiotherapy respectively. However, the 
study lacks the statistical power to carry out a subgroup analysis to identify a lower risk 
group with more favourable histology. Despite the small excess of local relapse without 
radiotherapy, there were no differences in the mastectomy, metastases or overall 
survival rates at 10 years following primary surgery.  


Lastly, the PRIME II trial randomised 1479 good prognosis breast cancer patients 
(defined as aged ≥65 years with primary invasive cancer ≤3cm, grade 1/2, node 
negative with clear margins following BCS). Recent early results shows 1.3% and 4.1% 
local relapse rates by 5 years with and without radiotherapy (San Antonio Breast 
Symposium, 2013). The authors state that mature 10 year data will be presented in due 
course, which will add to the growing body of evidence suggesting that avoidance of 
breast radiotherapy in certain subgroups of patients is a safe alternative to 
radiotherapy. It is likely that further studies will be required in order to show 
definitively which patients can avoid radiotherapy. 


Are there any subgroups of patients with the condition who have a different 
prognosis from the typical patient? Are there differences in the capacity of different 
subgroups to benefit from or to be put at risk by the technology? 


Breast cancer patients with early disease have a large variation in prognosis, but the 
current recommendations (NICE 2009) are for whole breast radiotherapy ± boost for 
all patients following breast conservation surgery. It is likely in the future that lower 
risk patients may benefit from just partial breast radiotherapy or even no 
radiotherapy (see above), but these non-standard treatments should currently be 
within research studies. 


 


In what setting should/could the technology be used – for example, primary or 
secondary care, specialist clinics? Would there be any requirements for additional 
professional input (for example, community care, specialist nursing, other healthcare 
professionals)? 


The INTRABEAM Photon Radiosurgery System could be used within the tertiary care 
setting (oncology centres). Additional training would be required for breast 
surgeons, oncologists, physicists and radiographers. 







 


If the technology is already available, is there variation in how it is being used in the 
NHS? Is it always used within its licensed indications? If not, under what 
circumstances does this occur? 


The INTRABEAM Photon Radiosurgery System should currently only be used as part 
of ethically approved research studies. 


 


Please tell us about any relevant clinical guidelines and comment on the 
appropriateness of the methodology used in developing the guideline and the specific 
evidence that underpinned the various recommendations. 


Clinical guidelines are part of the TARGIT trial protocol (see below). 


 


The advantages and disadvantages of the technology 


NICE is particularly interested in your views on how the technology, when it becomes 
available, will compare with current alternatives used in the UK. Will the technology 
be easier or more difficult to use, and are there any practical implications (for 
example, concomitant treatments, other additional clinical requirements, patient 
acceptability/ease of use or the need for additional tests) surrounding its future use? 


If appropriate, please give your view on the nature of any rules, informal or formal, 
for starting and stopping the use of the technology; this might include any 
requirements for additional testing to identify appropriate subgroups for treatment 
or to assess response and the potential for discontinuation. 


If you are familiar with the evidence base for the technology, please comment on 
whether the use of the technology under clinical trial conditions reflects that 
observed in clinical practice. Do the circumstances in which the trials were conducted 
reflect current UK practice, and if not, how could the results be extrapolated to a UK 
setting? What, in your view, are the most important outcomes, and were they 
measured in the trials? If surrogate measures of outcome were used, do they 
adequately predict long-term outcomes? 


 


The current evidence for the use of this technology is: Vaidya JS et al; on behalf of 
the TARGIT trialists' group. Risk-adapted targeted intraoperative radiotherapy 
versus whole-breast radiotherapy for breast cancer: 5-year results for local control 
and overall survival from the TARGIT-A randomised trial. Lancet. 2013 Nov 8. pii: 
S0140-6736(13)61950-9. doi: 10.1016/S0140-6736(13)61950-9. [Epub ahead of 
print].  


 


This manuscript suggests non-inferiority for local recurrence at 5 years using this 
technology, but median follow-up in the trial overall is only 2 years 5 months and 
only 611/3451 patients have ≥5 years of follow-up. Local recurrence risk continues 
for many years following breast cancer treatment, so a median follow up of 5 years 
for the whole cohort would be a minimum requirement to assess the efficacy of this 
technology. 


 
In addition, there are major criticisms of the statistical analyses, which are also likely to 
affect the validity of the presented results. In summary: 



http://www.ncbi.nlm.nih.gov/pubmed/24224997

http://www.ncbi.nlm.nih.gov/pubmed/24224997

http://www.ncbi.nlm.nih.gov/pubmed/24224997





1. Survival analysis has been used to test inferiority of local recurrence, but the 
median follow-up for the trial is only 2 years and 7 months. 


2. Comparison of binominal proportions has also been used to test inferiority of 
local recurrence, but due to the inadequate follow up, the number of relapses 
are likely to be considerably less than expected with a median follow up of 5 
years. 


3. The authors try to address the issue of inadequate follow up by presenting 
results for 3 cohorts of patients with varying lengths of median follow-up: it is 
stated that the results illustrate the stability of the treatment effect over time. 
This is flawed as the cohorts are nested within each other and so in effect, the 
patients with the longest follow-up have been analysed three times. 


 


What is the relative significance of any side effects or adverse reactions? In what ways 
do these affect the management of the condition and the patient’s quality of life? Are 
there any adverse effects that were not apparent in clinical trials but have come to 
light subsequently during routine clinical practice? 


 


The frequency of any complications and major toxicity was similar in the two groups in 
the TARGIT trial (Vaidya JS et al, lancet 2010). For major toxicity, targeted 
intraoperative radiotherapy, 37 [3·3%] of 1113 vs EBRT, 44 [3·9%] of 1119; p=0·44). 
Radiotherapy specific toxicity (Radiation Therapy Oncology Group grade 3) was lower 
in the targeted intraoperative radiotherapy group (six patients [0·5%]) than in the EBRT 
group (23 patients [2·1%]; p=0·002). This is to be expected due to the much smaller 
volume of breast treated to a much lower dose in the targeted intraoperative 
radiotherapy group. However, the combination of targeted intraoperative radiotherapy 
and whole breast radiotherapy produced extremely high levels of late normal tissue 
fibrosis: in the sub-analysis (Arm A IORT vs. Arm A IORT + WBRT vs. Arm B WBRT), 
fibrosis had a cumulative rate of 5.9 versus 37.5 versus 18.4 %, respectively at 3 years 
(Sperk E et al, Breast Cancer Res Treat 2012). This high level of toxicity raises concerns 
about the use of targeted intraoperative radiotherapy as a boost treatment in 
combination with whole breast radiotherapy compared with an EBRT boost (Bartelink 
H et al, Journal of Clin Oncol 2007). 


 


The recent Lancet 2013 publication suggests that the standard EBRT treatment arm 
causes a “very large excess” of non-breast cancer deaths compared with the 
targeted intraoperative radiotherapy group. Radiation exposure as causation is very 
unlikely, despite the p-value.  Darby et al (NEJM 2013), report that major cardiac 
event (MCE) risk was shown to increase by 7% per Gy of mean heart dose, with no 
lower dose threshold. Based on expected median heart doses in the TARGIT 
standard group, EBRT cannot explain more than 1 of the 11 cardiovascular deaths (8 
cardiac deaths, 2 strokes and 1 ischaemic bowel). This is the case even if all cardiac 
deaths occurred in patients with left-sided cancers (this information is not 
provided). The explanation for excess cardiovascular deaths is either imbalance 
between groups in relevant risk factors at presentation or under-reporting of 
cardiovascular deaths in the test group.  


It is also not credible to attribute the excess number of cancer deaths in the EBRT group 
(16 vs. 8) to treatment. For example, the National Surgical Adjuvant Breast Protocols B-
04 and B-06, testing radiotherapy after surgery for early breast cancer followed up 







1665 patients for a median of 21.4 years after randomisation +/- locoregional 
radiotherapy after mastectomy. This study confirmed a small excess (n=6) of primary 
lung cancer up to 25 years after EBRT (this effect took 10 years to emerge). The excess 
was attributed to large anterior radiotherapy beams used to treat axilla and 
supraclavicular fossa (not used in the TARGIT trial). No excess of primary lung cancers 
was seen among 1261 patients in the B-06 trial at a median of 19 years after 
randomisation +/- whole breast EBRT following tumour excision. The TARGIT authors 
offered no information on tumour site (lung is by the commonest breast radiation-
induced cancer) or interval from randomisation to second cancer diagnosis. Finally, 
follow-up in the TARGIT trial is likely to be far too short for induction of cancer by 
EBRT. 


Any additional sources of evidence 


Can you provide information about any relevant evidence that might not be found by 
a technology-focused systematic review of the available trial evidence? This could be 
information on recent and informal unpublished evidence, or information from 
registries and other nationally coordinated clinical audits. Any such information must 
include sufficient detail to allow a judgement to be made as to the quality of the 
evidence and to allow potential sources of bias to be determined. 


No 


 


Implementation issues 


The NHS is required by the Department of Health and the Welsh Assembly 
Government to provide funding and resources for medicines and treatments that 
have been recommended by NICE technology appraisal guidance. This provision has 
to be made within 3 months from the date of publication of the guidance. 


If the technology is unlikely to be available in sufficient quantity, or the staff and 
facilities to fulfil the general nature of the guidance cannot be put in place within 3 
months, NICE may advise the Department of Health and the Welsh Assembly 
Government to vary this direction. 


Please note that NICE cannot suggest such a variation on the basis of budgetary 
constraints alone. 


The INTRABEAM Photon Radiosurgery System is currently only available in a small 
number of centres compared with the total number of UK radiotherapy centres. The 
INTRABEAM Photon Radiosurgery System, if implemented widely, would have a 
considerable negative impact on surgical theatre time as each treatment takes 
around 30 minutes. This is likely to be expensive given the amount of personnel 
required to run each theatre (average theatre cost £800 per hour: Cambridge 
University Hospitals NHS Foundation Trust) regardless of whether time is spent 
operating or not. It may also increase waiting times for breast cancer surgery. It is 
unrealistic that this system would replace the need for EBRT as the majority of early 
breast cancer patients are likely to still need whole breast radiotherapy in the 
future. Therefore, one new type of technology would not simply replace another. 


 


How would possible NICE guidance on this technology affect the delivery of care for 
patients with this condition? Would NHS staff need extra education and training? 
Would any additional resources be required (for example, facilities or equipment)? 







Considerable additional training would be required for breast surgeons, oncologists, 
physicists and radiographers at each centre. 


 


 


Equality 


NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this appraisal:   


 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which [the treatment(s)] 
is/are/will be licensed;  


 - could lead to recommendations that have a different impact on people protected 
by the equality legislation than on the wider population, e.g. by making it more 
difficult in practice for a specific group to access the technology;  


 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   


Please tell us what evidence should be obtained to enable the Committee to identify 
and consider such impacts. 


No 
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This is to inform you that there is no evidence to submit on behalf of the Royal 
College of Nursing to inform on the above consultation. 
 
Thank you for the opportunity, we look forward to participating in the next stage of 
the process. 
 
Please acknowledge receipt. 
 
Kind Regards,  
 
 
 
The RCN represents nurses and nursing, promotes excellence in practice and shapes health 
policies 
 


 
The RCN represents nurses and nursing, promotes excellence in practice and shapes health 
policies 


 
Check out the new This is nursing website to find out how the RCN is promoting the 
profession and addressing the issues that face it. 
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NATIONAL INSTITUTE FOR HEALTH AND CARE 
EXCELLENCE 


Overview 


Intrabeam Radiotherapy System for the adjuvant treatment 
of early breast cancer 


This overview is a summary of: 


 the evidence and views submitted by the manufacturers, the consultees and 


their nominated clinical specialists and patient experts and  


 the assessment report.  


It highlights key issues for discussion at the first Appraisal Committee meeting 


and should be read with the full supporting documents for this appraisal.  


Please note that this document is a summary of the information available before 


comments on the assessment report have been received.  


Key issues for consideration 


Clinical effectiveness 


 The manufacturer and the Assessment Group identified 1 relevant clinical trial, 


TARGIT-A. This trial included a pre-pathology and a post-pathology group, both 


the manufacturer and the Assessment Group suggested that only data from the 


pre-pathology group matched the decision problem. The Assessment Group also 


noted that in TARGIT-A, non-inferiority was not established for the post-pathology 


group.  What is the Committee’s view on the pre-pathology and post-pathology 


groups? Does the Committee consider it appropriate to focus solely on the pre-


pathology group for the appraisal of Intrabeam?  


 The overall median follow-up in the trial was 2 years and 5 months and only 35% 


of the patients reached a median follow-up of 5 years. A professional group 


highlighted that they would not recommend the use of Intrabeam radiotherapy 
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system outside the context of a clinical trial because of the lack of robustness and 


immaturity of its clinical evidence. What is the Committee’s view on the follow-up 


duration in the trial? 


 Analysis of the primary outcome, local recurrence in the conserved breast, 


including all patients in TARGIT-A showed that the difference in local recurrence 


between Intrabeam and EBRT did not exceed the non-inferiority margin of 2.5%. 


Local recurrence rates were higher with Intrabeam than with EBRT in the overall 


population, pre-pathology group and post-pathology group. What is the 


Committee’s view on the local recurrence results from TARGIT-A? 


 Results of overall survival showed that the 5-year mortality cumulative risk was 


lower in people receiving Intrabeam than in people receiving EBRT. Breast cancer 


mortality rates were higher in people receiving Intrabeam than in people receiving 


EBRT. However, non-breast cancer mortality rates were lower in the Intrabeam 


group than in the EBRT group. The professional groups noted that it is not 


possible to confirm whether there would be any difference between Intrabeam and 


EBRT in terms of non-breast cancer deaths and highlighted that, although the 


results from TARGIT-A showed statistically significant differences between 


treatment groups, the excess of non-breast cancer deaths with EBRT compared 


with Intrabeam was not explained by a radiation or treatment exposure with 


EBRT. The Assessment Group did not consider that there was an excess of 


deaths in the EBRT group but a shortfall of deaths in the Intrabeam group 


because of chance or the slightly younger mean age of patients in this group. 


Consultees considered that the Assessment Group’s conclusion on a lower 


mortality in the Intrabeam group compared with the EBRT group because of 


chance or the possible younger age of people in the Intrabeam group was 


erroneous. They noted that mean age on both treatment groups was comparable, 


whole breast radiation is associated with cardiac toxicity and ionizing radiations 


which increase the subsequent rate of ischemic heart disease, and the inclusion 


of deaths because of ischemic bowel and stroke in the EBRT group would have 


increased the mortality rate because of cardiovascular death in this group. What is 


the Committee’s view on the overall survival results? 


 Neither the manufacturer nor the Assessment Group presented results on 


disease-free survival. The Assessment Group noted that the initial TARGIT-A 
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publication (2010) reported disease-free survival results but that this endpoint was 


not reported in the last trial publication (2014). However, the Assessment Group 


included other data from the 2010 publication in its report such as the rates of 


early complications. One consultee considered that it was more appropriate to use 


disease-free survival in the model and provided data on this outcome measure. 


What is the Committee’s view on the omission of this outcome? 


 Results from the safety analysis showed that there were more wound seroma 


complications in people receiving Intrabeam than in people receiving EBRT but 


radiotherapy-related complications, RTOG toxicity scope of grade 3 or 4, were 


less frequent in people receiving Intrabeam compared with people receiving 


EBRT. A professional group highlighted that in TARGIT-A, the quality control of 


the EBRT group was minimal and that variations in protocol commonly affect 


outcomes impacting on the differences between treatment groups (e.g. increased 


toxicity in the EBRT group).The Assessment Group noted further that the 


incidence of complications arising 6 months after randomisation was lower than 


the incidence of early complications in both treatment groups but highlighted that it 


was not clear whether these complications occurred in any of the same patients 


reporting early complications. What is the Committee’s view on the adverse effect 


profile of Intrabeam compared with EBRT? 


 Patient experts highlighted the benefits of Intrabeam to patients (e.g. treatment 


delivery at the same time of surgery, avoidance of continuous hospital visits and 


side-effects associated with conventional radiotherapy). What is the Committee’s 


view on the particular benefits of Intrabeam to patients compared with EBRT? 


 The professional groups noted that all radiotherapy centres in the UK have access 


to EBRT which has a relatively low cost and there are many clinical specialists 


trained in its use. The professional groups also noted that there are clinical trials in 


development studying the reduction of the scheduled treatment with EBRT from 


over 3 weeks to a 1 week treatment and other trials studying whether radiotherapy 


could be completely omitted in people with very low risk of recurrence. Does the 


Committee consider that clinical practice in the UK would change in the short 


term? What is the Committee’s view on the extent to which this change would 


impact on the appraisal of Intrabeam? 
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Cost effectiveness 


 The Assessment Group noted that the manufacturer did not conduct a systematic 


review of economic evaluations and that the information provided about the 


manufacturer’s model was limited. It considered that the results of the 


manufacturer’s model should be considered with caution because of 


methodological and reporting limitations and that the manufacturer should not 


have assumed:  


 a simplified structure of the model because it would have been more 


appropriate to include an additional state for progressed disease and 


  a time horizon of 20 years because it was too short to reflect the entire follow-


up period of the disease.  


What is the Committee’s view on the manufacturer’s economic model and the 


critiques from the Assessment Group on it? 


 The Assessment Group noted that its clinical advisers suggested that the risk of 


local recurrence continues relatively liner over the lifetime of the patient and 


applied a log-normal distribution to the 5-years data from the TARGIT-A to 


extrapolate these results over the time horizon of the model. Consultees noted 


that local recurrence data should not be extrapolated beyond 5 years because the 


peak of local recurrence is observed during the first 2 – 3 years after surgery and 


radiation. Does the Committee consider it appropriate to extrapolate local 


recurrence over the 40-years’ time horizon? 


 The manufacturer assumed in its model that: 


 the number of annual procedures with Intrabeam was 100 


 the average number of fractions with EBRT was 23  


 Intrabeam was given concurrently with initial lumpectomy  


 patients will have lumpectomy after local recurrence with Intrabeam and 


mastectomy after local recurrence with EBRT.  


The Assessment Group assumed that: 


 16% of the people diagnosed of breast cancer would be eligible to receive 


treatment with Intrabeam and with a hospital catchment of 1,000,000, the 


number of annual procedures with Intrabeam was assumed to be 126 
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 the average number of fractions with EBRT was 15 in line with UK clinical 


practice 


 80% of the patients received mastectomy at local recurrence  


 31% of patients who received mastectomy would also receive breast 


reconstruction 


 the proportion of patients receiving Intrabeam who also received EBRT was 


15.2%. 


Comments from consultation on the Assessment Group’s report noted that: 


 in clinical practice the proportion of patients who have mastectomy after local 


recurrence is lower 


 the proportion of patients who have breast reconstruction following mastectomy 


is higher and  


 the proportion of patients eligible to receive treatment with Intrabeam is higher. 


The Assessment Group noted that varying the proportion of patients who have 


mastectomy after local recurrence, the proportion of patients who have breast 


reconstruction following mastectomy or the proportion of patients eligible to 


receive Intrabeam did not have a big impact on the ICER. 


Which assumptions does the Committee consider best represent clinical practice 


in the UK? 


 The Assessment Group assumed in its economic model that that only 1 local 


recurrence was possible and that it was only possible to die from breast cancer 


whilst in the ‘any other recurrence’ state. What is the Committee’s view on these 


assumptions? 


 The Assessment Group obtained the probability of non-breast cancer death from 


life tables in England and assumed that it was the same in both treatment groups. 


The Assessment Group confirmed that the annual probability of death in the 


EBRT group was similar to the one observed in the life tables in England and 


restated that the shortfall of death observed in the Intrabeam group in TARGIT-A 


could be explained by chance or a slightly younger mean age of patients in this 


group. Does the Committee consider it appropriate to assume the same 


probability of non-breast cancer death for Intrabeam and EBRT? 
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 The Assessment Group applied, in its base-case analysis, the same utility value to 


the first year after local recurrence and to the second and following years after 


both primary breast cancer and local recurrence, it applied a lower utility value in 


the ‘any other recurrence’ state and it did not apply a disutility associated with 


mastectomy. The manufacturer applied in its model higher utility values than the 


ones assumed by the Assessment Group. The Assessment Group noted that 


utilities in the manufacturer’s model were obtained with the standard gamble 


technique and were not obtained from the general population; however the utility 


values applied in the Assessment Group’s model were obtained with EQ-5D and 


valued with the UK tariff. One consultee noted that it was questionable to assign a 


lower utility value to the ‘any other recurrence’ state. What is the Committee’s 


view on the most plausible utility values? 


 The manufacturer assumed in its model that the cost of EBRT was reflected by 


the HRG code for ‘other radiotherapy treatment’. The Assessment Group, 


however, considered that it was more appropriate to use the HRG code for ‘deliver 


a fraction of radiotherapy on a megavoltage machine’ which included ‘external 


beam radiotherapy delivered by linear accelerator’. The Assessment Group 


included the cost of 1 hour in operating theatre and additional staff time cost for 


Intrabeam based on NHS pay bands of surgical consultant and 8b, 7 and 5. The 


Assessment Group did not include costs associated with adverse events in the 


model or post-progression costs. Comments from consultation on the Assessment 


Group’s report highlighted that therapeutic radiographers should be included 


because they are core staff for the delivery of high quality radiotherapy, training 


costs should not be defined as considerable because non-surgical radiotherapy 


team are already trained in the core requirements of radiotherapy and would only 


require technical updates in the process and practice associated with Intrabeam, 


and that the additional time in the operating theatre with Intrabeam is on average 


30 minutes because sentinel lymph node evaluation is carried out at the same 


time. 


What is the Committee’s view on the most appropriate costing assumptions? 


Does the Committee consider it appropriate to not include the costs associated 


with adverse events and post-progression costs in the model? 
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 The manufacturer’s cost-effectiveness analysis showed that Intrabeam was a 


dominant strategy (that is, it had lower costs and better outcomes) compared with 


EBRT. The results of the Assessment Group’s cost-effectiveness analysis of 


Intrabeam compared with EBRT showed that Intrabeam cost £140 less and 


provided 0.088 less QALYs compared with EBRT resulting in an ICER of £1569 


saved per QALY lost. The Assessment Group noted that in situations in which an 


ICER is derived from a technology that is less effective and less costly than its 


comparator, the commonly assumed decision rule of accepting ICERs below a 


given threshold is reversed, and so the higher the ICER, the more cost effective a 


treatment becomes. What is the Committee’s view on the most plausible ICER of 


Intrabeam compared with EBRT? 


 The Assessment Group undertook several sensitivity analyses and found that the 


parameters that had the highest impact on the cost-effectiveness results were  


 the probability of any other recurrence 


 the probability of death from breast cancer in the Intrabeam group and 


 changes in parameter values considered for the beta coefficient for the 


Intrabeam group in the log-normal model of time to local recurrence.  


Changes between higher and lower values for these parameters changed the 


consideration of the most cost-effective alternative at a maximum acceptable 


ICER of £20,000 per QALY gained. The results of the probabilistic sensitivity 


analysis also showed that the degree of uncertainty around the cost-effectiveness 


results was high and the cost-effectiveness plane showed that simulations of the 


ICER of Intrabeam compared with EBRT fell in the 4 quadrants. The Assessment 


Group also conducted scenario analyses varying the main assumptions on the 


model. What is the Committee’s view on the degree of uncertainty around the 


Assessment Group’s cost-effectiveness results? 


 The Assessment Group highlighted some factors relevant to the NHS and other 


parties: 


 the increased need for radiotherapy during the next years  


 the high investment associated with Intrabeam if it becomes widely available in 


the NHS: capital cost, staff training and additional operating theatre time  


 the potential of Intrabeam for freeing-up radiotherapy resources  
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 the impact of changes in UK clinical practice associated with radiotherapy 


delivery as a result of the ongoing FAST-Forward trial, which investigates the 


potential to provide a shorter course of treatment with EBRT, and the potential 


of identifying a subset of patients who would not need to receive EBRT 


treatment.  


What is the Committee’s view on the issues raised by the Assessment Group as 


relevant to the NHS and other parties? 


1 Background: clinical need and practice 


1.1 Breast cancer is the most common cancer in the UK accounting for about 


1 in 3 of all cancers in women. A breast lump is often the first symptom of 


breast cancer.  


1.2 There are 2 main forms of early breast cancer: in situ disease 


predominantly in the form of ductal carcinoma in situ (DCIS) and invasive 


cancer. In DCIS, cancer cells have developed inside milk ducts but have 


not spread beyond the ducts. For invasive cancer to be categorised as 


early breast cancer the tumour should not have spread beyond the breast 


or the lymph nodes (which remain mobile) in the armpit ipsilateral to (on 


the same side as) the affected breast. When the cancer spreads outside 


the lining of the ducts, this is considered to be invasive early breast 


cancer and classified as stage I and II (or operable breast cancer).  


1.3 In 2011, there were 41,826 people diagnosed with invasive breast cancer 


in England. There are not incidence statistics available for in situ breast 


cancer for 2011 but there were 4937 people diagnosed in 2010 in 


England. Over 9700 people died in England as a result of breast cancer in 


2011. Breast cancer incidence rates generally increase with age; with 


over 80% of new diagnoses in women aged over 50 years. It is estimated 


that 95% of women are expected to survive their disease for at least 1 


year and 85% of women survive 5 years or more. 


1.4 Treatment for early disease can be divided into primary treatment, which 


is surgical (removal of the tumour), and adjuvant treatment, which can 
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include radiotherapy, hormone therapy, biological therapies, or 


chemotherapy after removal of the primary cancer by surgery.  


1.5 Surgery is usually the first treatment option for early breast cancer. 


Preoperative assessment of the breast and axilla determines the size of 


the primary tumour relevant to the volume of breast and this information is 


used to decide whether wide local excision of the tumour or lumpectomy 


is possible, allowing breast conserving surgery instead of mastectomy. 


Patients who have a mastectomy can have immediate breast 


reconstruction (carried out at the same time as the mastectomy) or 


delayed breast reconstruction. After surgical removal of the primary 


tumour, the breast cancer multidisciplinary team plans subsequent 


treatment using the information on prognostic and predictive factors 


obtained by histological examination, the outcome of tests for oestrogen 


receptor (ER) and human epidermal growth factor receptor 2 (HER2) 


status, and other patient and tumour characteristics. NICE clinical 


guideline 80 on early and locally advanced breast cancer recommends 


adjuvant chemotherapy or radiotherapy for people with early breast 


cancer following successful breast conserving surgery (that is, removal of 


tumour with clear margins) to prevent loco-regional recurrences. Adjuvant 


radiotherapy is currently delivered in UK clinical practice by external beam 


radiotherapy (EBRT) using a linear accelerator and may be supplemented 


with an external beam tumour bed boost. Whole breast EBRT is delivered 


either within 4-6 weeks of surgery or 4-6 months later following completion 


of cytotoxic therapies. Standard practice is to give 40 Gy in 15 fractions, 


typically over 3-5 weeks, and this may be followed by a boost dose (12 Gy 


in 4 fractions, 10 Gy in 5 fractions, or 16 Gy in 8 fractions) to the tumour 


bed over 1 or 2 weeks in patients considered to be at a higher risk of local 


recurrence. NICE interventional procedures guidance 268 on 


Brachytherapy as the sole method of adjuvant radiotherapy for breast 


cancer after local excision only recommends brachytherapy as an 


adjuvant treatment in the context of research.  



http://guidance.nice.org.uk/CG80

http://guidance.nice.org.uk/IPG268

http://guidance.nice.org.uk/IPG268
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2 The technology 


2.1 Intrabeam Radiotherapy System (Carl Zeiss UK) is a mobile irradiation 


system designed to deliver a single dose of targeted low energy x-ray 


radiation directly to the tumour bed while limiting healthy tissue exposure 


to radiation. Because it delivers a low energy x-ray radiation, it can be 


used in an ordinary operating theatre at the time of surgery. Intrabeam 


system provides a source of 50 kV energy x-rays at the centre of a 


spherical applicator of 1.5 to 5.0 cm diameter. The applicator is surgically 


placed in the tumour bed by an inserted purse-string suture that ensures 


that breast tissues at risk of local recurrence receive the prescribed dose 


while skin and deeper structures are protected. Radiation is delivered over 


20 to 45 minutes to the tumour bed. The surface of the tumour bed 


typically receives 20 Gy that attenuates to 5 to 7 Gy at 1cm depth. 


Intrabeam was granted a CE (Conformité Européene) mark in 1999 for 


use in radiotherapy.  


2.2 Intrabeam can be used as an intraoperative radiotherapy system given as 


the sole treatment or as a boost treatment followed by external beam 


radiotherapy (EBRT). The intraoperative radiotherapy with Intrabeam is 


given as a single fraction with a high dose directly to the tumour bed and 


possibly remaining tumour cells. In the case of the EBRT system, the 


whole breast is irradiated administering the prescribed dose in small 


fractions over a period of 3 to 5 weeks, starting some weeks after 


lumpectomy. EBRT is finished with a boost given in small fractions 


focused on the region of the tumour bed. In the case that intraoperative 


radiotherapy is given as a boost treatment with Intrabeam and the 


treatment is followed by EBRT, there is no need for further external boost 


treatment. Six centres in the UK have experience using Intrabeam for the 


adjuvant treatment of early breast cancer. 


2.3 Adverse reactions are mostly related to wound-related complications and 


radiotherapy-related complications. For details of adverse reactions 


recorded in the clinical trial (TARGIT-A) please see section 4.8. 
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2.4 The manufacturer notified that the cost of the Intrabeam system (including 


the set with spherical applicators) is £435,000 (excluding VAT, Carl Zeiss 


UK personal notification). The manufacturer estimated that the device 


maintenance and servicing costs per year are approximately £35,000. 


Costs may vary in different settings because of negotiated procurement 


discounts.   


Table 1 Summary description of technology  


Proprietary name Intrabeam 


Manufacturer Carl Zeiss UK 


Dose  


Acquisition cost (including the set with 
spherical applicators) 


£435,000 


Spherical applicator cost (replacement 
needed after 100 treatments) 


£3170 


X-drapes radio protection shields (for a 
pack of 10 (5 treatments)* 


£1041 


Sterile plastic drape pack costs (pack of 5, 
5 treatments) 


£96 


Maintenance and servicing cost (per year) £35,000 


Note: *the manufacturer noted that this is not needed everywhere in the UK 


3 Remit and decision problem 


3.1 The remit from the Department of Health for this appraisal was: to 


appraise the clinical and cost effectiveness of the Intrabeam Radiotherapy 


System for the adjuvant treatment of early breast cancer during surgical 


removal of the tumour.  


 Final scope issued by 
NICE 


Additional comments or 
specifications in the Assessment 
Group’s protocol  


Population  People with early operable 
breast cancer 


People with early operable breast 
cancer (as defined by the trials). 
People with a local recurrence are 
excluded. 


 


The Assessment Group noted that the population included in the report was people 


with early operable breast cancer who are eligible for wide local excision of the 
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tumour followed by whole breast radiotherapy. They also stated that early operable 


breast cancer includes people with ductal carcinoma in situ (DCIS) and those with 


invasive early breast cancer. The Assessment Group clarified that the use of 


Intrabeam in people with a local recurrence of breast cancer was not considered in 


line with the NICE scope. 


 Final scope issued by 
NICE 


Additional comments or 
specifications in the Assessment 
Group’s protocol 


Intervention  INTRABEAM Photon Radiotherapy System with or without external 
beam radiotherapy 


Comparators  External beam radiotherapy delivered by linear accelerator 


 


The Assessment Group noted that NICE did not include other intra-operative 


techniques as comparators in the scope because they are not currently in use in 


clinical practice. These techniques were also not included as interventions alongside 


Intrabeam because their use was not considered sufficiently comparable. 


 Final scope issued by 
NICE 


Additional comments or 
specifications in the Assessment 
Group’s protocol 


Outcomes   overall survival 


 progression-free 
survival 


 ipsilateral local 
recurrence  


 adverse effects of 
treatment 


 health-related 
quality of life 


 overall survival 


 disease-free survival 


 ipsilateral local recurrence 


 adverse effects of treatment 


 health-related quality of life 


 


The Assessment Group did not include data on disease-free survival. It noted that 


the initial TARGIT-A publication (2010) reported disease-free survival results but that 


this endpoint was not reported in the last trial publication (2014). 


 Final scope issued by 
NICE 


Additional comments or 
specifications in the Assessment 
Group’s protocol 
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Economic 
evaluation  


The reference case 
stipulates that the cost 
effectiveness of treatments 
should be expressed in 
terms of incremental cost 
per quality-adjusted life 
year. 


The reference case 
stipulates that the time 
horizon for estimating 
clinical and cost 
effectiveness should be 
sufficiently long to reflect 
any differences in costs or 
outcomes between the 
technologies being 
compared. 


Costs will be considered 
from an NHS and Personal 
Social Services perspective. 


Cost-effectiveness (such as 
incremental cost per QALY gained) 


 


3.2 NICE clinical guideline on early and locally advanced breast cancer (NICE 


clinical guideline 80) recommends surgery followed by adjuvant systemic 


therapy for people with early invasive breast cancer. After breast 


conserving surgery or mastectomy patients should have breast 


radiotherapy with EBRT, giving 40 Gy in 15 fractions as standard practice. 


For people at high risk of local recurrence, an additional external beam 


boost to the site of local excision should be offered (NICE pathway Early 


and locally advanced breast cancer: adjuvant therapy). Intrabeam could 


be used in the same place as EBRT in the treatment pathway as an 


alternative to whole breast radiation or as a boost before whole breast 


radiation with EBRT is provided. 


4 Clinical-effectiveness evidence 


4.1 The manufacturer presented evidence from its literature review on the 


clinical effectiveness of Intrabeam separately depending on the treatment 


protocol: used as a single method or treatment and used as a boost 


during surgery followed by external beam radiotherapy (EBRT). The 


manufacturer noted that it only included literature published after year 



http://guidance.nice.org.uk/CG80

http://pathways.nice.org.uk/pathways/early-and-locally-advanced-breast-cancer#content=view-node%3Anodes-radiotherapy&path=view%3A/pathways/early-and-locally-advanced-breast-cancer/early-and-locally-advanced-breast-cancer-adjuvant-therapy.xml

http://pathways.nice.org.uk/pathways/early-and-locally-advanced-breast-cancer#content=view-node%3Anodes-radiotherapy&path=view%3A/pathways/early-and-locally-advanced-breast-cancer/early-and-locally-advanced-breast-cancer-adjuvant-therapy.xml
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2007 because literature published before this year did not represent 


current clinical practice. It also noted that substantial follow-up experience 


(more than 5 years) with the use of Intrabeam would not be available 


before 2007 because Intrabeam became available in 2000.  


4.2 The manufacturer primarily based its submission on TARGIT-A, a 


prospective randomised, non-inferiority clinical trial conducted in 33 


centres in 11 different countries including UK. Patients were treated either 


with Intrabeam as a single method of treatment or with conventional 


EBRT (typically 40 – 56 Gy with or without a boost of 10 – 16 Gy). The 


pathology of the disease was assessed and further treatment with EBRT 


was considered in patients who received treatment with Intrabeam alone 


depending on the outcome of the pathology (people with tumour-free 


margin smaller than 1mm, extensive in-situ component or unexpected 


invasive lobular carcinoma). After a protocol amendment, some patients 


were allowed to receive treatment with Intrabeam as a second 


intervention after evaluation of final pathology (post-pathology group). The 


dose of radiation was administered during a second surgical procedure by 


opening the wound and administrating radiation. The manufacturer stated 


that median time of delivery was 37 days after the first surgery and that 


the protocol amendment led to separate strata, equivalent to 2 trials run in 


parallel. 


4.3 The Assessment Group stated that the manufacturer did not conduct a 


formal systematic review of the clinical effectiveness of Intrabeam and 


highlighted that it did not indicate how the results of its search were 


screened to identify relevant studies, it did not include detailed inclusion 


and exclusion criteria and it did not present a quality assessment of the 


included studies. The Assessment Group carried out a systematic 


literature review in which inclusion and exclusion criteria were derived 


from the final NICE scope. The systematic review identified 1 randomised 


controlled trial (TARGIT-A) as relevant for inclusion in line with the 


manufacturer’s search. The Assessment Group considered TARGIT-A to 


be of good methodological quality with a low risk of bias.  
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4.4 Women aged 45 years or older were randomised in a 1:1 ratio to receive 


either risk-adapted approach using single-dose Intrabeam or EBRT as per 


standard schedule over several weeks. In total, 3451 patients were 


recruited in TARGIT-A between 2000 and 2012, of which 1721 patients 


were randomised to receive treatment with Intrabeam and 1730 patients 


were randomised to receive EBRT. There were 2298 and 1135 patients 


randomised in the pre-pathology group and post-pathology group 


respectively. Among patients actually receiving treatment with Intrabeam 


(1571 patients after accounting for patient withdrawals), 15.2% (239 of 


1571 patients) received treatment with Intrabeam and EBRT, 21.6% in the 


pre-pathology group (219 of 1012 patients) and 3.6% (20 of 559 patients) 


in the post-pathology group. The overall median follow-up in the trial was 


2 years and 5 months and 35% of the patients (1222 of 3451) reached a 


median follow-up of 5 years. The Assessment Group stated that 77% of 


the patients in the trial were aged between 51 and 70 years, 


approximately 33%, 50% and 15% of the patients had grade 1, 2 and 3 


tumours respectively. It noted that approximately 67% of the patients were 


receiving hormonal therapy as adjuvant systemic therapy and 


approximately 12% of the patients were receiving chemotherapy. The 


primary outcome measure was the absolute difference in local recurrence 


in the conserved breast and secondary outcomes were toxicity and overall 


survival. 


4.5 Analysis of the primary outcome, local recurrence in the conserved breast, 


including all patients in TARGIT-A showed that the difference in local 


recurrence between Intrabeam and EBRT did not exceed the non-


inferiority margin of 2.5%. Statistical significance levels were set at p<0.01 


for this outcome. The 5-year risk of local recurrence in the conserved 


breast was 3.3% and 1.3% in people receiving treatment with Intrabeam 


and EBRT respectively (p=0.042). Local recurrence in the pre-pathology 


group was 2.1% in people receiving Intrabeam and 1.1% in people 


receiving EBRT (p=0.31) (see figure 1). Local recurrence in the post-


pathology group was 5.4% and 1.7% in people receiving treatment with 
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Intrabeam and EBRT respectively (p=0.069) (see table 2 for complete 


results on local recurrence). The manufacturer stated that as a result of 


this analysis, the authors of TARGIT-A noted that caution should be taken 


and that they suggested that Intrabeam should only be used at the same 


time as lumpectomy and therefore, the post-pathology was not 


recommended further. The manufacturer noted that the post-pathology 


group had the same or even less risk factors than the pre-pathology group 


and that the difference in the results were not related to a variance in the 


patient population. It also stated that the difference in the results could be 


explained by the delayed application of radiotherapy. The Assessment 


Group noted that when the non-inferiority statistic was analysed for local 


recurrence, Intrabeam met the criteria (non-inferiority margin of 2.5%) to 


be considered non-inferior to EBRT for the whole population (absolute 


difference in binomial proportions 0.72%, 90% CI 0.2 to 1.3, pnon-


inferiority<0.0001) and for the pre-pathology group (0.37%, 90% CI -0.2 to 


1.0, pnon-inferiority <0.0001). Non-inferiority was not established for the post-


pathology group (1.39%, 90% CI 0 to 2.8, pnon-inferiority =0.0664).  


Table 2 5-year cumulative risk of local recurrence in TARGIT-A 


Local recurrence 


Events/N; 


5-year cumulative risk % 
(95% CI)  


INTRABEAM EBRT Absolute difference; p-
value 


Whole group (n=3375)a 23/1679 


3.3% (2.1-5.1) 


11/1696 


1.3% (0.7-2.5) 


12 (2.0%); p=0.042 


Pre-pathology stratum 
(n=2234) 


10/1107 


2.1% (1.1 to 4.2) 


6/1127 


1·1% (0.5 to 2.5) 


4 (1.0%); p=0.31 


Post-pathology stratum 
(n=1141) 


13/572 


5.4% (3.0 to 9.7) 


5/569 


1.7% (0.6 to 4.9)  


8 (3.7%), p=0.069 


a
  Patients who had undergone a mastectomy were not included in the analysis of local recurrence 


(n= 76 mastectomies in the whole group, n=64 in the pre-pathology stratum, n=12 in the post-
pathology stratum). 


Source: Assessment Group’s report, table 9, page 44 







CONFIDENTIAL 


National Institute for Health and Care Excellence 17 of 46 


Overview – Breast cancer: Intrabeam Radiotherapy System 


Issue date: June 2014 


  


Figure 1 5-year cumulative risk of local recurrence in the pre-pathology group 
from TARGIT-A 


 


TARGIT: Targeted intraoperative radiotherapy with Intrabeam 


Source: Manufacturer’s submission, figure 1, page 10 


 


4.6 The manufacturer and the Assessment Group did not include data on 


disease-free survival. The Assessment Group noted that the initial 


TARGIT-A publication (2010) reported disease-free survival results, 


however this outcome was not considered in the last publication (2014).  


4.7 For the analysis of overall survival, statistical significance levels were set 


at p<0.05. The results showed that the 5-year risk of mortality was 3.9% 


(37 of 1721 patients) in the Intrabeam group compared with 5.3% (51 of 


1730 patients) in the EBRT group and that the difference in overall 


survival between groups was not statistically significant (p=0.099). The 


breast cancer mortality rate was higher in people that received Intrabeam 


(2.6%) than in people that received EBRT (1.9%) but the difference 


between treatment groups was not statistically significant (p=0.56). There 
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were statistically significant fewer non-breast cancer deaths in the 


Intrabeam group (1.4%) than in the EBRT group (3.5%) (p=0.0086). The 


Assessment Group noted however that these data were based on a small 


number of events (in the pre-pathology group, 12 non-breast cancer 


deaths in the Intrabeam group and 27 in the EBRT group). It commented 


that the TARGIT-A publication showed that the higher number of non-


breast cancer deaths in the EBRT group could be because of 


cardiovascular causes and other cancers and that it was improbable that 


there was a substantial imbalance in baseline comorbidities between the 2 


treatment groups.  The Assessment Group also commented that patients 


included in the EBRT group were slightly older at baseline (the 


Assessment Group calculated a mean age of 62.5 years for the EBRT 


group and of 62 years for the Intrabeam group).  The Assessment Group 


has also compared the annual probabilities of death in the EBRT group 


with the annual all-cause mortality probabilities obtained from the Office of 


National Statistics data and found that they were similar. The Assessment 


Group did not consider that there was an excess of deaths in the EBRT 


group but a shortfall of deaths in the Intrabeam group because of chance 


or the slightly younger mean age of patients in this group. Results in the 


pre-pathology group were similar to the results in the whole population 


(see figure 2). Results in the post-pathology group showed that the 


number of deaths between treatment groups were similar (see table 3). 


The causes of non-breast cancer deaths are included in table 4. 


Table 3 5-year mortality cumulative risk in TARGIT-A 


Mortality 


Events/N; 


5-year cumulative risk % 
(95% CI)  


INTRABEAM EBRT Absolute difference; 
p-value 


Overall mortality: 


All patients (n=3451) 


 


37/1721 


3.9% (2.7 to 5.8) 


 


51/1730 


5.3% (3.9 to 7.3) 


 


-14 (-1.4%); p=0.099 


Pre-pathology stratum 
(n=2298) 


29/1140 


4.6% (1.8 to 6.0) 


42/1158 


6.9% (4.3 to 9.6) 


-13 (-2.3%); p=NR 


Post-pathology stratum 
(n=1153) 


8/581 


2.8% (1.3 to 5.9) 


9/572 


2.3% (1.0 to 5.2) 


-1 (0.5%); p=NR 
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Breast cancer mortality: 


All patients (n=3451) 


 


20/1721 


2.6% (1.5 to 4.3) 


 


16/1730 


1.9% (1.1 to 3.2) 


 


p=0.56 


Pre-pathology stratum 
(n=2298) 


17/1140 


3.3% (1.9 to 5.8) 


15/1158 


2.7% (1.5 to 4.6) 


p=0.72 


Post-pathology stratum 
(n=1153) 


3/581 


1.2% (0.4 to 4.2) 


1/572 


0.5% (0.1 to 3.5) 


p=0.35 


Non-breast cancer 
mortality: 


All patients (n=3451) 


 


 


17/1721 


1.4% (0.8 to 2.5) 


 


 


35/1730 


3.5% (2.3 to 5.2) 


 


 


p=0.0086 


Pre-pathology stratum 
(n=2298) 


12/1140 


1.3% (0.7 to 2.8) 


27/1158 


4.4% (2.8 to 6.9) 


p=0.016 


Post-pathology stratum 
(n=1153) 


5/581 


1.58% (0.62 to 
3.97) 


8/572 


1.76% (0.7 to 4.4) 


p=0.32 


Source: Assessment Group’s report, table 1, page 47 


 


Table 4 Non-breast cancer mortality, causes of death (all patients) 


Non-breast cancer 
mortality, causes of death 


Intrabeam n=1721 EBRT n=1730 


Other cancers 8 16 


Cardiovascular causes   


Cardiacd 2 8 


Stroke 0 2 


Ischemic bowel 0 1 


Othere 7 8 


Total 17 35 


Note: 
d
 Included one “sudden death at home” in the EBRT group.  


e
 Targit: 2 diabetes, 1 renal failure, 


1 liver failure, 1 sepsis, 1 Alzheimer’s disease, 1 unknown; EBRT: 1 myelopathy, 1 perforated bowel, 
1 pneumonia, 1 old age, 4 unknown.  


Source: Assessment Group’s report, appendix 4, page 163 


 







CONFIDENTIAL 


National Institute for Health and Care Excellence 20 of 46 


Overview – Breast cancer: Intrabeam Radiotherapy System 


Issue date: June 2014 


Figure 2 5-year mortality cumulative risk in the pre-pathology group from 
TARGIT-A 


 


TARGIT: Targeted intraoperative radiotherapy with Intrabeam 


Source: Manufacturer’s submission, figure 1, page 10 


 


4.8 The manufacturer noted that the results of the safety analysis showed that 


there were statistically significant fewer grade 3 and 4 radiotherapy-


related complications in the Intrabeam group compared with the EBRT 


group. The Assessment Group provided further details of the 


complications in the form of local toxicity and morbidity. It noted that the 


incidence of any early complication was similar between treatment 


groups. Wound seroma requiring more than 3 aspirations occurred more 


frequently in people receiving Intrabeam (2.1%) than in people receiving 


EBRT (0.8%, p=0.012) and radiotherapy-related complications, RTOG 


toxicity scope of grade 3 or 4, was less frequent in people receiving 


Intrabeam (0.5%) compared with people receiving EBRT (2.1%, p=0.002). 


The Assessment Group further noted that the incidence of complications 
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arising 6 months after randomisation was lower than the incidence of early 


complications in both treatment groups but highlighted that it was not clear 


whether these complications occurred in any of the same patients 


reporting early complications. Table 5 shows a summary of toxicity and 


morbidity results in both treatment groups. 


Table 5 Toxicity and morbidity from TARGIT-A 


Earlya complications INTRABEAM 
(n=1113) 


EBRT (n=1119) p-value 


No. of complications per patient:  


0 


1 


2 


3 


4 


5 


6 


Any complicationa 


 


 


917/1113 (82.4%) 


151/1113 (13.6%) 


29/1113 (2.6%) 


11/1113 (1.0%) 


3/1113 (0.3%) 


2/1113 (0.2%) 


0/1113 


196/1113 (17.6%) 


 


 


946/1119 (84.5%) 


139/1119 (12.4%) 


27/1119 (2.4%) 


5/1119 (0.4%) 


0/1119 


0/1119 


3/1119 (0.3%) 


174/1119 (15.5%) 


 


 


NR 


NR 


NR 


NR 


NR 


NR 


NR 


χ2 1.74,p=0.19b 


Clinically significant 
complications:a  


INTRABEAM 
(n=1113) 


EBRT (n=1119) p-value 


Haematoma needing surgical 
evacuation 


11/1113 (1.0%) 7/1119 (0.6%) 0.338 


Seroma needing >3 aspirations 23/1113 (2.1%) 9/1119 (0.8%) 0.012 


Infection needing i.v. antibiotics 
or surgical intervention 


20/1113 (1.8%) 14/1119 (1.3%) 0.292 


Skin breakdown or delayed 
wound healingc 


31/1113 (2.8%) 21/1119 (1.9%) 0.155 


RTOG toxicity grade 3 or 4d 6/1113 (0.5%) 23/1119 (2.1%) 0.002 


Major toxicitye 37/1113 (3.3%) 44/1119 (3.9%) 0.443 


Wound-related complications 
arising 6 months after 
randomisation:  


INTRABEAM 
(n=1721) 


EBRT (n=1730) p-value 


Haematoma/seroma needing >3 
aspirations 


4/1721 (0.2%)f 


 


2/1730 (0.1%)f NR 


Infection needing i.v. antibiotics 
or surgery 


12/1721 (0.7%)f 9/1730 (0.5%)f NR 


Skin breakdown or delayed 
wound healing 


3/1721 (0.2%)f 5/1730 (0.3%)f NR 


Total 19/1721 (1.1%) 16/1730 (0.9%) 0.599 


Radiotherapy-related 
complications:  


RTOG toxicity grade 3 or 4 


 


 


4/1721 (0.2%) 


 


 


13/1730 (0.8%) 


 


 


0.029 
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NR, not reported; RTOG, Radiation Therapy Oncology Group. Data are number of patients (%). 
a
The 


2010 paper does not indicate the time period over which these complications arose but the 2014 
paper describes them as ‘early complications’. 


b
TARGIT (TARGIT: Targeted intraoperative 


radiotherapy with Intrabeam)vs EBRT for no complications vs any number of complications, degree of 
freedom = 1. 


c
Some patients in first three rows could be included in the 4th row. 


d
No patient had grade 


4 toxicity. 
e
Defined as skin breakdown or delayed wound healing and RTOG toxicity grade of 3 or 4. 


f
 


Percentages calculated by reviewer. 


Source: Assessment Group’s report, table 12, page 49 


 


4.9 The manufacturer also included information from different studies 


including people who received treatment with Intrabeam as a boost 


followed by EBRT. The manufacturer stated that the results published 


from these studies demonstrated that Intrabeam given as a boost followed 


by EBRT led to good results, it was clinically feasible and it was 


associated with low toxicity and complications rates. The manufacturer 


also presented data from additional studies for the efficacy and safety of 


Intrabeam and EBRT. The Assessment Group noted that these studies 


did not meet the inclusion criteria in its systematic review mostly because 


of study design.  


4.10 The manufacturer included data on quality of life and preferences from 


people who received treatment with Intrabeam as a boost followed by 


EBRT. Based on a study by Welzel et al. (2013) which analysed a subset 


of patients (2.5%) included in TARGIT-A and which assessed quality of 


life using the EORTC – QLQ-C30 (European Organisation for Research 


and Treatment of Cancer Quality of Life Questionnaire) and the QLQ-BR-


23 (Breast Cancer module), the manufacturer concluded that patients 


receiving Intrabeam showed ability to carry out more professional and 


other daily activities, and had fewer general pain symptoms compared 


with patients receiving EBRT. The Assessment Group further noted that 


the study by Welz et al. included results from an ITT analysis and an as-


treated analysis (in which 5 patients from the Intrabeam group were 


removed, of which 4 were moved to the EBRT group because it was the 


actual treatment they received and 1 patient was excluded from the 


analysis because they refused to receive EBRT). The results from the ITT 


analysis did not show any statistically significant difference between 


treatment groups in any quality of life measure (statistically significance 
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set at p<0.01). The as-treated analysis showed a statistically significant 


benefit for Intrabeam in daily activities, general pain, breast symptoms 


and arm symptoms compared with EBRT. The Assessment Group noted 


that these data should be interpreted with caution because the small 


number of patients included in the analyses and because the non-


randomised nature of these data. The manufacturer also included results 


from a preference study conducted to determine the trade-off preferences 


of women for a single treatment delivered intraoperative by Alvarado et al. 


(2013). The results showed that patients preferred treatment with 


Intrabeam rather with EBRT at an equivalent risk of local recurrence.  


4.11 The Assessment Group also included information about ongoing studies 


using Intrabeam. It identified 1 RCT (TARGIT-B) that compared Intrabeam 


with EBRT after breast conserving surgery in women with high risk of local 


recurrence, and 1 single-arm trial (TARGIT-E) that investigated the 


efficacy of Intrabeam followed by EBRT only when risk factors were 


present in older people with low risk factors. It also identified 3 registry 


studies (TARGIT-R, TARGIT-BQR and TARGIT-US) that collect long-term 


and follow-up data of people receiving treatment with Intrabeam.  


5 Comments from other consultees 


5.1 The professional and patient groups agreed that treatment for early breast 


cancer consists of surgery (either lumpectomy or mastectomy which may 


be followed by breast reconstruction), radiotherapy and chemotherapy, 


and that some people might be eligible to receive targeted treatments 


and/or hormonal therapy. The current established adjuvant treatment for 


early breast cancer is whole breast radiotherapy and a possible boost to 


the tumour bed delivered by external beam radiotherapy (EBRT) with 


linear accelerators by 15 fractions of treatment over 3 weeks. The 


professional groups highlighted that currently, partial breast radiotherapy 


is not recommended as standard practice in the UK using any technology 


because there is lack of robust clinical evidence on this use. The 


professional groups noted that all radiotherapy centres in the UK have 
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access to EBRT which has a relatively low cost and there are many 


clinical specialists trained in its use (radiographers, physicists and 


oncologists). The professional groups also noted that there are clinical 


trials in development studying the reduction of the scheduled treatment 


with EBRT from over 3 weeks to a 1 week treatment and other trials 


studying whether radiotherapy could be completely omitted in people with 


very low risk of recurrence. 


5.2 Patient groups highlighted that although early breast cancer is treatable it 


might recur and spread to other parts of the body. They noted that the 


psychological burden of the disease is high for the patient and its family 


and that people want to ensure that they have the best chance of ensuring 


that they have a future free from cancer. Patients groups highlighted that 


current radiotherapy practice requires continuous hospital appointments 


which implies inconvenient and disruptive travelling times to and from 


hospital and additional costs. Patient groups highlighted that Intrabeam 


would be particularly beneficial for patients because it is given at the same 


time as surgery and therefore would remove the need for hospital visits. 


Patient groups noted that administering radiotherapy treatment during 


surgery will lessen the impact that the treatment has on both the patients 


and their family and friends. 


5.3 The professional and patient groups noted that the available clinical 


evidence suggests that Intrabeam is as effective as EBRT. The 


professional groups noted that the safety profile of Intrabeam is similar to 


EBRT and highlighted that radiotherapy specific toxicity seems to be lower 


with the use of Intrabeam compared with EBRT because of the smaller 


volume of breast treated to a lower dose with Intrabeam. A professional 


group highlighted that in TARGIT-A, the quality control of the EBRT group 


was minimal and that variations in protocol commonly affect outcomes 


impacting on the differences between treatment groups (e.g. increased 


toxicity in the EBRT group). 
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5.4 A professional group highlighted that they would not recommend the use 


of Intrabeam radiotherapy system outside the context of a clinical trial 


because of the lack of robustness and immaturity of its clinical evidence. 


Patient groups raised the importance of collecting long term data on the 


benefits and risks of Intrabeam. The professional groups noted that the 


available clinical evidence suggests that Intrabeam is associated with a 


high level of toxicity when used as a boost treatment in combination with 


whole breast radiotherapy compared with an EBRT boost, particularly in 


terms of high levels of late normal tissue fibrosis. The professional groups 


also noted that it is not possible to confirm whether there would be any 


difference between Intrabeam and EBRT in terms of non-breast cancer 


deaths and highlighted that, although the results from TARGIT-A showed 


statistically significant differences between treatment groups, the excess 


of non-breast cancer deaths with EBRT compared with Intrabeam could 


not be explained by a radiation or treatment exposure with EBRT. The 


professional group noted that for example, based on the expected median 


radiation dose to the heart in TARGIT-A, EBRT could only be considered 


the cause of 1 of the 11 cardiovascular deaths and that any excess in the 


number of cardiovascular deaths could be explained by imbalance 


between treatment groups in the relevant risk factors at presentation or 


under-reporting of cardiovascular deaths. They also noted that TARGIT-A 


did not provide information about the tumour site causing other cancer 


deaths in the trial and about the interval from randomisation to second 


cancer diagnosis. The professional group concluded that the follow-up in 


the trial was too short to show any induction of cancer by EBRT.  


5.5 Patient groups were concerned about the 2 different methods of delivery 


of treatment with Intrabeam (as an alternative to whole breast radiation 


and as a boost prior to whole breast radiation), and highlighted that it is 


highly important that these methods are clearly and thoroughly explained 


to the patient prior to surgery avoiding the confusion about the need of 


further treatment and the exacerbation of fear and anxiety about 


recurrence and prognosis. 
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5.6 The professional groups noted that the Intrabeam radiotherapy system is 


currently only available in a small number of centres compared with the 


total number of UK centres delivering radiotherapy. They also noted that if 


Intrabeam would be implemented widely it would have a considerable 


negative impact on surgical theatre time as each treatment takes around 


30 minutes and the costs per hour associated with running a surgical 


theatre are high regardless of whether time is spent operating or not. They 


highlighted that the use of Intrabeam may also increase waiting times for 


breast cancer surgery and that it would be unlikely that Intrabeam would 


replace the need for EBRT because many people with early breast cancer 


are likely to still need whole breast radiotherapy in the future. The 


professional groups also added that additional training on the use of 


Intrabeam would be required for breast surgeons, oncologists, physicists 


and radiographers. A professional group noted that the multi-disciplinary 


team legally required for the delivery of radiotherapy includes medical 


physics experts to provide independent verification of treatment 


parameters. In contrast, another professional group highlighted that 


treatment with Intrabeam has the potential of taking radiotherapy out of 


the major centres into smaller hospitals with no prior infrastructure for 


radiotherapy treatment. Patient groups highlighted that whilst initial 


investment will be required to purchase the device, Intrabeam would 


reduce the need for radiotherapy appointments which, in turn, would save 


clinical specialists time and would allow more people with the disease to 


be treated. A professional group noted that although radiotherapy 


treatment delivered with Intrabeam would take approximately 25 to 40 


minutes, the multi-professional team would need to be available for 


approximately 2 to 3 hours per patient. 


5.7 A professional group suggested that if Intrabeam would be introduced as 


a standard in the NHS, it would be advisable to maintain the 


organisational model applied during the TARGIT-A trial in clinical practice. 


This includes a registered clinical scientist (radiotherapy physics) on site 


and a medical physics expert. The professional group also noted that an 
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independent verification of dosimetry of radiotherapy systems is 


implemented, as it is recommended that there is an agreed programme of 


technical commissioning including independent measurement equipment 


to ensure consistent, accurate and safe treatment, incurring resource 


implications. The professional group noted that the introduction of 


Intrabeam would require either local physics support or a service level 


agreement with existing radiotherapy providers which, in turn, would 


require an increase in radiotherapy physics staff numbers. 


6 Cost-effectiveness evidence 


The manufacturer’s economic model 


6.1 The manufacturer submitted an economic model to assess the cost 


effectiveness of Intrabeam as a single dose radiation treatment compared 


with radiotherapy given over 3 to 6 weeks with external beam 


radiotherapy treatment (EBRT). The model structure was a Markov model 


with 4 states: disease free; local recurrence (mastectomy/lumpectomy); 


non-breast cancer death and breast cancer death (see figure 3). The cost-


effectiveness analysis was conducted from the NHS perspective, costs 


and outcomes were discounted at a rate of 3.5% per annum, the cycle 


duration was 1 year and the time horizon was 20 years.  
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Figure 3 Manufacturer’s model structure 


 


Source: Manufacturer’s economic model 


 


6.2 The manufacturer did not provide details on how the parameters were 


implemented in the model. It used public sources for the cost of EBRT, 


the cost of lumpectomy and the cost of mastectomy.  The manufacturer 


assumed that the number of annual procedures with Intrabeam was 100 


and that the average number of fractions with EBRT was 23. It also 


assumed that Intrabeam was given concurrently with initial lumpectomy, 


that patients will have lumpectomy after local recurrence with Intrabeam 


and mastectomy after local recurrence with EBRT. The transition 


probabilities were derived from the TARGIT-A trial and the utilities in the 


model were taken from a study of Hayman et al. (1997) (see table 6). The 


mortality rate in the disease-free patients was equal to the mortality rate in 


the general population. The manufacturer did not provide further details 


on assumptions applied in the economic model.  
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Table 6 Manufacturer’s model inputs 


Model input Value Source 


EBRT fraction cost £327 HRG code SC29Z 


Average EBRT fractions 
delivered 


23 Clinical practice 


Cost of EBRT £7521 HRG code SC29Z 


Cost of Intrabeam £2165 Expert opinion 


Cost of treating post 
Intrabeam local 
recurrence (lumpectomy) 


£1558 HRG code  JA09H 


Cost of treating post 
EBRT local recurrence 
(mastectomy) 


£6504 HRG code JA16Z    


Annual disease-free follow 
up care 


£892 Wolowacz (2008) 


Utility in disease-free state 0.92 Hayman et al (1997) 


Utility in lumpectomy post 
local recurrence 


0.87 Hayman et al (1997) 


Utility in mastectomy post 
local recurrence 


0.82 Hayman et al (1997) 


Source: Manufacturer’s economic model 


 


6.3 The results of the manufacturer’s base-case analysis showed that 


Intrabeam was a dominant strategy (that is, it had lower costs and better 


outcomes) compared with EBRT. Intrabeam provided an additional 0.007 


quality-adjusted life years (QALYs) and cost £6465 less than EBRT. The 


manufacturer conducted probabilistic sensitivity analysis to assess 


uncertainty in the model parameters applying the beta pert distribution to 


the costs and the beta distribution to the transition probabilities and 


utilities. It concluded that the model results were robust to parameter 


uncertainty as they yielded to similar results to the deterministic analysis. 


The manufacturer stated that Intrabeam was a cost-effective strategy 


compared with EBRT at various maximum acceptable incremental cost-


effectiveness ratios (ICER).  


6.4 The Assessment Group noted that the manufacturer did not conduct a 


systematic review of economic evaluations and that the information 


provided about the manufacturer’s model was limited. It also noted that 
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some of the manufacturer’s assumptions in the model were not in line with 


UK clinical practice. The Assessment Group noted that the manufacturer 


assumed that people receiving Intrabeam would have lumpectomy after 


local recurrence but in the UK most patients would have mastectomy after 


local recurrence instead. The Assessment Group also highlighted that in 


contrast with the manufacturer’s assumption, not all patients who have 


mastectomy would also have breast reconstruction and that the cost of 


mastectomy following local recurrence with EBRT in the manufacturer’s 


model appears to include the cost of breast reconstruction for all patients. 


It noted that in the UK, only approximately 31% of the patients undergoing 


mastectomy would have breast reconstruction. It also noted that in the 


UK, the average number of fractions with EBRT is 15 instead of the 23 


fractions assumed in the manufacturer’s model. The Assessment Group 


also considered that the structure of the manufacturer’s model was 


simplified and that it would have been more appropriate to include an 


additional state for progressed disease. It also considered that a time 


horizon of 20 years used by the manufacturer was too short to reflect the 


entire follow-up period of the disease and that the exponential distribution 


applied by the manufacturer to extrapolate the local recurrence and 


survival data beyond the 5 years of TARGIT-A did not provide the best fit. 


Instead, the Assessment Group considered that the log-normal 


distribution provided a best fit. The Assessment Group also noted that the 


cost of EBRT which the manufacturer used in its model was inappropriate 


because it reflected ‘other radiotherapy treatment’. It considered that it 


was more appropriate to use the code that was described as ‘deliver a 


fraction of radiotherapy on a megavoltage machine’ which included 


‘external beam radiotherapy delivered by linear accelerator’. It also stated 


that the manufacturer was inconsistent with the source of costs used in 


the model because the cost following local recurrence with Intrabeam 


(lumpectomy) and the cost of following local recurrence with EBRT 


(mastectomy) were obtained from Payments by Results tariff 2013-14 and 


the cost of EBRT was obtained from the NHS Reference Costs 2012-13. 


The Assessment Group concluded that overall, the results of the 
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manufacturer’s model should be considered with caution because of 


methodological and reporting limitations.  


The Assessment Group’s model 


6.5 The Assessment Group developed an independent de-novo economic 


model to estimate the cost effectiveness of Intrabeam compared with 


EBRT for the adjuvant treatment of early operable breast cancer. The 


Assessment Group used a Markov model structure with 6 states: 


recurrence-free, local recurrence, disease-free after local recurrence, any 


other recurrence, death from breast cancer and death from other causes 


(see figure 4). Data from the pre-pathology group from TARGIT-A were 


used to guide the model inputs because the conclusions from the trial 


suggested that Intrabeam could be used as an alternative to postoperative 


EBRT but should not be used postoperatively as an alternative to EBRT. 


The Assessment Group also noted that in TARGIT-A, non-inferiority was 


not established for the post-pathology group. The cost-effectiveness 


analysis was conducted from an NHS and personal social services 


perspective, costs and outcomes were discounted at 3.5% per annum and 


a lifetime time horizon that equates to 40 years was used. The cycle 


length was 1 year and a half-cycle correction was applied. The 


Assessment Group assumed that all patients entered the model at an age 


of 62 years which is the median age of diagnosis of breast cancer in 


women in England.   
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Figure 4 Assessment Group’s model structure 
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 Source: Assessment Group’s report, figure 5, page 88 


 
6.6 All patients entered the model in the recurrence-free state and moved to 


local recurrence, any other recurrence or death from other cancer. The 


Assessment Group assumed that only 1 local recurrence was possible 


and that it was only possible to die from breast cancer whilst in the any 


other recurrence state. Transition probabilities of local recurrence, any 


other recurrence while recurrence-free, and death from breast cancer 


were derived from TARGIT-A. The probability of any other recurrence 


given local recurrence was obtained from Bock et al. (2009) and all-cause 


mortality adjusted by age was derived from data from the Office of 


National Statistics.  


6.7 Local recurrence probabilities were derived from the Kaplan-Meier data 


from TARGIT-A for both treatment groups and parametric curves were 


fitted to extrapolate the data beyond the 5 years duration of the trial. The 
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Assessment Group investigated the fit of different parametric curves and 


concluded that the log-normal and Weibull distributions provided the best 


fit. The Assessment Group noted that its clinical advisers suggested that 


the risk of local recurrence continues relatively liner over the lifetime of the 


patient and that the proportion of people with local recurrence after 40 


years was much higher with the Weibull distribution compared with the 


log-normal distribution (see figure 5). Because using the log-normal 


distribution did not accelerate the rate of local recurrence as steeply as 


with the Weibull distribution, it thereby showed that median survival was 


longer, therefore the Assessment Group chose the log-normal distribution 


for the base-case analysis. 


Figure 5 Kaplan-Meier plot of local recurrence in the pre-pathology group of 
TARGIT-A and fitted distributions over 40 year time horizon  


 


Source: Assessment Group’s report, figure 7, page 93 


 


6.8 The probability of any other recurrence from the local recurrence-free 


state was calculated from TARGIT-A. To estimate the transitions from the 


local recurrence and disease-free after local recurrence states to the any 
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other recurrence state, the Assessment Group assumed that the 


probability of any other recurrence is higher for people who have already 


experienced a recurrence and, based on a study by de Bock et al. (2009), 


it derived the transition probabilities for its model. 


6.9 The probability of death from breast cancer is conditional to any other 


recurrence in the Assessment Group’s model. The Assessment Group 


derived these probabilities for both treatment groups from TARGIT-A and 


it assumed that time to death after any other recurrence was exponentially 


distributed. Therefore, the mean breast cancer survival after any other 


recurrence was approximately 21 months for the EBRT group and 17.5 


months for the Intrabeam group. For the analysis of overall mortality, the 


mortality risk was obtained from life tables in England and adjusted by 


demographics characteristics of women with breast cancer. The 


Assessment Group noted that although the number of non-breast cancer 


deaths in TARGIT-A was statistically significant lower in the EBRT group 


compared with the Intrabeam group, it did not seem that this difference 


were explained by an excess of deaths in the EBRT group but rather a 


shortfall of deaths in the Intrabeam group. The Assessment Group 


considered that this shortfall occurred by chance and because the mean 


age of patients included in the EBRT group was slightly lower. The 


Assessment Group confirmed that the annual probability of death in the 


EBRT group was similar to the one observed in the life tables in England 


and therefore, it applied the same probability of non-breast cancer death 


by age to both groups in the model. The Assessment Group applied non-


breast cancer mortality rates from TARGIT-A in sensitivity analyses. 


6.10 The Assessment Group obtained health-related quality of life data from its 


systematic review, specifically from the COMICE trial by Turnball et al. 


(2010) and from a Swedish study by Lidgren et al. (2007). The 


Assessment Group chose these studies because they included a patient 


population of similar age and characteristics of those assumed in the 


economic model and because the utility values were obtained using EQ-


5D and valued with the UK tariff. The Assessment Group noted that 
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utilities in the manufacturer’s model were obtained with the standard 


gamble technique and were not obtained from the general population. 


According to these studies and based on conclusions from another study 


by Hildebrandt et al. (2014), the Assessment Group applied the same 


utility value to the first year after local recurrence and to the second and 


following years after both primary breast cancer and local recurrence.  


Table 7 shows a summary of utility values used in the Assessment 


Group´s model. The Assessment Group did not apply a disutility 


associated with mastectomy based on the study by Robertson et al. 


(2012) which reported a higher utility value for people who had 


mastectomy and breast reconstruction than the utility value from the 


COMICE trial for wide local excision. The Assessment Group did not 


either assume any benefit from the initial treatment with Intrabeam 


compared with the 3-weeks treatment with EBRT because, given the 


annual cycle length of the model, the benefit associated with the one-off 


treatment with Intrabeam was likely to be small. Any impact of the 


treatment in terms of health-related quality of life was assumed to be 


captured by disease progression.  


Table 7 Utility values used in the Assessment Group’s economic model 


Model health state EQ-5D (SE) Source 


Recurrence free in 1st year 0.7728 
(0.0079) 


Turnbull et al. no MRI arm 8 weeks post-
randomisation time point 


Recurrence free after 1st 
year 


0.8112 
(0.0072) 


Turnbull et al no MRI arm 12 months post-initial 
surgery 


Local recurrence 0.8112 
(0.0072) 


Turnbull et al no MRI arm 12 months post-initial 
surgery 


Disease-free after local 
recurrence 


0.8112 
(0.0072) 


Turnbull et al no MRI arm 12 months post-initial 
surgery 


Any other recurrence 0.685 
(0.0293) 


Lidgren et al 


Source: Assessment Group´s report, table 24, page 98 


  


6.11 The Assessment Group stated that its model reflected the UK clinical 


pathway and based on NICE clinical guideline on Early and locally 


advanced breast cancer (NICE clinical guideline 80) it assumed that the 


number of fractions required to complete a course of treatment with EBRT 



http://www.nice.org.uk/CG80

http://www.nice.org.uk/CG80
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was 15. It also assumed that 80% of the patients received mastectomy at 


local recurrence based on advice from its clinical advisers and that 31% of 


patients who received mastectomy would also receive breast 


reconstruction based on advice from its clinical advisers and data from the 


National Mastectomy and Breast Reconstruction Audit (2011). The 


Assessment Group noted that varying the proportion of patients who have 


mastectomy after local recurrence and the proportion of patients who 


have breast reconstruction following mastectomy did not have a big 


impact on the ICER. The proportion of patients receiving Intrabeam who 


also received EBRT was assumed to be 15.2% based on TARGIT-A.  The 


Assessment Group assumed that the lifetime of the Intrabeam device was 


10 years and conservatively, that all patient receiving treatment with 


Intrabeam would need a radiation protection shield. Based on a study by 


Leonardi et al. (2012) and advice from its clinical advisers, the 


Assessment Group assumed that 16% of the people diagnosed with 


breast cancer would be eligible to receive treatment with Intrabeam. The 


Assessment Group applied an alternative proportion of 50% in a 


sensitivity analysis based on clinical advice. With a hospital catchment of 


1,000,000, the number of annual procedures with Intrabeam was 


assumed to be 126. The Assessment Group noted that varying the 


proportion of patients eligible to receive Intrabeam did not have a big 


impact on the ICER. 


6.12 Additional staff time cost was estimated based on clinical advice and the 


associated costs were obtained from the PSSRU Unit Costs of Health and 


Social Care (2013) using NHS pay bands of surgical consultant and 8b, 7 


and 5 (see tables 27 and 28, pages 100 and 101 in the Assessment 


Group’s report for full details). Because delivery of Intrabeam required 


extra time in the operating theatre, the cost of 1 hour in the operating 


theatre was obtained from the University Hospitals Southampton Finance 


Department January (2014). Costs for mastectomy with and without 


breast reconstruction, wide local excision, and planning and delivery of 


EBRT were obtained as weighted averages from NHS Reference Costs 
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(2012-13) (see table 8). With a hospital catchment of 1,000,000 and the 


number of annual procedures with Intrabeam estimated to be 126, the 


cost of Intrabeam per procedure was calculated to be £1882. The 


Assessment Group did not include costs associated with adverse events 


because the only adverse events which showed a statistically significant 


difference between treatment groups occurred in less than 3% of the 


population in TARGIT-A. It did not include any cost of post-progression 


therapies in the model to avoid potential confounding assumptions and 


because of lack of data on the type of any other recurrence in the pre-


pathology group in TARGIT-A.  


Table 8 Costs in the Assessment Group’s model 


Model input Value Source 


Cost of mastectomy with 
reconstruction 


£7822 HRG codes JA27Z and 


JA28Z  


Cost of wide local excision £1542 HRG codes JA24D, 


JA24E and JA24F 


Cost of mastectomy £2510 HRG codes JA20D, 
JA20E and JA20F 


Cost of delivering a 
fraction of radiotherapy on 
a megavoltage machine 


£118.44 HRG codes  SC22Z and 


SC23Z 


Cost of preparation for 
simple radiotherapy 


£323.65 HRG  codes SC45Z, 
SC46Z, SC47Z and 
SC48Z    


Cost of 1 hour in 
operating theatre 


£569 University Hospitals 
Southampton Finance 
Department January 
2014 


Source: Adapted from Assessment Group’s report, tables 30 and 3, pages 102 and 103  


 


6.13 The results of the Assessment Group’s cost-effectiveness analysis of 


Intrabeam compared with EBRT for the adjuvant treatment of early breast 


cancer showed that Intrabeam cost £140 less and provided 0.088 less 


quality-adjusted life years (QALY) compared with EBRT resulting in an 


incremental cost-effectiveness ratio (ICER) of £1596 saved per QALY lost 


(see table 9). The Assessment Group noted that In situations in which an 


ICER is derived from a technology that is less effective and less costly 


than its comparator, the commonly assumed decision rule of accepting 
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ICERs below a given threshold is reversed, and so the higher the ICER, 


the more cost effective a treatment becomes. 


Table 9 Base case cost-effectiveness results 


Intervention 
Total 
costs (£) 


Total 
LYG 


Total 
QALYs 


Incremental 
Cost (£) 


Incremental 
QALYs 


ICER (£ 
saved / 
QALY lost) 


EBRT     2,368 20.72 11.329 - - - 


INTRABEAM     2,227 20.51 11.241 -140 -0.088 1,596* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ 
saved per QALY lost associated with replacing EBRT with INTRABEAM 


Source: Assessment Group´s report, table 34, page 108 


 


6.14 The Assessment Group undertook sensitivity analyses to explore the 


impact of changes in the parameters in the ICER. The results of the 


deterministic sensitivity analyses showed that the cost-effectiveness 


results were more sensitive to the probability of any other recurrence for 


both treatment groups. When a lower probability of any other recurrence 


was assumed in the Intrabeam group or a higher probability of any other 


recurrence was assumed in the EBRT group, Intrabeam was a cost-


effective treatment compared with Intrabeam for a maximum acceptable 


ICER of £20,000 per QALY gained. In contrast, when a higher probability 


of any other recurrence was assumed in the Intrabeam group or a lower 


probability of any other recurrence was assumed in the EBRT group, 


EBRT became the most cost-effective alternative at a maximum 


acceptable ICER of £20,000 per QALY gained. The cost-effectiveness 


results were also sensitive to the probability of death from breast cancer in 


the Intrabeam group and to changes in parameter values considered for 


the beta coefficient for the Intrabeam group in the log-normal model of 


time to local recurrence. Changes between higher and lower values for 


these parameters changed the consideration of the most cost-effective 


alternative at a maximum acceptable ICER of £20,000 per QALY gained. 


The results of the probabilistic sensitivity analysis also showed that the 


degree of uncertainty around the cost-effectiveness results was high. The 


cost-effectiveness plane showed that simulations of the ICER of 


Intrabeam compared with EBRT fell in the 4 quadrants (see Figure 6). 
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Figure 6 Cost-effectiveness plane of Intrabeam compared with EBRT 


 


Source: Assessment Group´s report, figure 11, page 116 


 


6.15 The Assessment Group also conducted 5 scenario analyses applying the 


following assumptions to the model (see table 10): 


 Scenario 1: Fitting and applying a Weibull distribution to the 5 years 


Kaplan-Meier data from TARGIT-A for the probability of non-breast 


cancer death, and applying mortality rates from the general population 


based on life tables from England thereafter, 


 Scenario 2: Changing the estimated number of patients receiving 


Intrabeam to 100 patients as per the manufacturer´s model (this 


equates to a catchment population of a hospital offering treatment with 


Intrabeam of 795,000 people) 


 Scenario 3: Applying a disutility because of mastectomy to the local 


recurrence and the disease free after local recurrence states 


 Scenario 4: Applying a disutility because of mastectomy to the local 


recurrence state only. The Assessment Group noted that although 


fewer patients had a mastectomy in the Intrabeam group compared 


with EBRT at local recurrence, the rate of local recurrence was higher 
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in the Intrabeam group than in the EBRT group. Therefore, the net 


effect was that the utility decrement because of mastectomy was 


greater in the Intrabeam group than in the EBRT group 


 Scenario 5: Using alternative utility values from Hind et al. (2007) 


applied in a previous submission to NICE in which the utility values for 


the ‘local recurrence’ (0.61) and ‘recurrence-free’ (0.78) states were 


different. The utility values for the ‘disease-free after local recurrence’ 


and ‘any other recurrence’ states were equal to 0.71 and 0.42 


respectively. In the study by Hind et al. these utility values were 


obtained from patients or clinical experts using the time trade-off 


technique. 


Table 10 Results of the assessment’s group scenario analyses 


Scenario Intervention 
Incremental 
Cost (£) 


Incremental 
QALYs 


ICER 
(£/QALY) 


Scenario 1 
    Intrabeam 
vs EBRT 


-132 0.166 Dominating 


Scenario 2 
    Intrabeam 
vs EBRT 


47 -0.088 Dominated 


Scenario 3 
    Intrabeam 
vs EBRT 


-140 -0.090 1,563* 


Scenario 4 
    Intrabeam 
vs EBRT 


-47 -0.088 1,592* 


Scenario 5 
    Intrabeam 
vs EBRT 


-140 -0.093 1,517* 


Note: Dominating: Intrabeam is associated with both less cost and greater benefits than EBRT; 
Dominated: Intrabeam is associated with both higher cost and less benefits than EBRT; * 
INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ 
saved per QALY lost associated with replacing EBRT with INTRABEAM 


Source: Adapted from Assessment Group´s report, tables 41, 42, 43, 44 and 46, pages 117 – 120. 


 


6.16 The Assessment Group also conducted an illustrative scenario analysis 


including post-progression therapies (see table 11). Because TARGIT-A 


did not provide information about the type of recurrence in the pre-


pathology group; the Assessment Group assumed that 60% of 


recurrences in the ‘any other recurrence’ state were distant recurrences 


based on TARGIT-A data for the whole population and data from the 


literature, and that mortality after any other recurrence was the same in 


both treatment groups. The Assessment Group noted that it assumed the 
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same mortality after any other recurrence (applying the probability of 


death for EBRT in the base case) because the data from the trial showed 


that mortality after any other recurrence was higher in the Intrabeam 


group and including costs for this state without adjustment would result in 


additional incremental cost for EBRT. The cost of post-progression 


therapies were obtained from Hind et al. (2007) and inflated to 2013 using 


the Hospital and Community Health Services prices index and were equal 


to £12,122 for the annual cost of metastatic disease (active treatment and 


supportive care)  and £3,669 for the cost of end of life care for a patient 


with breast cancer. 


Table 11 Results of the Assessment Group’ scenario analysis including post-
progression therapies  


Intervention 
Total 
costs (£) 


Total 
LYG 


Total 
QALYs 


Incremental 
Cost (£) 


Incremental 
QALYs 


ICER (£ 
saved / 
QALY lost) 


EBRT 4,662 20.72 11.329 - - - 


INTRABEAM 4,652     20.51 11.268 -10 -0.061 157* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ 
saved per QALY lost associated with replacing EBRT with INTRABEAM 


Source: amended from Assessment Group´s report, table 47, page 121 


 


6.17 The Assessment Group also included an assessment of factors relevant 


to the NHS and other parties. It noted that for the year 2011-12, breast 


cancer accounted for 28% of radiotherapy services delivered by 256 linear 


accelerators in the UK, and that it is expected that the need for 


radiotherapy would increase during the next few years, estimating an 


increase up to 412 linear accelerators by 2016. Because there are only 8 


Intrabeam devices currently available in the NHS, it is expected that the 


investment in Intrabeam equipment would be high if it becomes widely 


available in the NHS. The Assessment Group noted that in addition to the 


capital cost, there would also be a need to invest in staff training. The 


Assessment Group also received comments from its advisory group 


stating that the additional operating theatre time required with Intrabeam 


could potentially add pressure to breast cancer clinics although this 


impact could be mitigated in those clinics where lymph node analysis is 
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already undertaken intraoperatively using the RD-100i OSNA system 


because treatment with Intrabeam could be delivered and completed 


within this time. The Assessment Group also commented on the potential 


of Intrabeam freeing-up radiotherapy resources. It assumed that the 


proportion of people with an incident diagnosis of breast cancer that would 


be eligible to receive treatment with Intrabeam was 16%, and therefore 


the proportion of radiotherapy services required for treating breast cancer 


would decrease to 24%. The Assessment Group highlighted that this drop 


would be expected to be less than 24% because some patients receiving 


Intrabeam may be at high risk of recurrence and receive additional 


treatment with EBRT and some patients could experience recurrence and 


choose to receive local excision and further treatment with EBRT. The 


Assessment Group also noted the ongoing FAST-Forward trial, which 


investigates the potential to provide a shorter course of treatment with 


EBRT (5 fractions compared with the actual 15 fractions given as 


established practice in the UK), and that the potential impact this could 


have in freeing-up radiotherapy resources is greater than with the 


introduction of Intrabeam. It also noted the potential for identifying a 


subset of patients who would not need to receive EBRT treatment might 


also free up radiotherapy resources in the future. 


7 Comments received during consultation of the 


Assessment Report 


7.1 Summary of the comments received: 


 Clinical practice: Consultees noted that in clinical practice, the 


proportion of patients who have mastectomy after local recurrence is 


lower and the proportion of patients who have breast reconstruction 


following mastectomy is higher than the proportions assumed by the 


Assessment Group in its report. It was highlighted that people who 


received EBRT cannot be treated with conservative lumpectomy and 


breast conservation after whole breast radiation. It was also noted that 
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Intrabeam could still be used if there is recurrence after the use of 


EBRT. 


 TARGIT-A follow-up: One consultee noted that the follow-up in the 


trial was long enough to show any effect from surgery or radiation. It 


stated that the period in which the peak hazard of local recurrence after 


surgery is observed is 2 – 3 years and that in the TARGIT-A trial 1222 


patients had a median follow-up of 5 years and 2232 patients had a 


median follow-up of nearly 4 years. 


 Extrapolation of trial data: One consultee stated that it was not 


appropriate to extrapolate the trial data to 40 years, especially for local 


recurrence. The consulttee noted that the peak of local recurrence is 


observed during the first 2 – 3 years after surgery and radiation, and 


therefore, the trial data should not be extrapolated beyond 5 years. It 


was also noted that any other recurrence is not affected by the 


intervention and it is not related to local recurrence and that local 


recurrence does not have an impact on survival. The consultee 


considered that it was more appropriate to use disease-free survival in 


the model. 


 Use of resources, cost and utility assumptions: Consultees 


highlighted that therapeutic radiographers are not mentioned in the staff 


categories considered by the Assessment Group in its report but they 


are core staff for the delivery of high quality radiotherapy. They also 


considered that the training costs specified by the Assessment Group 


should not be defined as considerable because non-surgical 


radiotherapy teams are already trained in the core requirements of 


radiotherapy and therefore, they would only require technical updates 


in the process and practice associated with Intrabeam. It was also 


noted that the additional time in the operating theatre is on average 30 


minutes because sentinel lymph node evaluation is carried out at the 


same time. It was noted that the NHS radiotherapy equipment is old 


and needs to be replaced so both increased training and new 


equipment will be necessary. One consultee highlighted that the 


Assessment Group did not apply the costs of modern EBRT practices 
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and noted that this inclusion would lead to higher costs in the EBRT 


group. It was noted that the proportion of patients eligible to receive 


treatment with Intrabeam is higher (30 – 50%) and thus, the cost of 


Intrabeam per patient is lower than the cost assumed by the 


Assessment Group in its model. One consultee further noted that it was 


questionable to assign a lower utility value to the ‘any other recurrence 


state’. 


 Non-breast cancer mortality: Consultees also highlighted that the 


Assessment Group’s conclusion on a lower mortality in the Intrabeam 


group compared with the EBRT group because of chance or the 


possible younger age of people in the Intrabeam group was erroneous. 


They stated that the mean age in both treatment groups was 


comparable, that the fact that the whole breast radiation is associated 


with cardiac toxicity and ionizing radiations which increase the 


subsequent rate of ischemic heart disease was ignored in the 


Assessment Group’s report and that the inclusion of deaths because of 


ischemic bowel and stroke in the EBRT group would have increased 


the mortality rate because of cardiovascular death in this group.  


 Adverse effects: It was raised that, because of the known adverse 


effects of radiotherapy (damage to organs), it is currently given with the 


patient lying on their front to protect organs. It was highlighted that less 


radiotherapy toxicity should be seen as a key consideration, particularly 


when it is derived by the introduction of a single treatment with 


Intrabeam compared with a regimen of at least 3-weeks of 


radiotherapy.  


 Patient needs: It was noted that although more research is needed to 


confirm the long-term benefits of Intrabeam, women aged between 40 


and 50 years need a fast and effective treatment because a long-term 


absence from work could be very difficult and expensive for them and 


their families. Consultees also noted that an older woman may not live 


long enough to benefit from treatment if further research is requested to 


allow Intrabeam to be available in the NHS.  
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8 Equality issues 


8.1 No equality issues were identified during scoping consultation or in the 


evidence submitted. 


9 Innovation 


9.1 The manufacturer noted that Intrabeam is an innovative technology with 


important health-related benefits such as a better survival, a better side 


effects profile and better quality of life independently from the treatment 


option (as the sole method of treatment or as a boost followed by EBRT). 


It also highlighted that Intrabeam is particularly beneficial because it is 


given at the same time as surgery and because the source of radiation is 


placed directly in the tumour cavity. The manufacturer also highlighted 


that Intrabeam can be given to patients in whom treatment with EBRT is 


not advised. 


10 Authors 


Pilar Pinilla-Dominguez  


Technical Lead(s) 


Joanna Richardson 


Technical Adviser 
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ABSTRACT 
Background:  Initial treatment for early breast cancer is usually either breast conserving surgery 


(BCS) or mastectomy.  After BCS whole breast external beam radiotherapy (EBRT) is the standard of 


care.  A potential alternative to post-operative EBRT is intraoperative radiation therapy delivered by 


the INTRABEAM® Photon Radiotherapy System (Carl Zeiss UK) to the tissue adjacent to the 


resection cavity at the time of surgery. 


Objective:  To assess the clinical and cost-effectiveness of INTRABEAM for the adjuvant treatment 


of early breast cancer during surgical removal of the tumour. 


Methods: Systematic reviews of clinical effectiveness, health-related quality of life and cost-


effectiveness were conducted.  Electronic bibliographic databases, including MEDLINE, EMBASE 


and The Cochrane Library, were searched to March 2014 for English-language articles. 


Bibliographies of articles, systematic reviews, clinical guidelines and the manufacturer’s submission 


were also searched.  The advisory group was contacted to identify additional evidence. Two reviewers 


independently screened titles and abstracts for eligibility.  Inclusion criteria were applied to full texts 


of retrieved papers by one reviewer and checked by a second reviewer. Data extraction and quality 


assessment were undertaken by one reviewer and checked by a second reviewer. Differences in 


opinion were resolved through discussion at each stage.  Clinical effectiveness studies were included 


if they were in people with early operable breast cancer. The intervention was the INTRABEAM 


system compared against EBRT, and study designs were randomised controlled trials.  Controlled 


clinical trials could be considered if data from available RCTs were incomplete.  A cost-utility 


decision analytic model was developed to estimate the costs, benefits and cost-effectiveness of 


INTRABEAM compared to EBRT for early operable breast cancer. 


Results:  One non-inferiority randomised controlled trial (TARGIT-A) met the inclusion criteria for 


the review. The review found that local recurrence was slightly higher following INTRABEAM than 


EBRT but the difference did not exceed the 2.5% non-inferiority margin providing INTRABEAM 


was given at the same time as BCS.  Overall survival was similar with both treatments. Statistically 


significant differences in complications were wound seroma requiring more than three aspirations 


(more frequent in the INTRABEAM group) and an RTOG toxicity score of grade 3 or 4 (less frequent 


in the INTRABEAM group).  Cost-effectiveness analysis indicates that INTRABEAM is less 


expensive but also less effective than EBRT because it is associated with lower total costs but fewer 


total QALYs 


Limitations:  The base case result from the model is subject to uncertainty because the disease 


progression parameters are largely drawn from the single available RCT.  The RCT median follow-up 


of two years five months may be inadequate, particularly as participants with local recurrence are 


small.  The model is particularly sensitive to this parameter. 


Conclusions and implications:  A significant investment in INTRABEAM equipment and staff 


training (clinical and non-clinical) would be required to make this technology available across the 
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NHS.  Longer term follow-up data from the TARGIT-A trial and analysis of registry data are required 


as results are currently based on a small number of events and economic modelling results are 


uncertain. 


Systematic review registration number: CRD42013006720 


 


Word count: 493 
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Scientific Summary 


Background 


Breast cancer is the most common cancer in women in England with 41,523 new diagnoses in 2011.  


Earlier detection and improved treatment for breast cancer in women has led to a rise in survival with 


3-year net survival in early breast cancer of 99.3% (TMN stage 1 disease) and 92.4% (TMN stage 2 


disease). 


 


The focus of this assessment is the treatment of early breast cancer.  Definitions vary but for the 


purposes of this assessment includes early invasive cancer where the tumour has not spread beyond 


the breast or the lymph nodes (which remain mobile) in the armpit on the same side as the affected 


breast.  The first treatment option for early breast cancer is usually surgery, which may be wide local 


excision of the tumour [breast conserving surgery (BCS)] instead of mastectomy.  Post-operative 


whole breast external beam radiotherapy (EBRT) is the standard of care for all patients with early 


invasive breast cancer after BCS, because it substantially reduces the risk of recurrence and 


moderately reduces the risk of breast cancer death. 


 


A potential alternative to post-operative EBRT is treatment with the INTRABEAM® Photon 


Radiotherapy System (Carl Zeiss UK).  The INTRABEAM device can be used to deliver 


intraoperative radiation therapy to the tissue adjacent to the resection cavity in an ordinary operating 


theatre at the time of surgery. 


 


Objectives 


To assess the clinical and cost-effectiveness of INTRABEAM for the adjuvant treatment of early 


breast cancer during surgical removal of the tumour. 


 


Methods 


Data sources 


Electronic resources including MEDLINE, EMBASE, The Cochrane Library and Web of Science 


were searched for published studies and ongoing research from inception to March 2014 for English 


language articles.  Bibliographies of included articles, systematic reviews, clinical guidelines and the 


manufacturer’s submission to NICE were also searched for additional studies.  An advisory group was 


contacted to identify additional published and unpublished evidence. 


Study selection 


Titles and abstracts were screened for eligibility by two reviewers independently.  Inclusion criteria 


were applied to full texts by one reviewer and checked by a second reviewer.  Inclusion criteria were 


as follows: 


 Intervention: INTRABEAM device with or without post-operative EBRT 
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 Comparator: EBRT delivered by linear accelerator 


 Population:  People with early operable breast cancer.  People with a local recurrence were 


excluded.  For the systematic review of health-related quality of life (HRQoL) the population 


was not limited to early stage breast cancer. 


 Outcomes: Overall survival; disease-free survival; ipsilateral local recurrence; adverse effects 


of treatment; HRQoL, cost-effectiveness (expressed in units such as life-years gained or 


quality-adjusted life years, or in monetary units). 


 Study design: Randomised controlled trials (good-quality controlled clinical trials could be 


considered if the data from RCTs were incomplete) for the review of clinical effectiveness; 


full cost-effectiveness analyses, cost utility analyses and cost benefit analyses for the 


systematic review of cost-effectiveness; primary research studies based in the UK, Europe, 


Northern America and Australasia for the systematic review of QoL. 


Abstracts or conference presentations were eligible for inclusion only if sufficient details were 


presented. 


Data extraction and quality assessment 


Data extraction and quality assessment were undertaken by one reviewer and checked by a second 


reviewer. Differences in opinion were resolved by discussion at each stage. 


Data synthesis 


Data were synthesised through narrative reviews with full tabulation of the results of included studies. 


Economic model 


A cost-utility decision analytic model was developed to estimate the costs, benefits and cost-


effectiveness of INTRABEAM compared to EBRT for early operable breast cancer.  The intervention 


effects and characteristics of the modelled patient population were obtained from RCT data identified 


by the clinical effectiveness systematic review.  The perspective of the analysis was that of the NHS 


and Personal Social Services in the UK.  A lifetime (40 year) horizon was used to estimate costs and 


benefits from each treatment.  Future costs and benefits were discounted at 3.5% per annum and the 


outcomes were reported as the cost saved per QALY lost. 


 


Results 


Systematic review of clinical effectiveness:  


From 655 records screened, 44 references were retrieved for consideration.  One non-inferiority RCT, 


the TARGIT-A trial which evaluated whether INTRABEAM treatment was no worse than EBRT, met 


the inclusion criteria.  The trial was judged to be at a low risk of bias.  Results were reported for the 


whole trial population (n=3,451) and separately for the pre-pathology stratum (n= 2,298 


randomisation to INTRABEAM or EBRT prior to wide local excision of the primary tumour) and the 


post-pathology stratum (n=1,153 randomisation after initial surgery to either INTRABEAM as a 
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second procedure or EBRT).  Median follow-up was two years five months, with 35% of participants 


achieving median follow-up of five years.   


Local recurrence: 


Local recurrence in the conserved breast (primary outcome) for the whole trial population was higher 


in the INTRABEAM group than the EBRT group (3.3% versus 1.3%) however the absolute 


difference in 5-year risk of local recurrence did not exceed the 2.5% non-inferiority margin.  A similar 


result was observed for the prepathology stratum. In the post-pathology stratum the non-inferiority 


margin was exceeded and non-inferiority was not established.   


Overall survival: 


Overall survival (secondary outcome) for the whole trial population did not differ statistically 


significantly between INTRABEAM and EBRT arms (3.9% versus 5.3%, p=0.099).  Rates of breast 


cancer deaths were similar but there were significantly fewer non-breast cancer deaths in the 


INTRABEAM group compared to the EBRT group.  In the pre-pathology stratum lower overall 


mortality was observed in the INTRABEAM group because there were significantly fewer non-breast 


cancer deaths.  In the post-pathology stratum overall mortality, breast cancer and non-breast cancer 


mortality were similar between treatment groups.   


Complications: 


Wound seroma requiring more than three aspirations occurred more frequently in the INTRABEAM 


group (2.1% versus 0.8%, p=0.012 whereas an RTOG toxicity score of grade 3 or 4 was less frequent 


in the INTRABEAM group (0.5% versus 2.1%, p=0.002).  These were the only statistically 


significant differences in complications. 


HRQoL sub-study 


One small single-centre sub-study n=88 did not identify any statistically significant differences in 


QoL measures between the study arms. 


Systematic review of cost-effectiveness: 


From 184 citations screened ten references were retrieved for consideration. Three publications were 


included, two on the same economic model.  Outcomes from both models suggested that 


INTRABEAM was a cost-effective option when compared to EBRT.  In one model the ICER for 


INTRABEAM dominated EBRT being both cheaper and more effective. In the other model the costs 


per QALY for EBRT compared with INTRABEAM ranged from $89,234/QALY to $108,735/QALY 


depending on the difference in whole breast irradiation rates. 


Systematic review of HRQoL: 


From 939 records screened 65 studies were retrieved for consideration.  Nine studies were included 


which provided EQ-5D data for five of seven health states potentially relevant for the independent 


model. 
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Manufacturer’s economic evaluation: 


The manufacturer’s submitted model indicates that INTRABEAM is associated with higher QALYs 


and lower costs with the incremental analysis showing dominance of INTRABEAM over EBRT.  A 


PSA showed INTRABEAM had a 100% probability of being cost effective, at both the £20,000 and 


£30,000 thresholds. 


Independent economic evaluation: 


The assessment group’s model finds INTRABEAM to be less expensive but also less effective than 


EBRT because it is associated with lower total costs but fewer total QALYs.  The base case ICER to 


replace EBRT with IORT is £1,596 saved per QALY lost.  INTRABEAM is therefore not cost-


effective compared to EBRT at a willingness-to-pay of £20,000 per QALY.  The PSA indicates that 


EBRT has a greater probability than INTRABEAM of being cost-effective at the £20,000 and 


£30,000 per QALY willingness-to-pay thresholds.  INTRABEAM has a higher probability of being 


cost-effective than EBRT at thresholds of around £5,000 per QALY or less.  Deterministic sensitivity 


analysis finds four parameters where the difference between upper and lower values causes a switch 


in the treatment option which is considered cost-effective at the £20,000 per QALY threshold.  The 


parameters to which the model is most sensitive are the probability of any other recurrence assumed 


for EBRT and INTRABEAM, the beta coefficient for the time to local recurrence (INTRABEAM) 


and the probability of death from breast cancer (INTRABEAM). 


 


Discussion 


Systematic reviews and an economic evaluation have been carried out independent of any vested 


interest.  A de novo economic model was developed following recognised guidelines and systematic 


searches were conducted to identify data inputs for the model.  The base case result is subject to 


uncertainty because the disease progression parameters are largely drawn from the single available 


RCT.  This RCT has a median follow-up of two years five months, which may be inadequate 


particularly as numbers of participants experiencing a local recurrence in the prepathology stratum are 


small.  The model is particularly sensitive to this parameter.   


 


Conclusions 


A significant investment in INTRABEAM equipment and staff training (clinical and non-clinical) 


would be required to make this technology available across the NHS.  Longer term follow-up data 


from the TARGIT-A trial and analysis of registry data are required as results are currently based on a 


small number of events and economic modelling results are uncertain. 


 


Word count: 1468 
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Plain English Summary 


Breast cancer is the most common cancer in women in England.  In early stage breast cancer the 


tumour has not spread beyond the breast or armpit lymph glands on the same side as the affected 


breast.  Initial treatment may be breast conserving surgery (BCS) (removal of the tumour but keeping 


an intact breast) or mastectomy (total removal of the breast).  After BCS a three-week course of 


external beam radiotherapy (EBRT) reduces the risk of breast cancer returning in the affected breast 


(local recurrence).  A new radiotherapy approach is single treatment radiotherapy delivered using the 


INTRABEAM® Photon Radiotherapy System. We used standard systematic methods to identify all 


the current evidence comparing EBRT with INTRABEAM and one study, the TARGIT-A trial was 


included.  Local recurrence was slightly higher following INTRABEAM than EBRT providing 


INTRABEAM was given at the same time as BCS, but the likelihood of dying from breast cancer was 


similar with both treatments.  INTRABEAM patients more frequently experienced fluid pockets that 


were drained more than three times but radiation therapy toxicity was less frequent than with EBRT.  


In our economic model, INTRABEAM was less expensive but also less effective than EBRT.  The 


results from the model changed when different estimates for treatment effects (e.g. local recurrence, 


probability of death from breast cancer) were tested.  The longer term effects of INTRABEAM are 


not known and further research on this is needed. 
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LIST OF ABBREVIATIONS 


 


BCS Breast conserving surgery 


BRCA1 and 


BRCA2 


Breast cancer genes 1 and 2 


CCT Controlled clinical trial 


CDSR Cochrane Database of Systematic Review 


CI Confidence interval 


CPCI Conference Proceedings Citation Index 


CRD Centre for Reviews and Dissemination 


DARE Database of Abstracts of Reviews of Effectiveness 


DCIS Ductal carcinoma in situ 


DNA Deoxyribonucleic Acid 


EBRT external beam radiotherapy 


EG Excellent or good 


EORTC European Organisation for Research and Treatment of Cancer 


EQ-5D European Quality of Life - 5 Dimensions 


ER Estrogen receptor alpha 


GAINS Galway Index of Survival 


GP General Practitioner 


Gy Gray 


HDC High dose chemotherapy 


HER2 Human epidermal growth factor receptor 2 


HR Hazard ratio 


HRQoL Health-related quality of life 


ICER Incremental cost-effectiveness ratio 


IORT intraoperative radiation therapy 


IQR Interquartile range 


ITT Intention-to-treat 


LENT SOMA Late Effects in Normal Tissues Subjective, Objective, Management and 


Analytic 


Linac Linear accelerator 


LRR Local recurrence rate 


MS Manufacturer’s submission 


MTA Multiple Technology Appraisal 


NHS National Health Service 


NHS EED NHS Economic Evaluation Database 


NICE National Institute for Health and Care Excellence 


NIHR National Institute for Health Research 


NOS Not otherwise specified 


NPI Nottingham Prognostic Index 


NST No special type 


OR Odds ratio 


PgR Progesterone-receptor 


PSA Probabilistic sensitivity analysis 


PSS Personal Social Services 


QALY Quality Adjusted Life Year 


QLQ-BR23 QoL questionnaire - Breast Cancer Module 


QLQ-C30 QoL questionnaire - C30 


QoL Quality of life 


RCT Randomised controlled trial 


RT Radiotherapy 


RTOG Radiation Therapy Oncology Group 
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SCIE Science Citation Index Expanded 


SD Standard deviation 


SE Standard error 


SHTAC Southampton Health Technology Assessments Centre 


SLNB Sentinel lymph node biopsy 


TARGIT TARGeted Intraoperative radioTherapy 


TNM Tumour Node Metastases 


UK United Kingdom 


VAS Visual analogue scale 


WB Whole breast 


WHO ICTRP World Health Organisation international clinical trials research platform 


WLE Wide local excision 


XRS X-ray source 
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1 BACKGROUND 


1.1 Description of underlying health problem 


Breast cancer is the most common cancer in women in England with 41,523 new diagnoses in 2011.
1
  


It accounts for about a third of all cancers in women
2
 but is rare in men, accounting for less than 0.25% 


of cancers in 2011 (303 new diagnoses in England in 2011).
1
  Consequently the primary focus of this 


report is breast cancer in women, and where data are presented for men this is clearly indicated. 


 


Breast cancer aetiology  


Breast cancer, in common with all other cancers, is caused by DNA mutations that disrupt the normal 


maintenance of cellular identity, growth and differentiation.
3
  The majority of breast and other cancers 


develop from somatic mutations
3;4


 resulting from errors in processes such as DNA replication, DNA 


modification, or DNA repair
4;5


 which in turn may be influenced by environmental and/or dietary 


factors.
6
  A small proportion of cancer types arise from inheritable single-gene disorders,


3
 for example 


BRCA1 and BRCA2 are genes associated with inheritable breast cancer.
4;7-9


 


 


There are two main forms of breast cancer: non-invasive, where the cancer cells have not spread; and 


invasive, where the breast cancer cells can potentially spread to the surrounding breast tissue, or 


beyond.  Approximately 10% of newly diagnosed breast cancer cases are non-invasive, the majority 


of these non-invasive cancers (approximately 90%) being ductal carcinoma in situ (DCIS).
10


  In 


DCIS, cancer cells have developed inside milk ducts but have not yet developed the ability to spread 


beyond the ducts.  DCIS is usually identified following a mammogram as it rarely forms a lump.  The 


remaining 90% of newly diagnosed breast cancer cases are various types of invasive breast cancer. 


 


When breast cancer is diagnosed information is gathered to describe and classify it according to a 


variety of characteristics.  Much of the information required can only be obtained from samples taken 


during surgical removal of the primary tumour.  Key aspects include:
11


 


 histological type (e.g. invasive ductal carcinoma, invasive lobular carcinoma) 


 histological grade ranging from low (slow growing) to high (fast growing) 


 stage based on the Tumour Node Metastases (TNM) classification (see Table 1 and Table 2) 


 oestrogen receptor alpha (ER) status 


 human epidermal growth factor receptor 2 (HER2) status 


 DNA profile  


This information is essential for deciding what local and systemic treatments may be required and 


provides information about prognosis.  The focus of this assessment is the treatment of early breast 


cancer, however it should be noted that there is no internationally agreed single definition of early 
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breast cancer (e.g. in terms of TNM stage).  Typically however early breast cancer would be classified 


as TMN Stage I or Stage II (either IIa or IIb) with potentially some stage III tumours (those for which 


treatment could be curative). 


 


Table 1: Stage of breast cancer using the TNM classification
12;13


 


STAGE TNM (see Table 2) 


Stage 0 Tis
a
  N0  M0 


Stage I T1  N0  M0 


Stage IIa T1  N1  M0 or T2  N0  M0 


Stage IIb T2  N1  M0 or T3  N0  M0 


Stage IIIa T2  N2  M0 or T3  N1  M0 or T3  N2  M0 


Stage IIIb T4  N0  M0 or T4  N1  M0 or T4  N2  M0 


Stage IIIc any T  N3  M0 


Stage IV any T  any N  M1 


a
 DCIS.  M - Metastases, N - Node, T - Tumour 


 


Table 2: TNM classification scheme
12;13


 


Tumour stage Nodal stage Distant metastasis 


Tis 
a
 Tumour in situ N0 No regional lymph node 


metastasis 


M0 No distant 


metastasis 


T1 Tumour < 2 cm diameter N1 Mobile regional lymph 


node metastasis 


M1 Distant 


metastasis 


T2 Tumour 2 - 5 cm diameter N2 Fixed regional lymph node 


metastasis 


  


T3 Tumour > 5 cm diameter N3 Supraclavicular lymph 


node metastasis 


  


T4 Tumour fixed to skin/chest wall or 


inflammatory cancer 


    


a
 DCIS, M - Metastases, N - Node, T - Tumour 


 


The aim of treatment for early breast cancer is to provide a cure.  As already stated there are two 


major categories of early breast cancer: non-invasive ( in situ) disease - predominantly in the form of 


ductal carcinoma in situ (DCIS), and invasive cancer.
11


  For invasive cancer to be categorised as early 


breast cancer the tumour should not have spread beyond the breast or the lymph nodes (which remain 


mobile) in the armpit ipsilateral to (on the same side as) the affected breast.
13


  Once an invasive 


cancer has spread to distant sites (which may occur after initial treatment with curative intent) it is no 


longer curable but can be treated to control symptoms. 
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Breast cancer epidemiology 


In England in 2011 the age standardised rates of breast cancer incidence per 100,000 population were 


124.8 for women and 0.9 for men.
1
  For the period 2008-2010 the age-standardised rate for women in 


England was 125.7 (95% CI 125.0 to 126.4).
14


 The strongest risk factor for breast cancer is increasing 


age and consequently over 80% of new diagnoses of breast cancer in England are in women aged over 


50 years
1
 and in men aged over 60 years.


1
  Other important risk factors include obesity, alcohol 


consumption and lack of physical activity which are estimated to be linked to about 18.5% of UK 


female breast cancer cases.
15


 


 


There were 9,702 deaths of women, and 64 deaths of men from breast cancer in England in 2011.
16


  


The UK age-standardised mortality rate from breast cancer per 100,000 women in 2008-2010 was 


25.3 (95% CI 25.0 to 25.6).
14


  For women diagnosed with breast cancer during 2004-2006 and 


followed up to 2011 the age-standardised 1-year survival rate for all breast cancers was 94.7% and the 


5-year survival was 83.3%.
17


  Between 2002 and 2006 a statistically significant annual increase in 1-


year survival of 0.3% and in 5-year survival of 0.9% was observed.
17


  The rise in survival estimates 


has been due to earlier detection and improved treatment for breast cancer in women.
2
  An analysis of 


survival by stage at diagnosis for women in the UK diagnosed with invasive breast cancer (DCIS was 


excluded) during 2000-2007
18


 reported 1-year and 3-year net survival as shown in Table 3. 


 


Table 3: Age-standardised survival in the UK
a
 by invasive breast cancer stage at diagnosis 


TNM Stage 1-year net survival (95% CI) 3-year net survival (95% CI) 


TNM Stage 1 100% (100 to 100) 99.3% (99.2 to 99.4) 


TNM Stage 2 99.2% (99.2 to 99.3) 92.4% (92.2 to 92.7) 


TNM Stage 3 90.9% (90.5 to 91.4) 70.7% (69.9 to 71.5) 


TNM Stage 4 53.0% (52.0 to 54.0) 27.9% (26.9 to 28.9) 


a
 Data for these analyses (which excluded DCIS) came from five of the eight regional cancer registries because 


these had stage data for at least 50% of registered patients: Northern Ireland; Wales and the Northern and 


Yorkshire Cancer Registry and Information Service; Eastern Cancer Registration and Information Centre; 


Oxford Cancer Intelligence Unit; West Midlands Cancer Intelligence Unit.  The study defined net survival as the 


survival of cancer patients, after controlling for other causes of death. 


 


Breast cancer diagnosis 


In England the main routes to diagnosis for the majority of breast cancer cases are via the NHS Breast 


Cancer Screening Programme or urgent (two week wait) referrals from a GP due to a suspicion of 


cancer. The breast cancer screening programme targets women aged 50-69 years (with extension from 


47 to 73 ongoing and expected to be completed after 2016).  For 2006-2008 just over 50% of breast 
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cancer cases in the 50-69 years age group were diagnosed through screening whereas in other age 


groups (under 50 years and 70 years and older) over 50% of cases were diagnosed through the urgent 


GP referral route.
19


  Breast cancer screening aims to detect cancers at an early stage when they are too 


small to cause changes to the breast that can be observed or felt.  In England in 2011-12, 40.7% 


(6,403) of all the breast cancers detected by screening were invasive but small (less than 15mm in 


diameter).
20


  For breast cancers detected via routes other than screening there are no regularly 


published data on stage of breast cancer at diagnosis,
21


 however evidence suggests that the majority 


(at least 80%) of women are diagnosed with early disease (Stage I or Stage II) whatever their route to 


diagnosis.
22


 


 


The 2009 NICE Guideline ‘Early and locally advanced breast cancer: diagnosis and treatment’
11


 


provides recommendations for breast cancer diagnosis.  Diagnosis is made after triple assessment 


consisting of a clinical assessment, mammography and/or ultrasound imaging, and core biopsy and/or 


fine needle aspiration cytology.
11


  A multidisciplinary team should review and discuss the test results 


and if a cancer diagnosis is pathologically confirmed the team will suggest a treatment plan. 


 


Breast cancer natural history and prognosis 


The natural history of breast cancer is variable and incompletely understood.
23


  If left untreated, a 


typical invasive breast cancer might progress in the following manner.  Initially the breast cancer cells 


multiply thereby increasing the size of the tumour,
24


 and as the tumour proliferates the risk that 


metastatic cells will be generated increases.
25


  A key route for metastatic spread of breast cancer cells 


is via the lymphatic system.  If a breast cancer spreads, the primary place it spreads to is often the first 


lymph node (or nodes) receiving direct lymphatic drainage from the tumour.
24;25


  This lymph node is 


called the sentinel lymph node.
26


  The tumour can also spread to more distant lymph nodes and to 


systemic sites via the bloodstream (e.g. bone, lung, liver, brain).  It is also possible for tumour cells to 


metastasise via the vascular system directly to systemic sites.
25


  However, not all breast cancers 


metastasise.  Evidence from screening studies suggests that some screen detected breast cancers may 


regress spontaneously,
27


 and natural history may vary according to a variety of factors, for example 


genotype,
28


 hormone receptor status,
29


 and race.
30


 


 


The heterogeneous nature of breast cancer natural history has an impact when trying to provide a 


prognosis and tools have been developed which aim to predict invasive breast cancer outcome.  For 


example, the Nottingham Prognostic Index (NPI)
31


 (Table 4) is a tool that combines information on 


the size of the tumour, the number of lymph nodes involved and the histological grade to produce an 


overall score, with a higher score indicating a worse prognosis.  Other models have been developed 


which aim to more accurately predict outcome by including alternative indicators and/or more 


explanatory factors, for example, Predict
32


 and the Galway Index of Survival (GAINS).
33


  The 
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program Adjuvant! enables prognostic estimates of outcome either with or without therapy to be 


produced based on estimates of individual patient prognosis and data on the efficacy of a range of 


adjuvant therapy options.
34


 


 


Table 4: The Nottingham Prognostic Index
35


 


NPI = (T x 0.2) + L + G 


T = tumour size in cm 


L = lymph node stage, either 1 (0 lymph nodes involved), 2 (1-3 nodes), or 3 (> 3 nodes) 


G = histological grade, either 1, 2, or 3 


  


Score Prognostic Group 10-year survival
a
 


2.08–2.4 Excellent,   96% 


2.42 to ⩽3.4 Good,  93% 


3.42 to ⩽4.4 Moderate I 81% 


4.42 to ⩽5.4 Moderate II 74% 


5.42 to ⩽6.4 Poor 50% 


6.5–6.8 Very poor 38% 


a
 The 10 year breast cancer specific survivals are based on data from 2238 patients treated for breast 


cancer in 1990-1999 inclusive
35


 


 


Impact of breast cancer  


Psychological distress, chiefly in the form of anxiety, may be experienced by women from the initial 


diagnostic procedures for a suspected breast cancer,
36


 through all stages of treatment and beyond.
37;38


  


In addition to psychological aspects women may experience a range of physical problems for example 


arm and breast symptoms and/or lymphedema,
39;40


 and fatigue.
40


 


 


An analysis of patients’ free text comments from the Cancer Patient Reported Outcome Measures 


(PROMs) Survey in England
41


 identified a range of issues that may affect patients diagnosed with 


breast cancer.  These included poor body image following breast surgery, ongoing problems following 


surgery such as pain and lymphedema and problems associated with other non-surgical treatments for 


example hot flushes related to hormone treatments, burns following radiotherapy, and neuropathy 


during and following chemotherapy.  In addition some patients found that existing comorbidities such 


as arthritis and osteoporosis were exacerbated by their treatment.  Some survey respondents 


highlighted that during and/or following treatment a lack of energy affected their everyday life and 


some found they had cognitive problems and memory loss.  Both during treatment and after treatment 


some patients suffered from feelings of depression, loneliness and isolation.  A continuing fear of 
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recurrence was also an issue for some.  Other problems highlighted by the survey were social and 


financial issues for example relating to employment and obtaining insurance. 


 


The impact of breast cancer for the NHS is likely to increase across all facets of the breast cancer care 


pathway in the future.  This is because the population of England is both growing in size and ageing 


which will lead to increasing rates of breast cancer given that the strongest risk factor for breast 


cancer is age.   


1.2 Current service provision 


Surgery is usually the first treatment option for early breast cancer (DCIS and invasive breast cancer).  


Preoperative assessment of the breast and axilla determines the size of the primary tumour relevant to 


the volume of breast and this information is used to decide whether wide local excision of the tumour 


(‘WLE’ or ‘lumpectomy’) is possible, allowing breast conserving surgery (BCS) instead of 


mastectomy (removal of the breast).  Patients who have a mastectomy can have immediate breast 


reconstruction (carried out at the same time as the mastectomy) or delayed breast reconstruction. 


 


Preoperative assessment of the axilla includes ultrasound to determine whether morphologically 


abnormal lymph nodes are present.  If abnormal lymph nodes are identified, ultrasound-guided needle 


biopsy is offered to obtain a tissue sample for testing.  If there is no evidence of lymph node 


involvement on ultrasound, or the ultrasound-guided needle biopsy outcome is negative, lymph node 


clearance is not performed during BCS.  Instead the NICE guideline ‘Early and locally advanced 


breast cancer: diagnosis and treatment’
11


 recommends sentinel lymph node biopsy (SLNB) as the 


preferred technique (SLNB was undertaken for 84% of invasive breast cancers identified during 


breast cancer screening between April 2011 and March 2012
42


).  The tissue from SLNB has typically 


been analysed using postoperative histopathology with a five to 15 day wait for results.  If 


macrometastases (tumour deposits with at least one dimension over 2mm) are identified a second 


operation takes place to remove the remaining axillary lymph nodes (axillary lymph node 


dissection).
43


  In August 2013, NICE recommended whole lymph node analysis using the RD-100i 


OSNA system as an option for detecting sentinel lymph node metastases.  This analysis is carried out 


during breast surgery, takes approximately 30 to 45 minutes, and means that if the result is positive 


for metastases (cytokeratin-19 gene expression identified which is a marker associated with breast 


cancer) axillary lymph node dissection can be completed during the initial surgery removing the need 


for a second operation.
43


  The Advisory Group for this assessment indicated that there are 22 RD-100i 


OSNA system currently in use in the UK and use is increasing. 


 


After surgical removal of the primary tumour (and axillary lymph nodes if indicated), the information 


on prognostic and predictive factors obtained by histological examination, the outcome of tests for 
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estrogen receptor (ER) and human epidermal growth factor receptor 2 (HER2) status, and other 


patient and tumour characteristics are used by the breast cancer multidisciplinary team to consider 


options for adjuvant therapy for all patients with early breast cancer.  Decisions regarding adjuvant 


therapy are made following discussion with the patient.
44


  Adjuvant chemotherapy or radiotherapy 


should start as soon as clinically possibly and within 31 days of being ‘fit to treat’ after surgery.
45;46


 


 


Data from the NHS Breast Screening Programme Audit 2011-2012
42


 indicates that in practice some 


trusts are struggling to meet this 31 day standard for radiotherapy.  Overall, 57% of women received 


radiotherapy within 60 days and 92% within 90 days of their final surgery.
42


  Advice from the 


Advisory Group for this assessment suggested that the figures for symptomatic cancer (i.e. not screen 


detected) were likely to be similar and that meeting the 31 day goal for adjuvant chemotherapy may 


also be difficult. 


 


The range of recommended breast cancer treatment options described by the 2009 NICE guideline 


‘Early and locally advanced breast cancer: diagnosis and treatment’
11


 are summarised in Table 5.  


 


Table 5: Non-surgical treatment options for early breast cancer 


Adjuvant 


treatment 


Treatment options Comments 


Radiotherapy whole breast radiotherapy 


following breast conserving 


surgery 


 


post-mastectomy radiotherapy 


to chest wall 


e.g. if at high risk of local recurrence 


boost to tumour bed following 


breast conserving surgery 


e.g. if at high risk of local recurrence 


radiotherapy to nodal areas e.g. if four or more involved axillary lymph nodes 


Systemic 


therapy for 


metastatic 


disease 


endocrine therapy e.g. tamoxifen or aromatase inhibitor for ER 


positive tumours only 


chemotherapy e.g. anthracycline containing regimens, docetaxel 


biological therapy e.g. trastuzumab 


May need assessment and treatment for bone loss 


Primary systemic therapy 


chemotherapy Before surgery e.g. to shrink tumour before surgery, to observe response in the 


primary tumour before its surgical removal endocrine 


therapy 
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After breast conserving surgery whole breast external beam radiotherapy (EBRT) substantially 


reduces the risk of recurrence (15.7% absolute reduction in 10-year risk of any first recurrence) and 


moderately reduces the risk of breast cancer death (3.8% absolute reduction in 15-year risk of breast 


cancer death) for patients with early invasive breast cancer.
47


  Therefore post-operative whole breast 


EBRT is the standard of care for all patients with early invasive breast cancer after breast conserving 


therapy (as per the 2009 NICE guideline
11


).  EBRT works by directing a beam, or multiple beams, of 


radiation through the skin directly at the tumour and surrounding cancer cells to destroy them.  The 


radiation beam is generated by an instrument, known as a linear accelerator (linac), which is capable 


of producing high energy x-rays or electrons.  The most common types of external radiotherapy use 


photon beams (as x-rays).
48


  From the patient’s perspective, external radiotherapy is similar to having 


an x-ray, only the radiation is more intense.  In the UK a hypofractionated regimen is standard 


practice, with NICE guidelines recommending that patients with early invasive breast cancer who 


have undergone breast conserving surgery receive 40 Gray (Gy) in 15 fractions.
11


  The 15 fractions 


are typically delivered to patients by hospital radiotherapy departments at short (10-15 minute) 


treatment sessions each day, Monday to Friday, with a rest at the weekends.  The course is usually 


given for three weeks but may last longer.  This course of radiotherapy can be followed by a ‘boost’ 


dose (for example 12 Gy in four fractions, 10 Gy in five fractions, or 16 Gy in eight fractions) to the 


tumour bed over a further one to two weeks in patients considered to be at a higher risk of local 


recurrence (e.g. aged under 40 years, grade 3 disease and lymph node positive).
11


  In many other parts 


of the world standard practice for whole breast radiotherapy is 50 Gy in 25 fractions given daily 


(Monday to Friday) over five weeks.
49


  For patients with apparently localised DCIS treated with BCS 


there is a 25% risk of a local recurrence over 10 years if there is no further therapy and half of the 


recurrences will be of invasive cancer.
11


  Unfortunately there is no reliable way to identify the patients 


who will not be at risk of local recurrence.
50


  Therefore adjuvant radiotherapy should be offered to all 


patients with DCIS following BCS alongside a discussion of the potential benefits and risks.
11


 


 


The treatment schedule described above can be difficult for some women to undertake (e.g. if they 


live a long way from their nearest treatment centre, if they have caring responsibilities, if they are 


elderly and/or disabled).  Whole breast radiotherapy may also be associated with short term adverse 


effects (e.g. skin soreness/redness, tiredness, nausea) and long term adverse effects (e.g. changes to 


breast size and texture/feel, lung or heart problems), and can be impossible to deliver effectively in 


patients unable to lie flat, or in those unable to raise the shoulder on the side receiving treatment. 


 


When chemotherapy is indicated EBRT is nearly always given when chemotherapy has been 


completed and after a gap of 2-3 weeks that minimises overlapping and/or enhancing toxicities.  For 
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patients who require biological therapy or endocrine therapy this is typically received concurrently 


with EBRT. 


 


Radiotherapy is viewed as a cost-effective treatment.  The total spend on radiotherapy (not limited to 


breast cancer) has been estimated to comprise just 5% of the estimated total NHS spend on cancer 


care.
45


 


 


1.3 Description of technology under assessment 


The INTRABEAM Photon Radiotherapy System (Carl Zeiss UK) has a miniature, electronic, high 


dose rate, low energy X-Ray source (XRS) which is used to deposit high-dose radiation directly to a 


tumour or tumour bed.
51


  In the USA, INTRABEAM gained US Food and Drug Administration (FDA) 


approval in 1997, and in Europe was awarded CE certification in 1999.
52


  Because INTRABEAM 


uses a low energy XRS the system does not have to be contained within the kind of specially designed 


room that is required for high energy radiation sources (e.g. linear accelerators).
51


  This means that 


INTRABEAM can be used to deliver intraoperative radiation therapy (IORT) in an ordinary operating 


theatre at the time of surgery.  In addition, the system is mobile so it can be moved with care between 


different operating theatres.  


 


The XRS component of the device has a 10cm long probe
51


 and one of a variety of applicators of 


different shapes and sizes can be attached to this depending on the anatomical site being treated.  For 


breast cancer a set of eight reusable spherical applicators is available with diameters from 1.5 to 5.0 


cm.
52


 An applicator is chosen for irradiating the tumour bed after lumpectomy depending on the size 


of the resection cavity.  The INTRABEAM Technical Specifications state that the dose is usually 


entered by one person (usually a physicist) and must be checked by a doctor who verifies the dose 


planning and confirms it by entering a password.
52


  The tissue adjacent to the resection cavity is then 


irradiated by the INTRABEAM device for typically 20-30 minutes.
51


  A characteristic of the low-


energy X-rays produced by the INTRABEAM device is that the maximum dose of radiotherapy is 


delivered to the tissues at the surface of the cavity, but because the dose attenuates steeply as tissue 


depth increases, peripheral healthy tissue is spared.
53


  As a result, the surface of the tumour bed 


typically receives 20 Gy in this single fraction treatment.
53


  After this treatment the incision is closed.  


The design of the INTRABEAM equipment ensures that the tissue most at risk of developing a local 


recurrence, i.e. comprising the wall of the resection cavity adjacent to the resected tumour, receives 


the largest dose of irradiation. 


 


INTRABEAM has been used in patients with early breast cancer to deliver IORT to the cavity wall 


resulting from lumpectomy for treatment of the primary tumour.  Patients at low risk of recurrence do 
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not receive any further local treatment.  Patients with a higher risk of recurrence (e.g. histopathology 


showing invasive lobular carcinoma, extensive intraductal component, grade 3, node involvement, 


close margins) may go on to receive an additional course of external beam radiotherapy to the whole 


breast but without a tumour bed boost because the INTRABEAM device has already delivered 


therapy directly to the tumour bed.  Other adjuvant treatments e.g. endocrine therapy, chemotherapy, 


biological therapy, will also be given if indicated. 


 


Six centres in the UK (four in London, one in Winchester, one in Dundee) are known to have used the 


INTRABEAM device to treat breast cancer but it is not clear if all these centres are currently using 


the equipment.  In addition to these six centres information received from the Advisory Group for this 


assessment suggests that Liverpool and Harlow have purchased the equipment for neurosurgical and 


breast use respectively.  Ten other NHS Trusts have expressed an interest in purchasing the device 


and private providers may also have or be intending to purchase the INTRABEAM device.  


 


The device manufacturer has indicated that the cost of the INTRABEAM device in the UK is 


£435,000.  This cost includes a set of spherical applicators, each of which would need replacing at a 


cost of £3,170 per applicator after 100 treatments.  A fully inclusive service contract for maintenance 


of the device would cost £35,000 annually.  Additionally there are associated consumable costs, for 


example X-drapes radio-protection shields (pack of 10 costs £1,041, sufficient for five treatments), 


sterile plastic drapes (pack of five £95.00, sufficient for five treatments). 


  







26 


 


2 DEFINITION OF THE DECISION PROBLEM 


2.1 Decision problem 


In line with the scope
54


 of the NICE appraisal this assessment will consider the intraoperative use of 


the INTRABEAM Radiotherapy System as an alternative to post-operative EBRT to the whole breast, 


and as a boost during breast conserving surgery before EBRT is provided.  Its use for local recurrence 


will not be considered. 


 


The comparator for this review is EBRT delivered by linear accelerator.  


 


The population of patients included within this assessment is people with early operable breast cancer 


who are eligible for wide local excision of the tumour followed by whole breast radiotherapy.  If the 


cancer has spread to the regional lymph nodes the metastasis remains mobile (not fixed to other 


structures).  Although there is no single definition of early breast cancer a common definition is 


disease that is confined to the breast and draining nodes for which treatment could be curative.  The 


majority of people with early breast cancer are therefore likely to have tumours classified as TNM 


Stage I or Stage II (either IIa or IIb) but some with stage III tumours could also be considered to have 


early breast cancer using this definition.  People with a local recurrence are excluded from the 


assessment.  The NICE scope that underpins this assessment did not identify any relevant subgroups 


for consideration. 


 


As specified in the NICE scope,
54


 the following outcome measures are included in the decision 


problem: 


  - overall survival 


  - disease-free survival 


  - ipsilateral local recurrence 


  - adverse effects of treatment 


  - health-related quality of life (HRQoL) 


 


2.2 Overall aims and objectives of assessment 


The aim of this assessment is to assess the clinical and cost-effectiveness of the INTRABEAM Photon 


Radiotherapy System for the adjuvant treatment of early breast cancer during surgical removal of the 


tumour. 
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Other intra-operative techniques were not included as comparators in the NICE scope because they 


are not currently in use in clinical practice.  These techniques were also not included as interventions 


alongside INTRABEAM because their use was not considered sufficiently comparable. 
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3 METHODS 


The a priori methods for systematically reviewing the evidence of clinical effectiveness and cost-


effectiveness are described in the research protocol (Appendix 1), which was sent to our expert 


advisory group for comment.  None of the comments we received identified specific problems with 


the methods of the review which has been undertaken following the general principles outlined in 


‘Systematic Reviews: CRD’s guidance for undertaking reviews in health care’.
55


  The methods 


outlined in the protocol are briefly summarised below. 


3.1 Identification of studies 


The search strategies were developed and tested by an experienced information scientist. The 


strategies were designed to identify all relevant clinical effectiveness studies of the INTRABEAM 


Photon Radiotherapy System for people with early operable breast cancer.  Separate searches were 


conducted for the economic evaluation (Section 5) to identify studies of cost-effectiveness and 


HRQoL.  


 


The following databases were searched for published studies and ongoing research from inception to 


March 2014: The Cochrane Library including the Cochrane Database of Systematic Reviews (CDSR), 


the Cochrane Central Register of Controlled Trials, CRD (University of York) Database of Abstracts 


of Reviews of Effectiveness (DARE), the NHS Economic Evaluation Database (NHS EED) and the 


Health Technology Assessment (HTA) database; Medline (Ovid); Embase (Ovid); Medline In-


Process and Other Non-Indexed Citations (Ovid); Web of Science with Conference Proceedings: 


Science Citation Index Expanded (SCIE) and Conference Proceedings Citation Index - Science (CPCI) 


(ISI Web of Knowledge); Biosis Previews (ISI Web of Knowledge); Zetoc (Mimas); NIHR-Clinical 


Research Network Portfolio; Clinical Trials.gov, Current Controlled Trials and WHO ICTRP 


(international clinical trials research platform).  Searches were limited to randomised controlled trials 


(RCTs) and controlled clinical trials (CCTs) for the assessment of clinical effectiveness.  Although 


searches were not restricted by language, only full texts of English-language articles were retrieved 


during the study selection process. 


 


Bibliographies of included articles, systematic reviews and clinical guidelines were also searched. The 


manufacturers’ submission to NICE was searched for any additional studies that met the inclusion 


criteria. Members of our advisory group were asked to identify additional published and unpublished 


evidence.  Further details including search dates for each database and an example search strategy can 


be found in Appendix 2. 
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3.2 Inclusion and exclusion criteria 


The inclusion and exclusion criteria were derived from the final scope
54


 issued by NICE. 


 


Study design 


 For the systematic review of clinical effectiveness randomised controlled trials (RCTs) were 


eligible for inclusion.  If the data from available RCTs were incomplete (e.g. absence of data 


on outcomes of interest) evidence from good-quality controlled clinical trials was eligible for 


consideration. 


 For the systematic review of cost-effectiveness full economic evaluations (cost-effectiveness, 


cost utility or cost benefit analyses) reporting on both measures of costs and consequences 


were eligible for inclusion. 


 For the systematic review of HRQoL primary research studies based in the UK, Europe, 


Northern America and Australasia were eligible for inclusion. 


 Abstracts or conference presentations of studies were eligible for inclusion only if sufficient 


details were presented to allow an appraisal of the methodology and the assessment of results 


to be undertaken.  


 Case series, case studies, narrative reviews, editorials and opinions were excluded as were 


non-English language studies.  Systematic reviews and clinical guidelines were used only as a 


source of references. 


 


Intervention(s) 


 INTRABEAM Photon Radiotherapy System with or without post-operative EBRT 


 


Comparator(s) 


 EBRT delivered by linear accelerator 


 


Population 


 For the systematic review of clinical effectiveness people with early operable breast cancer 


(as defined by the trials) 


 For the systematic review of HRQoL people with breast cancer (not limited to early stage 


breast cancer) 


 People with a local recurrence were excluded. 
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Outcomes 


Studies were included if they reported on one or more of the following outcomes: 


 overall survival 


 disease-free survival 


 ipsilateral local recurrence 


 adverse effects of treatment 


 HRQoL 


 cost-effectiveness (expressed in natural units such as life-years gained (cost-effectiveness 


analysis), quality-adjusted life years (cost-utility analysis), or in monetary units (cost-benefit 


analysis) 


 


3.3 Inclusion screening process 


Studies were selected for inclusion through a two-stage process.  Literature search results (titles and, 


if present, abstracts) identified by the search strategy were screened independently by two reviewers 


to identify all citations that potentially met the inclusion/exclusion criteria detailed above.  Full 


manuscripts of selected citations which appeared potentially relevant were obtained.  These were 


assessed by one reviewer against the inclusion/exclusion criteria using a flow chart and checked 


independently by a second reviewer before a final decision regarding inclusion was agreed.  At each 


stage any disagreements were resolved by discussion, with the involvement of a third reviewer when 


necessary. 


 


3.4 Data extraction process 


Data were extracted by one reviewer using a standardised data extraction form and each data 


extraction was checked for accuracy by a second reviewer. Discrepancies in the extracted data were 


resolved by discussion, with involvement of a third reviewer when necessary. 


 


3.5 Critical appraisal strategy 


The risk of bias of the included clinical effectiveness studies was assessed using criteria devised by 


the Cochrane Collaboration.
56


  Criteria were applied by one reviewer and checked by a second 


reviewer with any disagreements resolved by consensus and involvement of a third reviewer where 


necessary.  The methodological quality of included cost-effectiveness studies was assessed using 


criteria adapted by the review authors from checklists for appraising economic evaluations by 


Drummond and colleagues.
57


  The economic evaluation included in the manufacturer’s submission to 


NICE was assessed using criteria adapted by the review authors from checklists for appraising 
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economic evaluations by Drummond and colleagues
57


 supplemented with additional criteria for 


critical appraisal of model-based evaluations by Philips and colleagues.
58


  For the systematic review 


of HRQoL the included studies were assessed against a critical appraisal checklist adapted by the 


review authors from common themes found in other published assessment forms for HRQoL 


studies.
59-62


 


3.6 Method of data synthesis 


Clinical effectiveness, cost-effectiveness and HRQoL data were synthesised through narrative reviews 


that included critical appraisal of study methods, critical assessment of data used in any economic 


models and tabulation of the results of included studies. 
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4 CLINICAL EFFECTIVENESS 


4.1 Results 


4.1.1 Quantity and quality of research available 


Titles and, where available, abstracts of a total of 655 citations were screened and full copies of 44 


references were obtained.  Of these 38 were excluded after inspection of the full article (see Appendix 


3). The most common primary reason for exclusion was that the reference was an abstract containing 


insufficient details to allow appraisal of methodology and/or results (n=25), eight records were 


excluded chiefly because the outcome was not relevant to the review, an incorrect intervention was 


the key reason for excluding three records, one record was excluded on the basis of study design and 


one record was for an ongoing study (see section 4.3 for ongoing studies).  One RCT, the TARGIT-A 


trial, met the inclusion criteria for the review (Figure 1).  The primary and secondary outcomes for the 


whole trial population were described by two full papers and three linked abstracts.  Five sub-studies 


of the TARGIT-A trial were identified which report outcome data from participants at just one or two 


centres.  Four of these sub-studies were excluded from this systematic review on the grounds of 


outcome (see Appendix 3).  One sub-study has been included which reports data on HRQoL from 


patients at one TARGIT-A trial centre.
63


  Table 6 provides a summary description of the TARGIT-A 


study publications included in the clinical effectiveness systematic review. 


 


 


Figure 1: Flow chart for the identification of studies 


 


References for retrieval and screening n = 44 


Titles and abstracts inspected n = 655 


Total identified from searching 


(after de-duplication) 


n = 655 


Excluded n = 611 


Full papers excluded n= 38 


 


Reasons for exclusion 


Abstract n=25 


Outcomes n = 8 


Intervention n = 3 


Design n= 1 


Ongoing study n=1
a
 


 


(nb: only the primary reason for 


exclusion is listed) 


Studies included in our review 


n = 1 


(6 records: whole trial described by 2 full 


papers & 3 included linked abstracts; 1 sub-


study described by 1 full paper) 


a 
Ongoing studies are summarised in Section 4.3 
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Table 6: Publications included in the clinical effectiveness review 


Author Study  Details 


Vaidya et al., 


2010
64


 


TARGIT-A trial Initial results of local recurrence and complications, 


n=2232 


Vaidya et al., 


2014
65


 


TARGIT-A trial Updated longer-term results of local recurrence, 


complications and survival, n=3451 


   


Welzel et al., 


2013
63


 


TARGIT-A trial 


sub-study 


One centre 


(Germany) 


Quality of life outcome  


n=88 


 
Overview of the TARGIT-A trial  


The key characteristics of the TARGIT-A trial
64;65


 are shown in Table 8Table 7 with further details in 


the data extraction form (Appendix 4Appendix 4).  The TARGIT-A trial is the pivotal trial evaluating 


the concept of delivering a single dose of targeted IORT at the time of surgery using the mobile 


INTRABEAM Photon Radiotherapy System (Carl Zeiss UK).  


 


Design 


The TARGIT-A trial is an international, multicentre, non-inferiority RCT that recruited participants in 


33 centres in 11 countries including the UK (6 centres), Europe (17 centres in six countries), the USA 


(7 centres), Canada (1 centre) and Australia (2 centres).  The trial evaluated IORT using the 


INTRABEAM device compared to conventional whole breast EBRT.  The planned follow up for trial 


participants is at least 10 years.
66


  Median follow-up achieved for the most recent 2014 publication
65


is 


2 years 5 months. 


 


As a non-inferiority trial the RCT sought to determine whether INTRABEAM treatment was no 


worse than EBRT.  The pre-stated non-inferiority margin was an absolute difference of 2.5% in the 


primary end point (local recurrence) between groups.  The 2.5% non-inferiority margin was chosen at 


the trial outset because it seemed clinically acceptable to both clinicians and patients.
64


  However, it 


should be noted that when the non-inferiority margin was chosen the estimated local recurrence rate 


(based on the literature available in 1999) was 6% and since then recurrence rates have reduced.  Two 


patient preference studies
67;68


 suggest that patients would be willing to accept an increase in the risk of 


local recurrence for the convenience of INTRABEAM treatment but it should be noted that these 


studies were conducted in countries where EBRT is typically delivered over 5-6 weeks and it is not 


known whether patient preference would be similar in England where EBRT is typically delivered 


over 3 weeks.   
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The trial randomised participants in three strata: pre-pathology, post-pathology and contralateral 


breast cancer.  In the initial 2010 publication,
64


 pre-pathology entry accounted for two thirds of 


patients, post-pathology approximately 30% and contralateral breast cancer patients less than 4%. It is 


not clear whether these proportions were maintained in the additional patient numbers reported in the 


updated 2014 publication.
65


  The baseline stratification data show differences between centres in the 


number of patients entering the trial according to the three timings of delivery strata, particularly pre-


pathology and post-pathology (see Appendix 4 for further details).  Patients who entered the trial in 


the pre-pathology stratum were randomised to either INTRABEAM or EBRT prior to wide local 


excision of the primary tumour (Figure 2, upper panel).  The trial was pragmatic in that if participants 


randomised to INTRABEAM were subsequently found to have unfavourable pathological features 


(unexpected lobular carcinoma, extensive intraductal component, positive margins at first excision), 


and hence were at high risk of recurrence elsewhere in the breast, they received EBRT in addition (i.e. 


INTRABEAM + EBRT, approximately 15% of INTRABEAM patients).  The protocol also allowed 


for post-pathology entry of patients whereby patients underwent initial surgery and then, providing no 


unfavourable pathological features were identified, were randomised in a second stratum to receive 


INTRABEAM delivered as a second procedure or EBRT (Figure 2, lower panel).  Post-pathology 


entrants to the trial were randomised within 30 days after lumpectomy and the median time between 


initial lumpectomy and post-pathology INTRABEAM treatment was 37 days.  The timing of 


INTRABEAM delivery was not specified in the intervention description within the NICE scope and 


therefore the post-pathology participants are included in this systematic review.  Additionally, patients 


with a history of previous contralateral breast cancer were also included and randomised in a third 


stratum.  Treatment for breast cancer in the contralateral breast is not an exclusion criterion for this 


review and therefore these participants are also judged to meet the criteria for inclusion.  


 


Participants 


The TARGIT-A trial was a moderately large trial, recruiting 3,451 women with early breast cancer 


eligible for breast conserving surgery (2298 to the pre-pathology stratum, 1153 to the post-pathology 


stratum, as noted above final proportion of contralateral breast cancer patients not reported).
65


 


Participants had to be 45 years or older and have invasive ductal carcinoma that was unifocal on 


conventional examination and imaging. The trial protocol specifically defined early invasive breast 


cancer as T1 and small T2, N0-1, M0.
66


 The initial trial publication
64


 stipulated the pre-operative 


diagnosis of lobular carcinoma as a single exclusion criterion, although the trial protocol specified 


additional exclusion criteria.
66


 Furthermore, because the trial was pragmatic, each participating centre 


had the option to pre-define more restrictive entry criteria than in the core protocol (e.g. age, tumour 


size, grade, node) and to stipulate local policy for the delivery of EBRT.   
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Figure 2: Flow diagram for the two main trial strata: pre-pathology and post-pathology. 


 


The majority of women (77%) were aged between 51 and 70 years.  Approximately one third of 


participants had a grade 1 tumour and around half had grade 2, whilst only 15% had a grade 3 tumour. 


The publications
64;65


 did not specify the grading system used but it is likely to have been the standard 


Bloom-Richardson system
69


 or the Nottingham system
70


 which is modification of the Bloom-


Richardson system.  In the majority of women, cancer tumour sizes were small (87% <2cm) and with 


WLE plus INTRABEAM 


Randomisation 


Breast cancer patient meets trial eligibility criteria 


WLE 


Histopathology 


No adverse criteria 


Histopathology 


high risk of recurrence 


EBRT 


Breast cancer patient received WLE, initial tumour pathology 


shows no unfavourable features, meets trial eligibility criteria 


EBRT 


Randomisation 


2
nd


 procedure INTRABEAM EBRT 


Final histopathology 
high risk of recurrence 


Final histopathology 
No adverse criteria 


EBRT 


PRE-PATHOLOGY STRATUM 


POST-PATHOLOGY STRATUM 
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good prognosis - nodes were uninvolved (84%), oestrogen-receptor status and progesterone-receptor 


status were positive (93% and 82% respectively).
65


 Two thirds of women were receiving hormone 


therapy as adjuvant systemic treatment whilst around 12% were receiving chemotherapy.
64


 


 


Intervention 


INTRABEAM patients received a typical dose of 20 Gy to the surface of the tumour bed (attenuating 


to 5-7 Gy at 1cm depth). 


 


Comparator 


EBRT patients received a typical dose of 40-56 Gy with/without an additional boost to the tumour bed 


of 10-16 Gy.  Trial centres were allowed to stipulate local policy for the delivery of EBRT and 


therefore there would have been some differences between EBRT delivered at different centres.  It is 


presumed that in UK centres 40 Gy in 15 fractions would have been the likely treatment schedule 


whereas in some other centres local policy was an alternative schedule, for example 56 Gy in 28 


fractions.
63


  


 


Outcomes 


The primary outcome of the trial was pathologically confirmed local recurrence in the conserved 


breast.  In the initial 2010 paper
64


 survival free of recurrence (disease-free survival) was reported but 


in the 2014
65


 paper the data on recurrence are not presented in that format.  Secondary outcomes were 


rates of local toxicity or morbidity which were assessed using a complications form that contained a 


pre-specified checklist.  The timing of the data collection for complications was unclear in the trial 


publications being described as ‘early’ in the 2010 paper
64


 and ‘arising 6 months after randomisation’ 


in the 2014 paper.
65


  Complications recorded on the pre-specified checklist were haematoma, seroma, 


wound infection, skin breakdown, delayed wound healing and Radiation Therapy Oncology Group 


(RTOG) toxicity grade 3 or 4 (for dermatitis, telangiectasia, pain in irradiated field, or other). Overall 


survival was reported as a secondary outcome measure in the 2014 updated publication.
65


  No data on 


HRQoL have been published for the whole trial population however one small sub-study
63


 is included 


in this systematic review which reports on HRQoL for 88 participants enrolled at one centre in 


Mannheim, Germany.  HRQoL was assessed by two validated questionnaires of the European 


Organisation for Research and Treatment of Cancer (EORTC), the QoL questionnaire C30 (QLQ-C30, 


version 3) and the Breast Cancer Module (QLQ-BR23).   Data presented in the initial TARGIT-A trial 


publication
64


 suggest that all the participants enrolled at this centre were randomised to the pre-


pathology stratum.   


 


For most outcomes analyses were by ITT, one exception being local recurrence in the conserved 


breast which, because of the nature of the outcome, could not include women who had undergone a 
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mastectomy (approximately 2%).  For a superiority trial the CONSORT statement
71


 states that 


analysis should be by ITT.  The TARGIT-A trial however is a non-inferiority trial.  An extension to 


the consort statement
72


 for non-inferiority trials indicates that non-ITT analyses might be desirable 


and that there would be greater confidence in the results if these were consistent between ITT and 


non-ITT analyses.  Therefore an analysis by treatment received in addition to the ITT analyses 


presented for the TARGIT-A trial would have been welcome.  Outcomes of local recurrence and 


overall survival were reported for the whole trial population and separately for the pre-pathology and 


post-pathology strata.  Data from participants who received INTRABEAM only and from those who 


received INTRABEAM with EBRT in addition were analysed together for most outcomes.  Median 


length of follow-up for participants in the initial 2010 publication was not reported although it was 


stated that maximum follow-up was 10 years.
64


  The more recent 2014 publication reported an overall 


median follow-up of 2 years 5 months, with 2020 (59%) participants reaching a median 4 years and 


1222 (35%) reaching a median 5 years. 


 


Funding 


The trial was funded primarily by the NIHR Health Technology Assessment (HTA) Programme in 


addition to funding from a number of academic centres and government bodies. 
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Table 7: Key characteristics of the TARGIT-A trial
64;65


  


Study Methods Key inclusion/exclusion 


criteria 


Key participant characteristics
a
 Outcomes 


Vaidya et al., 


2010
64


 and 


2014
65


 


 


TARGIT-A 


trial 


(TARGeted 


Intraoperative 


radioTherapy) 


 


N
o
 centres: 33 


(6 in UK) 


 


Countries: 11 


(Europe, USA, 


Canada, 


Australia) 


 


Sponsor: 


Academic and 


government 


bodies 


Design: International, 


multicentre, non-inferiority 


RCT 


  


Intervention: Targeted 


intraoperative radiotherapy – 


Targit (INTRABEAM 


device)  


 


Dose: typically 20 Gy to 


surface of tumour bed 


attenuating to 5-7 Gy at 1cm 


depth. 


 


Comparator: Whole breast 


external beam radiotherapy – 


EBRT 


 


Dose: typically 40-56 Gy +/- 


boost of 10-16 Gy. 


 


Other interventions used: 


Adjuvant systemic treatment 


as appropriate. Participants in 


the INTRABEAM group 


with unfavourable 


pathological features found 


subsequently (e.g. lobular 


carcinoma) received EBRT in 


addition after INTRABEAM. 


 


Inclusion criteria: 


 Women with early 


breast cancer 


 Aged ≥ 45 years 


 Suitable for wide 


local excision for 


invasive ductal 


carcinoma that was 


unifocal on 


conventional 


examination and 


imaging 


 


Exclusion criterion: 


 Pre-operative 


diagnosis of lobular 


carcinoma 


Reported in updated 2014 paper (n=3451):
65


 


 Age (years):  


≤50: INTRABEAM 9%, EBRT 7% 


51-60: INTRABEAM 31%, EBRT 32% 


61-70: INTRABEAM 45%, EBRT 47% 


>70: INTRABEAM 15%, EBRT 15% 


 


 Tumour grade  


1: INTRABEAM 35%, EBRT 37% 


2: INTRABEAM 50%, EBRT 48% 


3: INTRABEAM 15%, EBRT 15% 


Unknown: INTRABEAM 11%, EBRT 13% 


 


 Tumour size (cm)  


≤1: INTRABEAM 39%, EBRT 39% 


1.1-2: INTRABEAM 48%, EBRT 48% 


>2: INTRABEAM 12%, EBRT 14% 


Unknown: INTRABEAM 10%, EBRT 12% 


 


 Nodes involved  


0: INTRABEAM 83%, EBRT 85% 


1-3: INTRABEAM 14%, EBRT 14% 


>3: INTRABEAM 3%, EBRT 2% 


Unknown: INTRABEAM 9%, EBRT 11% 


 


 Lymphovascular invasion 


Absent: INTRABEAM 87%, EBRT 88% 


Present: INTRABEAM 13%, EBRT 12% 


Unknown: INTRABEAM 10%, EBRT 12% 


 


Primary outcome:  


Local recurrence
64;65


 


 


Secondary outcomes:  


 Local toxicity or 


morbidity 


(complications);
64;65


 


 Overall survival (breast 


cancer and non-breast 


cancer deaths)
65


 


 


Reported in sub-studies: 


 Persistent pain
73


 


 Toxicity
74


 


 Quality of life
63


 


 Cosmetic outcomes
75
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N
o
 participants: n = 3451


65
 


INTRABEAM, n= 1721 


EBRT, n= 1730 


 


Received allocated 


treatment: INTRABEAM, n= 


1571
b
/1721 


EBRT, n= 1590/1730 


 


Follow-up: Median 2 years & 


5 months (IRQ 12-52 


months) 


 


 ER status: 


ER +ve: INTRABEAM 92%, EBRT 94% 


ER –ve: INTRABEAM 8%, EBRT 7% 


Unknown: INTRABEAM 9%, EBRT 12% 


 


 PgR status: 


PgR +ve: INTRABEAM 81%, EBRT 82% 


PgR –ve: INTRABEAM 19%, EBRT 18% 


Unknown: INTRABEAM 12%, EBRT 14% 


 


Additional characteristics reported only in 2010 


paper (n=2232):
64


 


 Tumour type 
c
 


Invasive ductal carcinoma: INTRABEAM 


95%, EBRT 94% 


Invasive lobular carcinoma: INTRABEAM 


4%, EBRT 4% 


Mixed: INTRABEAM 3%, EBRT 3% 


Unknown: INTRABEAM 4%, EBRT 4% 


 


 Ductal carcinoma in situ 


Absent: INTRABEAM 50%, EBRT 49% 


Present: INTRABEAM 50%, EBRT 49% 


Unknown: INTRABEAM 4%, EBRT 4% 


 


 Adjuvant therapy  


Hormone: INTRABEAM 65%, EBRT 67% 


Chemotherapy: INTRABEAM 10%, EBRT 


13% 


Other: INTRABEAM 4%, EBRT 4% 


Unknown: INTRABEAM 9%, EBRT 8% 
EBRT, external beam radiotherapy; ER, oestrogen-receptor; IQR, interquartile range; PgR, progesterone-receptor. 


a
The denominator for each category is the number of 


known cases; the denominator for ‘unknown’ percentages is the number of randomised patients; additionally, percentages are rounded so may not add up to 100%. 
b
Of the 


1571 who received INTRABEAM, 1332 (85%) received INTRABEAM only and 239 (15%) received INTRABEAM + EBRT. 
c 
Numbers reported in the paper do not 


sum to the given denominator and consequently the reported percentages sum to more than 100%.  
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Quality assessment of TARGIT-A trial  


Overall, the methodological quality of the TARGIT-A trial was judged to be good with a low risk of bias. 


Table 8 shows the judgements of risk of bias in the various domains. For the HRQoL sub-study the 


assessment of selection bias and reporting bias for the main trial was judged to apply.  For the remaining 


criteria it was judged that the HRQoL sub-study could potentially differ from the main trial and therefore 


separate assessments were conducted (Table 8).  Overall the sub-study was judged to be at a high risk of 


bias due to the lack of blinding and it is not clear how representative the results are for the total trial 


population because the sub-study represents only about 2.5% of the overall trial population.  Therefore 


the sub-study results should be interpreted with caution. 


 


Randomisation schedules which were generated by computer and held securely in two centres, with 


requests for randomisation made by phone or fax, meant that the risk of selection bias was low.  


 


Due to the nature of the interventions, it was not feasible to blind the patients or investigators in the trial 


which could potentially introduce performance bias. However, given that the main trial outcomes 


(recurrence and survival) were objective measures, it was deemed unlikely that patients or investigators 


were influenced by the lack of blinding and thus performance bias was judged to be low.  Similarly, for 


the main trial although not all outcome assessors were blinded, the risk of detection bias was judged to be 


low because the main trial outcomes (recurrence and survival) were objective measures.  For the sub-


study
63


 the lack of patient and investigator blinding led to a judgement of a high risk of performance bias 


and detection bias was judged as unclear due to a lack of information. 


 


The risk of attrition bias (differences between groups in withdrawals from the study) was deemed to be 


low in the TARGIT-A trial. There was a low proportion of withdrawals and this appeared similar between 


treatment groups (0.5% INTRABEAM, 1.6% EBRT).
65


 Similar numbers of patients in the two treatment 


groups received their allocated treatment (91% INTRABEAM, 92% EBRT)
65


 and all randomised patients 


were included in an intention-to-treat (ITT) analysis for most outcomes.  However as noted above 


(Overview of Targit-A trial, Outcomes) an additional analysis by treatment received would have been 


desirable.  The sub-study
63


 was deemed to be at low risk of attrition bias because only one patient was 


reported as lost to follow-up. 


 


The risk of bias due to selective reporting was deemed low as all outcomes specified in the trial protocol
66


 


were reported in either the original or updated publication.
64;65


 No other sources of bias in the total trial 
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population were identified.  The sub-study
63


 used a retrospective questionnaire without reporting baseline 


measurements and was therefore deemed to be at unclear risk of other sources of bias. 


 


Table 8: Assessment of risk of bias 


Cochrane criteria 


for assessment of 


risk of bias in 


RCTs
56


 


Judgement
a
 Support for Judgement 


Selection bias 


Random sequence 


generation 


Low risk Computer-generated randomisation schedules 


Allocation 


concealment 


Low risk Central allocation 


Performance bias 


Blinding of 


participants and 


personnel in the 


TARGIT-A trial 


Low risk Neither patients nor investigators were blinded. However, outcomes 


of mortality and recurrence were unlikely to be influenced by lack 


of blinding. 


Blinding of 


participants and 


personnel in the 


HRQoL substudy 


High Risk As part of the TARGIT-A trial neither patients nor investigators 


were blinded and the outcome could potentially be influenced by 


the lack of blinding. 


Detection bias 


Blinding of 


outcome assessment 


in the TARGIT-A 


trial 


Low risk Some investigators and teams were not blinded and it is not clear 


whether all the analyses were performed unblinded. However, 


outcomes of mortality and recurrence are objective measures and 


hence unlikely to be influenced by lack of blinding. 


Blinding of 


outcome assessment 


in the HRQoL 


substudy 


Unclear risk No information reported for this sub-study 


Attrition bias 


Incomplete outcome Low risk Low proportion of withdrawals and participants not receiving 
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data addressed in 


the TARGIT-A trial 


allocated treatment (reasons similar between groups).  Analyses by 


ITT. 


HRQoL sub-study Low risk Reason for loss of one participant given. 


Reporting bias 


Selective reporting Low risk The protocol is available online
66


 


http://www.nets.nihr.ac.uk/__data/assets/pdf_file/0007/51892/PRO-


07-60-49.pdf and specifies all outcomes including relapse-free 


survival and overall survival (as secondary outcomes). 


Other bias 


Other sources of 


bias in the 


TARGIT-A trial 


Low risk None evident. 


Other sources of 


bias in the HRQoL 


substudy 


Unclear risk Retrospective questionnaire with no baseline QoL measurement. 


a
‘Low risk’, ‘high risk’ or ‘unclear risk’ of bias 


 


4.1.2 Assessment of effectiveness 


The majority of the results presented in the following section are the most recent data for the TARGIT-A 


trial reported in the updated publication by Vaidya and colleagues 2014.
65


  Results are presented for 


ipsilateral local recurrence (Section 4.1.2.1), overall survival (Section 4.1.2.2), and morbidity and toxicity 


(Section 4.1.2.3).  The main trial outcome data are supplemented with some morbidity data from the 


initial trial publication (Vaidya and colleagues 2010
64


).  The TARGIT-A trial presented outcomes of 


recurrence and survival for the whole trial population, and separately for the pre-pathology and post-


pathology strata.  The separate analysis of these two strata was prespecified.  No data were presented 


from the third stratum (participants with a history of previous contralateral breast cancer) and no data on 


HRQoL have been published for the whole trial population.  However limited data on the secondary 


outcome of quality of life (section 4.1.2.4) are provided by a sub-study at one trial centre.
63


 


 


4.1.2.1 Ipsilateral local recurrence 


Local recurrence in the conserved breast was the primary outcome in the TARGIT-A trial. Recurrence 


was defined as a recurrent tumour in the ipsilateral breast and was confirmed pathologically by clinical 


examination and cytology or biopsy.
66


  The most recent data from the 2014
65


 publication are shown, 



http://www.nets.nihr.ac.uk/__data/assets/pdf_file/0007/51892/PRO-07-60-49.pdf

http://www.nets.nihr.ac.uk/__data/assets/pdf_file/0007/51892/PRO-07-60-49.pdf
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which were not expressed in terms of disease-free survival.  Results are presented in Table 9 and Table 10 


and show data for the whole cohort and for the two pre-specified randomisation strata (pre-pathology and 


post-pathology) representing the different timings in delivery of INTRABEAM therapy. The trial authors 


also report results separately for the mature cohort (participants previously reported in the initial 


publication in 2010
64


) and the earliest cohort (which excludes participants enrolled in the last four years 


of the study) in order to ‘assess stability over time’
65


 (Table 10).  However there has been criticism of this 


approach
76


 because all patients included in the earliest cohort are also included in and account for just 


over half of the mature cohort and are included again in the whole cohort representing approximately a 


third of this.  The assessment team and the advisory group for this assessment also have concerns about 


the approach taken.  For the INTRABEAM arm, data from participants who received INTRABEAM only 


and from those who received INTRABEAM and EBRT were analysed together. 


  


By nature of the outcome, the recurrence data do not include women who underwent mastectomy (n=76). 


Statistical significance levels were set at p<0.01 for recurrence.  The rationale for setting p<0.01 for 


recurrence but p<0.05 for survival (Section 4.1.2.2) is not provided. 


 


As can be seen in Table 9, the 5-year risk for local recurrence in the conserved breast in the whole cohort 


of patients was higher in patients receiving INTRABEAM compared to EBRT but the absolute difference 


did not exceed the pre-stated non-inferiority margin of 2.5% (3.3% vs 1.3% respectively, absolute 


difference 2.0%, p=0.042).  With the statistical significance level set at p<0.01 for recurrence the 


difference between groups was not statistically significant. Similarly, in the pre-pathology stratum 


(INTRABEAM delivered at the time of BCS), the absolute difference in recurrence did not exceed the 2.5% 


non-inferiority margin (2.1% INTRABEAM vs 1.1% EBRT, absolute difference 1.0%, p=0.31) and the 


difference between groups was not statistically significant. However, in the post-pathology stratum 


(INTRABEAM delivered after BCS as a secondary procedure), although the difference between groups 


was not statistically significant (and the analysis may not have been powered to detect a difference) the 5-


year local recurrence was higher in INTRABEAM patients with the difference being larger than the pre-


defined non-inferiority margin of 2.5% (5.4% INTRABEAM vs 1.7% EBRT, absolute difference 3.7%, 


p=0.069).  Therefore INTRABEAM has been shown to be non-inferior to EBRT for the whole group and 


for the pre-pathology stratum but not for participants in the post-pathology stratum (based on a non-


inferiority margin of 2.5%). 
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Table 9: Ipsilateral local recurrence at five years 


Local recurrence 


Events/N; 


5-year cumulative risk % 


(95% CI)
65


 


INTRABEAM EBRT Absolute difference in 


Kaplan-Meier estimate 


at 5-years; p-value 


Whole group (n=3375)
a
 23/1679 


3.3% (2.1-5.1) 


11/1696 


1.3% (0.7-2.5) 


12 (2.0%); p=0.042 


Pre-pathology stratum 


(n=2234)
a
 


10/1107 


2.1% (1.1 to 4.2) 


6/1127 


1·1% (0.5 to 2.5) 


4 (1.0%); p=0.31 


Post-pathology stratum 


(n=1141)
a
 


13/572 


5.4% (3.0 to 9.7) 


5/569 


1.7% (0.6 to 4.9)  


8 (3.7%), p=0.069 


a
  Patients who had undergone a mastectomy were not included in the analysis of local recurrence (n= 76 


mastectomies in the whole group, n=64 in the pre-pathology stratum, n=12 in the post-pathology stratum). 


 


The data on recurrence were used to generate a non-inferiority statistic (pnon-inferiority) for the absolute 


difference in the binomial proportions of ipsilateral local recurrence (Table 10).  INTRABEAM was 


shown to be non-inferior to EBRT for the whole cohort (absolute difference in binomial proportions 


0.72%, (90% CI 0.2 to 1.3), pnon-inferiority <0.0001) and for all pre-pathology patients (absolute difference in 


binomial proportions 0.37%, (90% CI -0.2 to 1.0), pnon-inferiority <0.0001). However, non-inferiority was not 


established for the post-pathology patients (absolute difference in binomial proportions 1.39%, (90% CI 0 


to 2.8), pnon-inferiority = 0.0664).  


 


The non-inferiority statistic was also reported separately for two cohorts of participants within the trial 


which had longer follow-up.  As already noted the stated aim of these analyses was to ‘assess stability 


over time’
65


 but participants in the earliest cohort are also included in the mature cohort and whole trial 


population and there are concerns about this approach.  Therefore the results should be interpreted 


cautiously.  For the mature cohort which comprised participants previously reported on in 2010,
64


 the 


results reflect those of the ‘All patients’ analyses. For the earliest cohort which had a median follow-up of 


five years, non-inferiority results for the pre-pathology and post-pathology strata reflect those of the ‘All 


patients’ analyses but non-inferiority is not established for the whole trial earliest cohort (absolute 


difference in binomial proportions 1.14% (90% CI -0.1 to 2.4), pnon-inferiority = 0.0400) because the 


significance level is set at p<0.01 for local recurrence.  It is worth noting that the number of local 


recurrence events in the earliest cohort (median follow-up five years) was 23 events for the whole trial, 


just nine of which occurred in pre-pathology participants. 
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Table 10: Pnon-inferiority for ipsilateral local recurrence 


Local 


recurrence
65


 


Median 


follow-up 


Events, 


n 


Absolute difference (90% CI) in the 


binomial proportions
a
 of ipsilateral local 


recurrence (INTRABEAM minus EBRT) 


Z 


score 


pnon-


inferiority 


Whole trial: 


All patients 


2 years 5 


months 


 


34 


 


0.72% (0.2 to 1.3) 


 


-5.168 


 


<0.0001 


Mature 


cohort 
b
 


3 years 7 


months 


32 1.13% (0.3 to 2.0) -2.652 0.0040 


Earliest 


cohort 
c
 


5 years 23 1.14% (-0.1 to 2.4) -1.750 0.0400 


Pre-


pathology: 


All patients 


2 years 4 


months 


 


16 


 


0.37% (-0.2 to 1.0) 


 


-5.954 


 


<0.0001 


Mature 


cohort 
b
 


3 years 8 


months 


14 0.6% (-0.3 to 1.5) -3.552 0.0002 


Earliest 


cohort 
c
 


5 years 9 0.76% (-0.4 to 2.0) -2.360 0.0091 


Post-


pathology: 


All patients  


2 years 4 


months 


 


18 


 


1.39% (0.2 to 2.6) 


 


-1.503 


 


0.0664 


Mature 


cohort 
b
 


3 years 7 


months 


18 2.04% (0.3 to 3.8) -0.429 0.3339 


Earliest 


cohort 
c
 


5 years 14 1.8% (-1.2 to 4.8) -0.382 0.3511 


The prespecified non-inferiority margin was 2.5% and the significance level was set at p<0.01.  


a
 Binomial proportion = number of recurrences/number of patients; 


b
 Mature cohort = 2232 participants previously 


reported on in 2010
64


 (pre-pathology n=1450, post-pathology n=782).  Numbers of participants in the mature cohort 


who received mastectomy and who are therefore excluded from the analysis of local recurrence were not reported; 
c
 


Earliest cohort n=1222 excludes participants enrolled in the last four years of the study (pre-pathology n=817, post-


pathology n=405).  Numbers of participants in the earliest cohort who received mastectomy and who are therefore 


excluded from the analysis of local recurrence were not reported.  
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The absolute differences in the 5-year Kaplan-Meier estimates of percentage with local recurrence in the 


conserved breast were calculated and presented as a figure in the trial publication
65


 for the pre-pathology 


stratum only.  Data were estimated from the figure using Engauge digitizing software (Appendix 4).  The 


Kaplan-Meier estimates were consistent across the three cohorts with increasing median follow-up, with 


absolute differences in percentage with local recurrence in the conserved breast of 1.1 (whole cohort), 1.1 


(mature cohort) and 1.0 (earliest cohort). 


 


4.1.2.2 Overall survival 


Overall survival was a secondary outcome in the TARGIT-A trial and was reported in the more recent 


2014 publication.
65


  Overall survival was defined as the time interval between randomisation and death
66


 


and included breast cancer deaths and non-breast cancer deaths. Statistical significance levels were set at 


p<0.05 for survival.  As already noted the rationale for setting p<0.05 for survival but p<0.01 for 


recurrence is not provided. 


 


There were no statistically significant differences in overall mortality between women who received 


INTRABEAM compared to those who received EBRT (3.9% vs 5.3% respectively, difference -1.4%, 


p=0.099) (Table 11). When mortality was split into breast cancer and non-breast cancer deaths, rates of 


breast cancer death were similar between the two treatments (2.6% vs 1.9%, p=0.56), but there were 


significantly fewer non-breast cancer deaths in the INTRABEAM group compared to the EBRT group 


(1.4% vs 3.5% respectively, p=0.0086).  


 


In the pre-pathology stratum (INTRABEAM delivered at the time of BCS), overall mortality was slightly 


lower in the INTRABEAM group (4.6% vs 6.9% for INTRABEAM and EBRT respectively, difference -


2.3%, no p-value was reported). When split into causes of death, the same pattern was observed as for the 


whole cohort where deaths attributable to breast cancer were similar between the two treatments (3.3% vs 


2.7% for INTRABEAM and EBRT respectively, p=0.72), but there were significantly fewer non-breast 


cancer deaths in the INTRABEAM group (1.3%) compared to the EBRT group (4.4%, p=0.016). When 


INTRABEAM was delivered after BCS as a delayed procedure (post-pathology stratum), rates of overall 


mortality, breast cancer and non-breast cancer mortality were similar between treatment groups (see Table 


11).   
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Table 11: Breast cancer and non-breast cancer deaths at five years 


Mortality
65


 


Events/N; 


5-year cumulative risk % 


(95% CI)
65


 


INTRABEAM EBRT Absolute difference; 


p-value 


Overall mortality: 


All patients (n=3451) 


 


37/1721 


3.9% (2.7 to 5.8) 


 


51/1730 


5.3% (3.9 to 7.3) 


 


-14 (-1.4%); p=0.099 


Pre-pathology stratum 


(n=2298) 


29/1140 


4.6% (1.8 to 6.0) 


42/1158 


6.9% (4.3 to 9.6) 


-13 (-2.3%); p=NR 


Post-pathology stratum 


(n=1153) 


8/581 


2.8% (1.3 to 5.9) 


9/572 


2.3% (1.0 to 5.2) 


-1 (0.5%); p=NR 


Breast cancer mortality: 


All patients (n=3451) 


 


20/1721 


2.6% (1.5 to 4.3) 


 


16/1730 


1.9% (1.1 to 3.2) 


 


p=0.56 


Pre-pathology stratum 


(n=2298) 


17/1140 


3.3% (1.9 to 5.8) 


15/1158 


2.7% (1.5 to 4.6) 


p=0.72 


Post-pathology stratum 


(n=1153) 


3/581 


1.2% (0.4 to 4.2) 


1/572 


0.5% (0.1 to 3.5) 


p=0.35 


Non-breast cancer 


mortality: 


All patients (n=3451) 


 


 


17/1721 


1.4% (0.8 to 2.5) 


 


 


35/1730 


3.5% (2.3 to 5.2) 


 


 


p=0.0086 


Pre-pathology stratum 


(n=2298) 


12/1140 


1.3% (0.7 to 2.8) 


27/1158 


4.4% (2.8 to 6.9) 


p=0.016 


Post-pathology stratum 


(n=1153) 


5/581 


1.58% (0.62 to 3.97) 


8/572 


1.76% (0.7 to 4.4) 


p=0.32 


NR, not reported. 


For non-breast cancer mortality which was statistically significantly different between the INTRABEAM 


and EBRT groups, Vaidya and colleagues
65


 detailed the causes of death. These included other types of 


cancer, cardiovascular causes and other causes.  Details can be found in the data extraction form in 


Appendix 4. 
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The absolute differences in the 5-year Kaplan-Meier estimates of percentage overall mortality were 


calculated and presented in the published paper for the pre-pathology stratum only (as with local 


recurrence, Section 4.1.2.1) for the three cohorts with increasing median follow-up.  As noted in section 


4.1.2.1 there are concerns about the approach taken and therefore the results should be interpreted 


cautiously.  The Kaplan-Meier estimates were similar across the three cohorts, with absolute differences 


in percentage mortality of -2.3 (whole cohort), -2.6 (mature cohort) and -2.2 (earliest cohort) (the data 


extracted from the published figure is available in Appendix 4.  These data and the absolute differences in 


the 5-year Kaplan-Meier estimates of percentage with local recurrence in the conserved breast (Section 


4.1.2.1) were presented together in the 2014 trial publication
65


 to demonstrate the relationship between 


local recurrence and mortality whereby women receiving INTRABEAM experience more local 


recurrences but fewer deaths compared to those receiving EBRT. 


 


4.1.2.3 Morbidity and toxicity  


Complications, in the form of local toxicity and morbidity, were reported as secondary outcomes. The 


initial publication by Vaidya and colleagues, 2010
64


 reported early complications but did not specifically 


define ‘early’, though the trial protocol
66


 stipulated that the period of serious adverse event observation 


extended from the time of registration onto the trial until 90 days after the completion of randomised 


treatment.  The more recent TARGIT-A publication (Vaidya and colleagues, 2014
65


), reported 


complications arising six months after randomisation.   


 


As can be seen in Table 12, the incidence of any early complication was similar in the two treatment 


groups. Clinically significant complications were also similar between groups with the exception of two. 


Wound seroma requiring more than three aspirations occurred more frequently in women receiving 


INTRABEAM than in those receiving EBRT (2.1% vs 0.8% respectively, p=0.012), whilst conversely an 


RTOG toxicity score of grade 3 or 4 was less frequent in the INTRABEAM group compared to the EBRT 


group (0.5% vs 2.1%, p=0.002).
64


  Separate data were not reported for the categories of dermatitis, 


telangiectasia, pain in irradiated field, or other that contributed to the RTOG toxicity grade 3 or 4 


outcome.  A member of the Advisory Group for this assessment indicated that the clinical impact for 


patients with grade 3 or 4 toxicity is much greater than for those with a seroma requiring several 


aspirations. 


 


The incidence of complications arising six months after randomisation (reported by the 2014 publication
65


) 


was lower in both treatment groups, although it is not clear whether these complications occurred in any 


of the same patients who were reported in the 2010 publication
64


 as having clinically significant 
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complications. There appeared to be no differences between treatment groups in any single defined 


wound-related complication (Table 12) (p-values were not reported), nor for total complications (1.1% 


INTRABEAM vs 0.9% EBRT, p=0.599). The incidence of radiotherapy-related complications (RTOG 


toxicity score of grade 3 or 4) remained higher in women receiving EBRT (0.8%) compared to those 


receiving INTRABEAM (0.2%), but the difference between the groups was no longer statistically 


significant (p=0.29).  


 


Table 12: Toxicity and morbidity 


Early
a
 complications INTRABEAM 


(n=1113) 


EBRT (n=1119) p-value 


No. of complications per patient:
64


    


0 917/1113 (82.4%) 946/1119 (84.5%) NR 


1 151/1113 (13.6%) 139/1119 (12.4%) NR 


2 29/1113 (2.6%) 27/1119 (2.4%) NR 


3 11/1113 (1.0%) 5/1119 (0.4%) NR 


4 3/1113 (0.3%) 0/1119 NR 


5 2/1113 (0.2%) 0/1119 NR 


6 0/1113 3/1119 (0.3%) NR 


Any complication
a
 196/1113 (17.6%) 174/1119 (15.5%) χ2 1.74, p=0.19


b
 


Clinically significant 


complications:
a64


 


INTRABEAM 


(n=1113) 


EBRT (n=1119) p-value 


Haematoma needing surgical 


evacuation 


11/1113 (1.0%) 7/1119 (0.6%) 0.338 


Seroma needing >3 aspirations 23/1113 (2.1%) 9/1119 (0.8%) 0.012 


Infection needing i.v. antibiotics or 


surgical intervention 


20/1113 (1.8%) 14/1119 (1.3%) 0.292 


Skin breakdown or delayed wound 


healing
c
 


31/1113 (2.8%) 21/1119 (1.9%) 0.155 


RTOG toxicity grade 3 or 4
d
 6/1113 (0.5%) 23/1119 (2.1%) 0.002 


Major toxicity
e
 37/1113 (3.3%) 44/1119 (3.9%) 0.443 
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Wound-related complications 


arising 6 months after 


randomisation:
65


 


INTRABEAM 


(n=1721) 


EBRT (n=1730) p-value 


Haematoma/seroma needing >3 


aspirations 


4/1721 (0.2%)
f
 


 


2/1730 (0.1%)
f
 NR 


Infection needing i.v. antibiotics or 


surgery 


12/1721 (0.7%)
f
 9/1730 (0.5%)


f
 NR 


Skin breakdown or delayed wound 


healing 


3/1721 (0.2%)
f
 5/1730 (0.3%)


f
 NR 


Total 19/1721 (1.1%) 16/1730 (0.9%) 0.599 


Radiotherapy-related 


complications:
65


 


RTOG toxicity grade 3 or 4 


 


 


4/1721 (0.2%) 


 


 


13/1730 (0.8%) 


 


 


0.029 


NR, not reported; RTOG, Radiation Therapy Oncology Group. Data are number of patients (%). 
a
The 2010 paper


64
 


does not indicate the time period over which these complications arose but the 2014
65


 paper describes them as ‘early 


complications’. 
b
TARGIT vs EBRT for no complications vs any number of complications, degree of freedom = 1. 


c
Some patients in first three rows could be included in the 4


th
 row. 


d
No patient had grade 4 toxicity. 


e
Defined as skin 


breakdown or delayed wound healing and RTOG toxicity grade of 3 or 4. 
f
Percentages calculated by reviewer. 


 


4.1.2.4 Sub-study reporting quality of life for participants at one trial centre 


No data on HRQoL have been published for the whole trial population, however Welzel and colleagues
63


 


have assessed quality of life retrospectively in one small sub-study of 88 participants enrolled at one 


centre in Mannheim, Germany.  The initial TARGIT-A trial publication
64


 indicates that all the 


participants enrolled at this centre were randomised to the pre-pathology stratum.  Quality of life was 


assessed by using two validated questionnaires of the EORTC, the QLQ-C30 (version 3) and the QLQ-


BR23.  Participants (n=88) were asked to report on their situation in the last week.  These participants 


represent 2.5% of the total TARGIT-A trial population.  The results of both an ITT analysis and an as-


treated analysis (with a threshold for significance of p < 0.01 in both cases) are presented in Table 13.  


The as-treated analysis removes five participants from the INTRABEAM group and moves four of them 


to the EBRT group because this was the treatment received, with the fifth (who refused EBRT) not 


contributing data.  The ITT analysis did not identify any statistically significant differences in QoL 


measures (global health status, restrictions in daily activities, general pain, breast or arm symptoms) 


reported by the INTRABEAM arm in comparison to the EBRT arm.  The as-treated analyses were not 


presented in the same way as the ITT analysis.  For the as-treated analyses the results for the 







51 


 


INTRABEAM arm were reported separately for those who received INTRABEAM therapy only and 


those who received INTRABEAM + EBRT with statistical comparisons of INTRABEAM only vs EBRT, 


INTRAEAM only vs INTRABEAM + EBRT, and EBRT vs INTRABEAM + EBRT being reported.  


Thus a statistical comparison between the original randomised groups is not reported.  For the comparison 


of the INTRABEAM only group with the EBRT treated group the as treated analyses showed a 


statistically significant benefit of INTRABEAM for the restrictions in daily activities, general pain, breast 


symptoms and arm symptoms, but there was no statistically significant difference in the global health 


status subscale.  When comparing the INTRABEAM only group with the INTRABEAM + EBRT group 


the only statistically significant difference in the reported QoL measures was for breast symptoms.  No 


statistically significant differences were reported for comparisons of QoL measures between the 


INTRABEAM + EBRT and the EBRT groups.  These data should be interpreted cautiously due to their 


non-randomised nature and the small numbers involved.  The breast and arm symptoms most commonly 


reported by participants were moderate or severe pain in the arm or shoulder, difficulty in raising/moving 


arm sideways and pain in area of affected breast.  No statistically significant differences between groups 


were reported for the as treated analysis of frequency of symptoms. 


 


Table 13: QoL outcomes 


ITT analysis, QoL outcome, 


mean (SD) 


INTRABEAM n=46 (IORT n=30, 


INTRABEAM + EBRT n=16) 


EBRT 


n=42 


p-


value
a
 


Global health status
b
 61.6 (21.7) 


N=46 


54.8 (19.9) 


N=40 


0.183 


Restrictions in daily activities
b
 72.8 (32.3) 


N=46 


61.8 (29.2) 


N=41 


0.055 


General pain
c
 29.3 (32.8) 


N=46 


42.5 (33.0) 


N=42 


0.048 


Breast symptoms
c
 17.0 (20.8) 


N=45 


18.1 (20.2) 


N=42 


0.629 


Arm symptoms
c
 24.4 (26.7) 


N=45 


31.1 (27.9) 


N=40 


0.279 
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As-treated analysis, QoL 


outcome, mean (SD) 


INTRABEAM 


n=25 


INTRABEAM + 


EBRT n=16 


EBRT 


n=46 


p-


value 


Global health status
b
 63.6 (24.2) 60.9 (19.9) 52.4 (22.1) >0.01 


Restrictions in daily activities
b
 78.7 (35.2) NR 60.5 (29.5) 0.007


e
 


General pain
c,d


 21.3 (95% CI NR
h
 


to 54.4) 


43.7 (95% CI 11.6 to 


75.9) 


40.9 (95% 


CI 8.6 to 


73.2) 


0.007
e
 


0.018
f
 


Breast symptoms
c,d


 7.2 (95% CI NR
h
 to 


20.9) 


29.7 (95% CI 6.8 to 


52.5) 


19.0 (95% 


CI NR
h
 to 


39.2) 


0.001
e
 


<0.001
f
 


0.021
g
 


Arm symptoms
c,d


 15.2 (95% CI NR
h
 


to 37.2) 


32.6 (95% CI 6.8 to 


58.4) 


32.8 (95% 


CI 4.2 to 


61.5) 


0.009
e
 


0.011
f
 


As-treated analysis, frequency 


breast/arm symptoms,
i
 % 


moderate/severe 


INTRABEAM 


n=25 


INTRABEAM + 


EBRT n=16 


EBRT 


n=46 


p-


value 


Pain in area of affected breast 4% / 0 25% / 13% 11% / 4% >0.01 


Swelling in area of affected breast 0 / 0 7% / 7% 4% / 2%  


Oversensitivity in area of affected 


breast 


4% / 0 20% / 7% 9% / 7%  


Skin problems on or in area of 


affected breast 


4% / 4% 13% / 6% 9% / 4%  


Pain in arm or shoulder 8% / 8% 33% / 20% 18% / 23% >0.01 


Swelling in arm or hand 8% / 4% 6% / 6% 9% / 7%  


Difficulty in raising or moving arm 


sideways 


20% / 0 13% / 7% 24% / 12% >0.01 


NR, not reported.  
a
 statistical significance was set at 0.01, 


b
 higher scores are equal to good functioning/good quality 


of life, 
c
 higher scores are equal to severe symptoms/worse quality of life, 


d
 figures estimated from graph (4C) by 


reviewer using Engauge digitizing software, 
e
 IORT vs EBRT, 


f
 IORT vs IORT-EBRT, 


g
 EBRT vs IORT-EBRT, 


h
 


lower CI not specified on bar chart, 
i
 reported by patients. 
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Summary of Clinical Effectiveness 


 One RCT
64;65


 met the inclusion criteria for the systematic review.  It evaluated IORT using the 


INTRABEAM device compared to conventional whole breast EBRT.  In addition to the main 


trial,
64;65


 one substudy reported on participants from an individual trial centre for the outcome of 


quality of life.
63


  Other publications from TARGIT-A were not included. 


 The RCT had two randomisation strata.  Participants in the pre-pathology stratum were 


randomised prior to surgery to remove the tumour to INTRABEAM or EBRT.  Any participants 


in the INTRABEAM arm who were subsequently found to have unfavourable pathological 


features received EBRT in addition (i.e. INTRABEAM + EBRT).  Participants in the post-


pathology stratum received surgery to remove the tumour and were entered into the trial 


providing initial histopathology showed no adverse criteria.  Participants in the INTRABEAM 


arm found to have unfavourable pathological features on final histopathology received 


INTRABEAM + EBRT. 


 The quality of the RCT was judged to be good with a low risk of bias. 


 Local recurrence in the conserved breast was the primary outcome of the RCT with the pre-stated 


non-inferiority margin being an absolute difference of 2.5% between groups.  Overall survival 


was a secondary outcome.  The median follow-up was two years five months, with 59% of the 


total study population reaching a median follow-up of four years and 1222 (35%) reaching a 


median follow-up of five years.  Results were presented for the whole trial population, the pre-


pathology stratum and the post-pathology stratum.   


Whole trial population 


 Local recurrence for the whole trial population was higher in the INTRABEAM group but 


the absolute difference in 5-year risk of local recurrence did not exceed the 2.5% non-


inferiority margin.  Analysis of the non-inferiority statistic for local recurrence indicated that 


INTRABEAM was non-inferior to EBRT. 


 The difference in overall survival for the whole trial population between women who 


received INTRABEAM and those who received EBRT was not statistically significant.  


Analysis of breast cancer and non-breast cancer deaths showed that rates of breast cancer 


death were similar between the two treatments but there were significantly fewer non-breast 


cancer deaths in the INTRABEAM group compared to the EBRT group. 


 When considering these results for differences in 5-year risks it should be remembered that 


median follow-up was just under 2.5 years, 1222 participants had completed five years of 


follow-up.  The initial sample size calculation required 2232 participants be enrolled 


however this was based on a background 5-year recurrence rate of 6% whereas the observed 
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recurrence rate in the trial to date is lower than 6% so a smaller sample size could achieve 


the same statistical power.  


Pre-pathology stratum 


 Local recurrence for the pre-pathology stratum was higher in the INTRABEAM group but 


the absolute difference in 5-year risk of local recurrence did not exceed the 2.5% non-


inferiority margin.  Analysis of the non-inferiority statistic for local recurrence indicated that 


INTRABEAM was non-inferior to EBRT. 


 Overall mortality was slightly lower in the INTRABEAM group because although breast 


cancer deaths were similar between the two treatments there were significantly fewer non-


breast cancer deaths in the INTRABEAM group.  


 Participants in the pre-pathology stratum treated with INTRABEAM experienced a 1% 


increase in local recurrence but this was counterbalanced with a potential 2.3% decrease in 


overall mortality. 


 When considering these results the same issues regarding median length of follow-up apply 


as noted for the whole trial population.  It should also be remembered that 2298 participants 


were randomised to the pre-pathology stratum. 


Post pathology stratum 


 Local recurrence in the post-pathology stratum was higher in the INTRABEAM arm and the 


absolute difference in the 5-year local recurrence exceeded the pre-defined non-inferiority 


margin of 2.5%.  Analysis of the non-inferiority statistic indicated that non-inferiority was 


not established for the post-pathology patients.  


 Overall mortality, breast cancer and non-breast cancer mortality were similar between 


treatment groups.  


 When considering these results the same issues regarding median length of follow-up apply 


as noted for the whole trial population.  In addition it should be remembered that 1153 


participants were randomised to the post-pathology stratum. 


 Numbers of early complications reported were similar in the two treatment groups.  Clinically 


significant complications were also similar except for wound seroma requiring more than three 


aspirations which occurred more frequently in the INTRABEAM group whereas an RTOG 


toxicity score of grade 3 or 4 was less frequent in the INTRABEAM group.  Complications 


arising six months after randomisation appeared similar between the groups and although RTOG 


toxicity of grade 3 or 4 remained more common among EBRT arm participants the difference 


between groups was no longer statistically significant. 


 Sub-study reporting quality of life for participants at one trial centre 
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 The outcomes from this sub-study should be treated with some caution because of the risks of 


bias identified and the small proportion of the overall trial population involved. 


 ITT analysis did not identify any statistically significant differences in QoL measures between 


the study arms. 


 


4.2 SHTAC review of clinical effectiveness in manufacturer submission to NICE 


Carl Zeiss UK (INTRABEAM manufacturer) submitted a report and economic model to NICE.  The 


clinical effectiveness evidence has been briefly appraised (Appendix 5).  A review of the economic model 


and cost-effectiveness results included in the manufacturer’s submission (MS) can be found in Chapter 5 


(Section 5.3). 


 


The manufacturer did not conduct a formal systematic review of the clinical effectiveness evidence.  


Although databases searched and the dates of searches were specified no information is provided to 


indicate how the results of this search were screened to identify relevant studies, no detailed inclusion or 


exclusion criteria were presented and there is no quality assessment of the included studies.  The 


manufacturer did not report searching for any ongoing studies but information is included from 


conference proceedings. 


 


The MS contains a narrative summary of the single key RCT, the TARGIT-A trial, which is also included 


in the SHTAC systematic review.  However there are two differences in the evidence presented.  The MS 


excludes evidence from the initial TARGIT-A trial publication from 2010
64


 reasoning that the 2010 


results are expected to be included in the more recent (2014
65


) publication.  In contrast the SHTAC 


systematic review includes evidence on early complications from the 2010 TARGIT-A trial publication
64


 


since these are not reported by the more recent 2014 trial paper.
65


  The second difference in the TARGIT-


A trial evidence presented is that the MS includes a cohort study (Tuschy and colleagues 2013
77


) 


reporting on post-operative complications within the first week following surgery at the TARGIT-A trial 


centre in Mannheim.  This cohort study is excluded from the SHTAC systematic review because it is 


likely that the data reported are either partially or wholly contained within the early complications 


reported by the initial TARGIT-A trial publication
64


 and furthermore Tuschy and colleagues
77


 report no 


comparable data for the EBRT group. 
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In addition to evidence from the TARGIT-A RCT the MS also provides a narrative summary of evidence 


from a further 22 studies (6 reported as conference abstracts) that did not meet the inclusion criteria of the 


SHTAC review, chiefly on the grounds of study design.   


 


The MS ‘Interpretation of clinical evidence’ subsections a, b, and c (MS pages 42-46) focuses on the 


TARGIT-A trial data, and consequently, with just one included trial there is no discrepancy for the key 


outcomes of recurrence and overall survival between the MS and the SHTAC systematic review. 


 


4.3 Ongoing studies 


The clinical effectiveness search and the search for ongoing studies identified one ongoing RCT 


(TARGIT-B), one prospective single arm study (TARGIT-E) and three registry database studies 


(TARGIT-R, TARGIT-BQR and TARGIT-US).  A brief description of each study is provided in Table 14. 
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Table 14: Ongoing studies 


Title 


Database 


identifier(s) 


Study type 


 


Estimated 


enrolment 


Summary description of study aims Start date End date 


 


(Primary 


end date) 


Funding &/or 


Sponsor 


TARGIT-B 


 


NCT01792726 


HTA 10\104\07 


RCT 


(multicentre, 


multinational) 


 


n=1796 


To evaluate whether a tumour bed boost in the form of a 


single fraction of radiotherapy given intra-operatively and 


targeted to the tissues at the highest risk of local 


recurrence is superior (in terms of local tumour control) to 


standard post-operative external beam radiotherapy boost, 


after breast conserving surgery in women undergoing 


breast conserving therapy who have a higher risk of local 


recurrence. 


March 


2013 


April 2022 


 


(Jan 2022) 


HTA 


TARGIT-E 


 


NCT01299987 


Prospective 


multicentre single 


arm phase II 


 


n=265 


To investigate the efficacy of a single intraoperative 


radiotherapy treatment (based on the protocol of TARGIT-


A) within elderly low risk patients which is followed by 


EBRT only when risk factors are present. In presence of 


risk factors postoperative EBRT will be added according 


to international guidelines. 


January 


2011 


Nov 2025 


 


(Nov 


2015) 


Sponsor 


University 


Hospital 


Mannheim 


TARGIT-R 


 


ISRCTN91179875 


Registry database 


(multicentre, 


multinational) 


 


n not provided 


To monitor the long-term effectiveness and safety of 


TARGIT treatment in women who receive TARGIT 


outside of a clinical trial.  Recruitment start mid-2013 


continuing to at least mid-2015. 


July 2013 July 2023 Royal Free 


Charity (UK)  


TARGIT-BQR 


 


NCT01440010 


Registry database 


(Germany) 


 


n=1000 


A quality control registry collecting data on local 


recurrence rate, toxicity and overall survival.  For women 


with breast cancer receiving TARGIT with the 


INTRABEAM system as an advanced boost followed by 


shortened EBRT. 


September 


2011 


not 


provided 


Sponsor 


University 


Hospital 


Mannheim 


TARGIT-US 


 


NCT01570998 


Registry Trial 


(USA) 


 


n=755 


A pragmatic registry trial (modelled on TARGIT-A) to 


continue the use of intraoperative radiotherapy for a select 


population of women, and to follow outcomes of local and 


regional control, toxicity and morbidity. 


May 2012 not 


provided 


 


(Jan 2015) 


Sponsor 


University of 


California, San 


Francisco 
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5 ECONOMIC ANALYSIS 


The aim of this section is to assess the cost-effectiveness of the INTRABEAM Photon Radiotherapy 


System for the adjuvant treatment of early operable breast cancer. 


 


The economic analysis comprises: 


 A systematic review of the literature on the cost-effectiveness of the INTRABEAM Photon 


Radiotherapy System for the adjuvant treatment of early operable breast cancer; 


 A systematic review of studies of the HRQoL of patients with breast cancer; 


 A review of the INTRABEAM manufacturers’ submission to NICE; 


 an independent economic model and cost-effectiveness evaluation (the SHTAC model). 


 


5.1 Systematic review of existing cost-effectiveness evidence 


The methods and inclusion criteria considered for this review of economic evaluations are presented in 


Section 2.1 and details of the search strategy are documented in Appendix 2.  


 


A total of 184 citations were identified through the systematic searches. Following examination of titles 


and abstracts, ten potentially relevant papers were retrieved for a more detailed inspection. Of these, 


seven papers were excluded; some for more than one reason. The primary reasons for exclusion were: full 


economic evaluation was not conducted in four studies; two studies were abstracts with insufficient 


details to allow an appraisal of the methodology and results; and one study was excluded because the 


intervention was not INTRABEAM (for details, see list of excluded studies in Appendix 6). A summary 


of the selection process and the reasons for exclusion is presented in Figure 3.  


 


Three publications were eligible for inclusion, two of which reported the same economic model:  


Alvarado and colleagues
78


 reported a full economic evaluation based on the trial results of TARGIT-A, 


and Esserman and colleagues
79


 assessed the level of confidence of the TARGIT-A trial results and the 


impact of early and late adoption of the trial results. The remaining study by Shah and colleagues
80


 


conducted an economic evaluation based on TARGIT-A and the Electron Intraoperative Radiotherapy 


(ELIOT) trial, however the analysis based on ELIOT trial is not relevant to this systematic review. 


Characteristics of the included studies
78-80


 are shown in Table 15 and discussed in more detail 


subsequently. The full data extraction forms are shown in Appendix 7. 
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Figure 3: Flow chart of identification of studies for inclusion in the review of cost effectiveness 


 


 


 


References for retrieval 


and screening 


 n = 10 


Titles and abstracts 


inspected 


Total identified from 


searching (after  


de-duplication) 


n = 184 


Excluded 


n =174 


Excluded:  


n =7 


(Design: n = 4; abstract with insufficient 


information:  n = 2; intervention: n = 1) 


Studies included n = 2 


 (reported in 3 publications) 
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Table 15 Characteristics of included economic evaluations 


Author Alvarado et al.
78;79


  Shah et al.
80


 


Publication 


Year 


2013, 2014 2014 


Country USA USA 


Funding 


source 


Not stated Not stated 


Study type Cost utility analysis Cost utility analysis; Cost minimisation 


analysis 


Perspective Societal Societal 


Study 


population 


Women with early breast cancer included 


in TARGIT-A trial 


Women with early breast cancer as included 


in TARGIT-A trial 


Intervention(s) INTRABEAM INTRABEAM  


Comparator(s) 6-week EBRT with a standard 33 fractions Whole Breast Irradiation (EBRT) 


Intervention 


effect 


Kaplan-Meier estimate of local recurrence 


in the conserved breast at 4 years: 1.2% 


(95% CI: 0.53 – 2.71) for INTRABEAM 


and 0.95% (95% CI: 0.39 – 2.31) for EBRT 


(TARGIT-A trial). 


Local recurrence rates 3.3% for 


INTRABEAM and 1.3% for EBRT 


(TARGIT-A trial).  


 


 


Currency base US Dollars 2011 Not stated 


Model type, 


health states 


A Markov decision-analytic model with 6 


health states based on the TARGIT-A trial. 


Not reported explicitly, analyses were based 


on reimbursement models. 


Time horizon 10 year  Not clearly stated, assumed to be 10 years  


Baseline 


cohort 


Women aged ≥55 years with early breast 


cancer defined as stage I-IIA ER+ 


TARGIT-A trial: Women with early-stage 


ductal breast cancer who were ≥45 years 


Base case 


results 


Costs: INTRABEAM $28,879; 6-week 


EBRT $34,070. 


LY: INTRABEAM 8.38240; 6-week 


EBRT 8.38257. 


QALY: INTRABEAM 7.66020; 


6-week EBRT 7.65994.  


ICERs for local recurrence: range $1782 to 


$2172 for EBRT based on difference in 


whole breast irradiation rates (15% - 21%).  


Costs per QALY for EBRT compared with 


INTRABEAM: range $89,234/QALY to 


$108,735/QALY depending on the 
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ICER: 6-week EBRT dominated. difference in whole breast irradiation rates. 


ER+: Estrogen Receptor Positive; ICER: Incremental cost-effectiveness ratio; IORT: Intraoperative Radiation 


Therapy; WB-EBRT: Whole-Breast External Beam Radiation Therapy; CI: Confidence Interval; TARGIT: Targeted 


Intraoperative Radiotherapy; ELIOT: Electron Intraoperative Radiotherapy; IORT: Intraoperative radiation therapy; 


QALY: Quality Adjusted Life Years. 


 


Critical appraisal of the economic evaluations 


The included cost-effectiveness studies were assessed against a critical appraisal checklist (Table 16) 


which appraised the quality of the studies and their generalisability to the UK.  


 


Both studies clearly defined the decision problem and used the relevant intervention and comparator for 


the purpose of this review, although the number of fractions used in the comparator arm of EBRT was not 


relevant to UK practice (a standard of 33 fractions was used by Alvarado and colleagues,
78


 whereas 


standard UK practice is 15 fractions over three weeks; the number of fractions was not reported by Shah 


and colleagues
80


). The patient groups of interest as well as the perspective of the studies (societal) were 


stated. However, as the studies were based in the USA they are not generalisable to the UK NHS setting. 


It is to be noted that the TARGIT-A trial, on which both the economic evaluations were based, included 


pre-pathology and post-pathology patients.  The study type and modelling methodology adopted by 


Alvarado and colleagues
78


 are appropriate for the decision problem in this review. Shah and colleagues,
80


 


on the other hand, do not describe the methodology but do state that the methodologies are described 


elsewhere.  


 


The study by Alvarado and colleagues
78;79


 was transparent with respect to the information on model 


inputs and the assumptions used. Health state specific costs and utilities were populated from published 


literature, although it was unclear if systematic reviews were conducted to inform these parameters. Both 


direct and indirect costs were reported.
78;79


 The utilities associated with the health states in the base case 


model were obtained via standard gamble technique in the source study.
81


 Health outcomes were reported 


in terms of QALYs and life years gained. A ten year time horizon was used; this is considered 


inappropriate as risk of local recurrence continues over a lifetime.  A series of one-way and two-way 


sensitivity analyses were conducted to assess uncertainty. In addition, scenario analysis of the 3-week 


accelerated EBRT schedule of 16 fractions was performed. Although the results of the one-way 


sensitivity analyses favoured INTRABEAM over EBRT in the treatment of patients with early stage 


breast cancer, the robustness of the results still remains questionable as probabilistic sensitivity analysis 


(PSA) was not conducted. The external validity of the economic model was assessed by comparing the 
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findings with the published results of TARGIT-A, as well as against an online tool for adjuvant therapy 


and published cost-effectiveness evidence in the disease area using EBRT as one of the comparator arms. 


The results of the base case model were comparable with these sources.  


 


Shah and colleagues
80


 reported that all assumptions and methodology adopted in the analyses were based 


on and consistent with previously published articles, references of which were obtained and examined by 


the Assessment Group (AG). The methodologies adopted to estimate reimbursement costs as well as the 


assumptions used in cost estimations were adequately described in the references provided. The study 


reported health outcomes in terms of QALYs. The time horizon for the analysis was not clearly stated but 


based on the estimation of mean utility by reimbursement technique it was assumed to be ten years. No 


sensitivity or validation checks were reported, thus raising questions about the robustness of the results 


presented.  


 


Table 16: Critical appraisal checklist for economic evaluations (based on Drummond and 


colleagues
57


) 


Item Alvarado and 


colleagues 2013
78;79


 


Shah and 


colleagues 2014
80


 


1. Is the decision problem (including interventions 


compared and patient group) relevant to the UK? 


Y Y 


2. Is the setting comparable to the UK? N N 


3. Is the analytical and modelling methodology 


appropriate? 


Y Y 


4. Are all the relevant costs and consequences for each 


alternative identified? 


Y Y 


5. Are the data inputs for the model described and justified? Y Y 


6. Are health outcomes measured in QALYs? Y Y 


7. Is the time horizon considered appropriate? N ? 


8. Are costs and outcomes discounted? Y N 


9. Is an incremental analysis performed? Y N 


10. Is uncertainty assessed? Y N 


Y – yes, N – no, ? – unclear 
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Description and results of the published economic evaluations 


 


Alvarado and colleagues
78


 


Modelling approach 


Alvarado and colleagues
78


 developed a Markov decision analytic model in TreeAge software to assess the 


cost-effectiveness of INTRABEAM compared to EBRT based on the results of the TARGIT-A trial. The 


analysis was conducted over a 10 year time horizon with annual model cycles. Patients’ transition through 


the model was clearly stated. The six health states were: 


 Disease-free status post breast conserving surgery (BCS) 


 Disease-free following local recurrence + salvage mastectomy 


 Disease-free following local recurrence + salvage lumpectomy  


 Metastases 


 Death due to other causes 


 Death due to metastatic breast cancer 


All patients entering the model were assumed to be in a healthy state without evidence of the disease, 


having initially undergone breast conserving surgery and allocated radiation treatment. Patients with local 


recurrence who initially received EBRT were treated with salvage mastectomy followed by immediate 


reconstruction.  However, patients with local recurrence who had initially received INTRABEAM also 


had the option of salvage lumpectomy followed by EBRT. Patients could die due to any other causes at 


any time in the model, although death resulting from breast cancer was possible only for those women 


who had metastatic breast cancer. 14.1% of women with INTRABEAM received an additional five weeks 


(28 fractions) of EBRT.  Costs and benefits were discounted at 3% per annum. Costs were expressed in 


US $ and the price year was 2011. 


 


Assumptions 


Alvarado and colleagues
78


 incorporated the following assumptions to inform the cost-utility model: 


 Local recurrence rates were assumed to progress linearly over 10 years. This is a strong 


assumption and should be treated with caution. 


 For women treated with INTRABEAM followed by EBRT, it was assumed that they incurred the 


same local recurrence rates as those who had INTRABEAM alone. 


 


Estimation of effectiveness  


Alvarado and colleagues
78


 sourced inputs for 10-year local recurrence rates and probabilities from one 


publication. Data for the 4-year local recurrence rates from the TARGIT-A trial
64


 were converted to 
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annual transitional probabilities and projected over a 10-year period.  The Kaplan-Meier estimate of local 


recurrence in the conserved breast at four years was estimated to be 1.2% (95% CI: 0.53 – 2.71) for the 


INTRABEAM arm and 0.95% (95% CI: 0.39-2.31) in the EBRT arm.  


 


Estimation of QALYs 


Alvarado and colleagues
78


 stated that where possible, health state utilities were obtained via standard-


gamble preferences.  These were sourced from a 1998 publication, which evaluated HRQoL in breast 


cancer patients treated with lumpectomy and radiotherapy.
81


 The utilities for INTRABEAM, 6-week 


EBRT, and INTRABEAM followed by 5-week EBRT, were assumed to be the same, at 0.92. The utility 


associated with salvage mastectomy was valued at 0.82; and that of salvage mastectomy followed by 


EBRT at 0.87. Patients with metastatic breast cancer were assigned a value of 0.70.  


 


Estimation of costs 


A societal perspective was adopted for the analyses, including both direct and indirect costs. Direct costs 


included by Alvarado and colleagues
78


 were costs of the physician, facility fees for various surgical and 


radiotherapy therapy treatments and costs of the metastatic health state. Surgical and treatment costs were 


estimated using Medicare reimbursements, and the costs associated with the metastatic states were 


sourced from published literature.  The intervention costs were reported as: INTRABEAM: $5547; 6-


week EBRT: $10,464; INTRABEAM followed by 5-week EBRT: $13,640; and 3-week EBRT: $6,640.  


 


Indirect costs were derived from published data and were estimated as follows: INTRABEAM followed 


by 5-week EBRT: $1244; 6-week EBRT: $1467; and 3-week EBRT: $667.   


 


Cost effectiveness results 


For the base case analysis, Alvarado and colleagues
78


 found that INTRABEAM resulted in a QALY gain 


of 0.00026 and cost $5191 less than 6-week EBRT. Therefore the ICER of INTRABEAM dominated 6-


week EBRT as it was cheaper and more effective. One-way and two-sensitivity analyses, conducted to 


check uncertainty in the base case model prediction, further supported the base case results.  External 


validity of the model was assessed; the predicted 4-year recurrence rate of INTRABEAM in the model 


was similar to that in TARGIT-A trial and the predicted 10 year overall survival in the model compared 


with the results of an online tool of an adjuvant therapy and a published cost-effectiveness model. 
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Summary of key issues 


 The study Alvarado and colleagues
78


 was based on US healthcare system; hence it is not 


generalisable to the UK setting. Further, a societal perspective was adopted which differed from 


the UK NHS and Personal Social Services (PSS) perspectives.   


 The model included results from both pre-pathology and post-pathology patients. 


 The number of fractions of EBRT was not relevant to UK practice. The study used the 


assumption of using EBRT with a standard 33 fractions whereas the current standard UK practice 


is 15 fractions. 


 Uncertainty around the base case results was not fully explored; a very limited number of one-


way and two-way sensitivity analyses were conducted; probabilistic sensitivity analysis was not 


performed.  


 The economic analysis was conducted for a time horizon of 10 years which is inappropriate given 


that risk of local recurrence continues over a lifetime.  


 


Shah and colleagues
80


 


Modelling approach 


Shah and colleagues
80


 analysed the cost-effectiveness of IORT compared with EBRT and accelerated 


partial-breast irradiation (APBI) through reimbursement models based on the results of two trials, 


TARGIT-A and ELIOT. The results based on the ELIOT trial were not extracted as the intervention was 


not eligible for inclusion in this systematic review. The study estimated reimbursement models in four 


ways:   


 Reimbursement only (professional and facility) 


 Reimbursement incorporating additional medical costs (e.g. increased operative time with IORT, 


fraction of IORT patients requiring additional radiation) 


 Reimbursement requiring non-medical costs 


 Reimbursement incorporating costs associated with recurrences 


A cost minimization analysis was also conducted based on the absolute difference in reimbursements by 


techniques. The ICER analysis provided the increased reimbursement required to use EBRT or APBI 


compared with IORT per percentage point of improvement in local recurrence. The study, in general, did 


not adhere to the prescribed modelling techniques advocated by NICE. Costs year and discount rates were 


not reported.  


 


Assumptions 


Shah and colleagues
80


 refer to other publications for details about assumptions.
82-85
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Estimation of effectiveness  


Shah and colleagues
80


 obtained local recurrence rates for both the INTRABEAM and EBRT arms (3.3% 


for INTRABEAM vs. 1.3% for EBRT) from the TARGIT-A trial.  


 


Estimation of QALYs 


The utility values used by Shah and colleagues
80


 were obtained from the same source
81


 as Alvarado and 


colleagues
78


 as outlined above. A utility of 0.92 was assigned to the ‘no recurrence’ health state; 0.779 to 


‘local recurrence’; and 0.685 to the ‘other recurrence’ health state. 


 


Estimation of costs 


A societal perspective was adopted for the analyses, including both direct and indirect costs. Details of the 


costs (direct and indirect) used in the analysis by Shah and colleagues
80


 were described elsewhere. 
82-85


  A 


detailed overview of the methods to estimate non-medical costs, follow-up costs, and costs of local 


recurrence or other recurrence (including salvage mastectomy) was presented. Reimbursement costs for 


INTRABEAM and EBRT were reported as outlined in Table 17. Non-medical costs were reported as 


$44.96 and $89.92 per day for once-daily and twice-daily treatment schedules respectively. Non-medical 


costs were estimated as follows: 


 Average round-trip travel was 40 miles to the radiation centre (6 cents per mile), 


 The time involved was two hours per treatment, including travel of which 30 minutes were spent 


receiving treatment ($14.78 per hour), 


 Patients receiving twice-daily treatment returned to work during the inter-fraction interval. 


 


Table 17: Reimbursement costs for INTRABEAM and EBRT reported by Shah and colleagues
80


 


 INTRABEAM EBRT 


Total reimbursement $3094 $11,726 


Reimbursement including additional medical costs
a 


$8003 - $8706 $11,726 


Reimbursement including medical and nonmedical 


costs
a
 


$8192 - $8971 $12,985 


Reimbursement including medical, nonmedical, and 


recurrence costs (TARGIT)
a
  


$9399 - $10,179 $13,122 


a 
Range based on differences in EBRT rates (15% - 21%) 
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Cost effectiveness results 


Based on the TARGIT-A trial results, Shah and colleagues
80


 reported that the ICERs for local recurrence 


ranged from $1782 to $2172 for EBRT, based on the difference in whole breast irradiation rates (15% - 


21%), when all associated costs were incorporated. The costs per QALY for EBRT compared with 


INTRABEAM ranged from $89,234/QALY to $108,735/QALY depending on the difference in whole 


breast irradiation rates. Results from the cost-minimization analysis indicated that the use of 


INTRABEAM was associated with cost-savings of $3.6-$4.3 million when compared with EBRT. 


 


Summary of key issues 


Shah and colleagues
80


 reported the results of cost-effectiveness analysis based on reimbursement models. 


This study also had a number of limitations: 


 The study was based in the USA and adopted a societal perspective, which is not generalisable to 


the UK NHS and PSS setting. 


 Limited information was reported on the model approach and assumptions in the included paper, 


however details on model structure and assumptions were reported elsewhere. 


 The time-horizon for the analysis was not clearly stated. 


 Although the techniques adopted to estimate costs associated with non-medical, follow-up, local 


recurrence or other recurrence (including salvage mastectomy) were mentioned, the costs were 


not reported, except for non-medical costs.  


 Sensitivity analysis was not conducted as part of the analysis, thereby raising questions on the 


robustness of the model predictions. 


 


Summary of cost-effectiveness studies 


 Two cost-effectiveness studies, reported in three publications
78-80


 were identified.  


 Both studies were based on the findings of the TARGIT-A trial. 


 Cost-utility analyses were performed to evaluate QALYs, costs and ICERs of INTRABEAM vs 


EBRT. 


 The analyses were conducted for a time horizon of ten years in one study;
78;79


 for the other study
80


 


it is assumed that a similar time horizon was adopted, although this was not clearly stated.  


 The quality of utility data used in both the studies is questionable. The source study by Hayman 


and colleagues
81


 was an old publication and more recent data would have been appropriate, such 


as those identified in section 5.2. It was also not clear whether a systematic approach was adopted 


to identify this source.  
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 The perspectives, settings and comparators of both studies were not generalisable to the UK 


setting.  


 Alvarado and colleagues
78


 found INTRABEAM to be a more valuable strategy with less cost and 


greater QALYs than EBRT. Shah and colleagues
80


 concluded that whilst INTRABEAM 


represented a potential cost-saving alternative compared to EBRT, the latter represented a cost-


effective modality compared to INTRABEAM when additional medical and non-medical costs 


were factored in.   


 


5.2 SHTAC systematic review of health related quality of life studies 


A systematic review of HRQoL was undertaken, which aimed to identify utility data to populate the 


planned independent economic model of INTRABEAM for breast cancer discussed in section 5.4.  


 


The methods used to identify studies are described in section 3, although the selection criteria were 


modified slightly. Firstly, as stated in section 3.2, inclusion was not limited to women with early breast 


cancer. After considering previous research, such as the TARGIT-A trial (discussed in section 4.1.1) and 


other cost-effectiveness studies (discussed in 5.1), it was anticipated that the following health states would 


be of potential relevance for developing an economic model. These health states were then specified a 


priori as eligibility criteria for the systematic review of HRQoL: 


 Disease-free after wide local excision (WLE) 


 WLE + INTRABEAM 


 WLE + External Beam Radiation Therapy (EBRT) 


 WLE + INTRABEAM + EBRT 


 Mastectomy and reconstruction 


 Disease free after local recurrence 


 Distant recurrence/metastases 


 


Secondly, although the initial intention was to include studies that reported either preference-based 


measures of health such as EQ-5D, SF-6D, HUI3; disease-specific measures such as EORTC QLQ BR23, 


EORTC QLQ C30; or SF36, this resulted in a large number of HRQoL studies of potential relevance. 


Therefore the selection criteria were narrowed to only those studies that reported patients’ quality of life 


using the EQ-5D measure. The EQ-5D consists of five dimensions of health: mobility, self-care, ability to 


undertake usual activities, pain and discomfort, and anxiety and depression. It is the preferred measure of 


HRQoL by NICE as it permits comparison of cost-effectiveness (e.g. in terms of QALYs) with other 
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healthcare interventions to inform decisions about recommended treatments. In addition, it has been 


widely used and validated in many different patient populations.   


 


The eligibility criteria for the systematic review of QoL are summarised below. 


 Participants:  


o Women with breast cancer and meeting any of the health states defined above. 


 Intervention/comparator: 


o Radiotherapy; endocrine/hormonal therapy; chemotherapy. 


 Outcomes: 


o EQ-5D index [EQ-5D visual analogue scale (VAS) was excluded]. 


 Design: 


o Primary research studies [mapping studies (which seek to create a mathematical link 


between two different QoL instruments) were excluded]. 


o Studies based in the UK, Europe, Northern America and Australasia. 


o Studies published as abstracts or conference presentations were included only if sufficient 


details were provided to allow an appraisal of the methodology and assessment of the 


results. 


o Non-English language studies were excluded. 


 


A total of 939 potentially relevant studies were identified through the systematic searches, the majority of 


which (874 studies) were excluded based on titles and abstracts. Full papers of the remaining 65 studies 


were retrieved for further inspection; these studies were first screened to check they met all of the 


following five selection criteria: 


 Breast cancer patients (including metastases) 


 Primary research 


 EQ-5D 


 Published in English language and 


 Full paper or abstract with sufficient information available 


Any study that did not meet any of the above five criteria was excluded. If studies met all five criteria, 


they were further screened to check: 


 If EQ-5D data were reported for any of the seven health states of interest  


 If the geographical origin of the participants was the UK, Europe, North America or Australasia. 


The geographical locations were limited to these regions due to similar racial compositions.  


Studies were included in this review if they met all of the above criteria.  
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Nine studies met the inclusion criteria. Some studies were excluded for more than one reason; the main 


reasons for exclusion of the remaining 55 studies were: not primary research (3), abstracts with 


insufficient details (19), inappropriate participants (9), studies not reporting EQ-5D data (11), and no 


utility data on any of the seven health states of interest for the purpose of this review (13). A summary of 


the selection process and the reasons for exclusion are presented in Figure 4 and Appendix 8 respectively. 


 


 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 4: Flow chart of identification of studies for inclusion in the review of QoL 


 


The characteristics of the nine included studies are presented (see Table 18) and discussed according to 


the health states outlined earlier. The studies were diverse in terms of their aims, comparisons made, 


patient characteristics and locations. Full data extraction of all the included studies is shown in Appendix 


9. The nine studies provided data for five of seven health states potentially relevant for the independent 


model:  disease-free after WLE (one study), WLE+EBRT (three studies), disease-free after local 


recurrence (one study), mastectomy and reconstruction (two studies), and distant recurrence/metastatic 


References for retrieval 


and screening 


 n = 65 


Titles and abstracts 


inspected 


Total identified from 


searching (after  


de-duplication) 


n = 939 


Excluded 


n =874 


Excluded 


n = 55 


Not primary research: n=3. 


Abstract: n=19;  


Inappropriate participants: n= 9  


No EQ-5D index: n=11; 


No utility data on health states: n=13. 


 


Studies included 


n = 9 


Full papers screened 


n = 64 


Paper could not be obtained 


n = 1 
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breast cancer (three studies). No EQ-5D data were identified for the health states WLE+INTRABEAM or 


WLE+INTRABEAM+EBRT. Of the nine studies, two studies each were based in the UK;
86;87


 the 


USA;
88;89 and Sweden;


90;91
 one study each was based in Canada;


92
 and Germany;


93
 and the remaining 


study was based on an RCT conducted across the UK and USA.
94
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Table 18 Characteristics of included quality of life studies 


Author Turnbull et 


al.
87


 


Freedman et 


al.
88


 


Prescott et 


al.
86


 


Serra et al.
89


 Conner-


Spady et al.
92


 


Robertson et 


al.
90


 


Lidgren et 


al.
91


 


Sherrill et al.
94


 Hildebrandt et 


al.
93


 


Publication 


Year 


2010 2010 2007 2012 2005 2012 2007 2008 2014 


Country UK USA UK USA Canada Sweden Sweden UK and USA Germany 


Study type RCT Single cohort 


study 


RCT and a  


non-


randomised 


cohort 


Single cohort 


study 


Two-year 


longitudinal 


study 


Retrospective 


descriptive 


study  


Cross 


sectional 


observational 


study 


RCT Q-TWiST 


analysis  


Cross-sectional 


survey  


Health state 


relevant to the 


SHTAC model 


Disease-free 


after WLE 


 WLE+EBRT WLE+EBRT WLE+EBRT Mastectomy 


and 


immediate 


reconstruction 


Mastectomy 


and immediate 


reconstruction 


Disease-free 


after local 


recurrence; 


Distant 


metastases 


Distant metastases Distant recurrence/ 


metastases 


Study 


population 


1625 women 


with biopsy-


proven primary 


breast cancer 


1050 women 


with early 


stage breast 


cancer treated 


with breast 


conserving 


surgery and 


radiation with 


or without 


253 women 


with “low risk” 


axillary node 


negative breast 


cancer 


undergoing 


breast 


conserving 


surgery + 


66 women 


undergoing 


radiation 


therapy for 


breast cancer 


52 women 


with stage II 


and III breast 


cancer at high 


risk of relapse 


223 Immediate 


Breast 


Reconstruction 


(IBR) patients 


with implants 


345 women 


with a 


previous 


diagnosis of 


breast cancer   


399 women with 


advanced or 


metastatic HER2 + 


breast cancer who 


had progressive 


disease following 


prior therapy 


including an 


anthracycline,  a 


592 patients with 


breast (n=497), 


cervical, 


endometrium, 


ovarian or other 


gynaecological 


cancer 
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Author Turnbull et 


al.
87


 


Freedman et 


al.
88


 


Prescott et 


al.
86


 


Serra et al.
89


 Conner-


Spady et al.
92


 


Robertson et 


al.
90


 


Lidgren et 


al.
91


 


Sherrill et al.
94


 Hildebrandt et 


al.
93


 


systemic 


therapy 


endocrine 


therapy 


taxane and 


trastuzumab 


Study 


population age 


MRI scan: 


56.38 yrs (SD 


9.67);  


No MRI scan: 


56.59 yrs (SD 


10.09)  


18 – 44 yrs: 


13% 


45 – 64 yrs: 


68% 


>64 yrs: 30%  


Radiotherapy: 


72.3 yrs (SD 


5.0); No 


radiotherapy: 


72.8 yrs (SD 


5.2)  


57 yrs (range: 


28-77) 


44.7 yrs (SD 


8.5) 


Mean age at 


IBR:50 years 


57 years 


(range 28-93)  


<50 yrs: 26% 


50–64 yrs: 


52% 


65 & older: 


22% 


59.07 yrs (range: 


20.12 – 83.33) 


All patients: 


59.07 yrs (range: 


20.12 – 83.33) 


Comparator 


population 


No MRI scan No comparator No 


radiotherapy 


No 


comparator 


No 


comparator 


No comparator No 


comparator 


Capecitabine  No comparator 


Interventions MRI scan Breast 


conserving 


surgery and 


radiation 


Radiotherapy Guided 


imagery (GI) 


(a stress 


reduction 


technique) 


High dose 


chemotherapy 


treatment with 


autologous 


blood stem 


cell 


transplanta-


tion  


Immediate 


Breast 


Reconstruction 


No 


intervention 


Lapatinib 


combined with 


capecitabine 


No intervention 


QoL 


instrument 


used 


EQ-5D EQ-5D  EQ-5D EQ-5D EQ-5D EQ-5D  EQ-5D EQ-5D EQ-5D 
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Author Turnbull et 


al.
87


 


Freedman et 


al.
88


 


Prescott et 


al.
86


 


Serra et al.
89


 Conner-


Spady et al.
92


 


Robertson et 


al.
90


 


Lidgren et 


al.
91


 


Sherrill et al.
94


 Hildebrandt et 


al.
93


 


Time period 


where HRQoL 


instruments 


administered 


Baseline,  8 


weeks post 


randomisation, 


6 and 12 


months post 


initial surgery 


5 years, 10 


years, 15 years 


 


Baseline, 3.5 


months, 9 


months, 15 


months 


Prior to start 


of GI 


treatment; end 


of radiation 


therapy 


Pre induction; 


day 1 third 


cycle of FAC 


chemotherapy


; 3 week post 


HDC; 6 


months; 12 


months; 18 


months; 24 


months 


Median 4 


years post-


operatively 


Administered 


once  


HRQoL data 


specific to the 


different time 


points of the study 


were not reported; 


the study reported 


only average utility 


values 


 


Administered once 


FAC: Fluorouracil, Adriamycin, and cyclophosphamide; HDC: High Dose Chemotherapy 
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Critical appraisal of the included studies 


A summary of the critical appraisal of the included studies is presented in Appendix 10.  


 


The designs of the included studies varied: three were RCTs,
86;87;94


 two were single cohort studies,
88;89


 


one was a  longitudinal study,
92


 one was a retrospective descriptive study,
90


 and two were cross 


sectional studies.
91;93


  


 


All nine included studies defined the study question and explained the treatment strategies. Across the 


studies, the study designs as well as the methods of recruiting participants were clearly outlined. The 


studies were transparent with regard to the information provided for the methodologies applied. One 


study did not include patients <65 years;
86


 another excluded those aged >65 years;
92


 and three studies 


did not state clearly if any individuals relevant to this review were excluded.
89;90;93


 One study
90


 did not 


describe participant characteristics.  With respect to the sample size, only two studies
87;89


 provided an 


appropriate justification for the study sample size. The response rates to EQ-5D were not reported in 


two studies 
86;93;94


 thereby raising questions on the validity of the reported results as a lower response 


rate could possibly result in biased outcomes. Loss to follow-up was not reported by four studies.
88-


90;93
 


 


The included studies were assessed on the basis of their relevance to the NICE reference case. Of the 


nine included studies, only three
86;87;91


  met all of the criteria (see Appendix 9). Five studies did not 


meet one of the criteria, as valuations of HRQoL were not undertaken from the general UK 


population.
88-90;93;94


 The population characteristics in the remaining study did not match those 


described in the decision problem as they included women with a poor prognosis (stage II/III).
92


 


 


Of the included studies, only one study reported utility value for disease-free after WLE.
87


 This study 


was UK based and included patients aged ≥18 years. Three studies reported utility values for the 


WLE+EBRT health state, of which one was based in the UK
86


 and two were US based.
88;89


 Patients in 


the study by Freedman and colleagues
88


 were over 18 years of age, and those in the study by Serra and 


colleagues
89


  ranged between 28 – 77 years. The UK-based study by Prescott and colleagues
86


 


excluded women under 65 years; the mean age of the baseline cohort was 72 years. It was observed 


that the baseline patient characteristics with respect to age differed across the three studies. Freedman 


and colleagues
88


 included women with early-stage breast cancer for their analysis which was similar 


to the population of interest for the independent model. In addition, they reported outcomes at a 


longer follow-up of up to 15 years.  


 


The utility values for the health state of mastectomy and immediate reconstruction were reported by 


two studies.
90;92


 Robertson and colleagues
90


 conducted a retrospective study based on Swedish breast 
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cancer patients who had undergone immediate breast reconstruction with implants. Conner-Spady and 


colleagues,
92


 on the other hand, conducted a longitudinal study in Canadian women with stage II and 


III breast cancer and at high risk of relapse. The study by Robertson and colleagues
90


 had advantages 


over Conner-Spady and colleagues
92


 with respect to larger sample size, recent publication date, and 


longer follow-up period. Further, women aged over 65 years were not included in the Canadian 


study.
92


 


 


Three studies reported utility associated with distant metastases;
91;93;94


 one of which also reported 


utility associated with disease-free after local recurrence.
91


 Sample size ranged from 345
91


 to 497.
93


 In 


two of these studies, median age of population were 57 years
91


 and 59 years;
93


 no information related 


to age was provided in the other study.
94


 Lidgren and colleagues
91


 included women with a previous 


diagnosis of breast cancer, whilst Sherrill and colleagues’
94


 focused on those with advanced or 


metastatic HER2+ breast cancer who had progressive disease. Hildebrandt and colleagues
93


 included 


both male and female patients affected by breast, cervical , endometrium , ovarian, and other 


gynaecological cancer, and reported data separately for each disease. 


 


Results 


The utility values for the potentially relevant health states extracted from the nine included studies are 


tabulated in Table 19. 


 


Disease-free after WLE  


Turnbull and colleagues
87


 reported EQ-5D estimates for women with biopsy-proven primary breast 


cancer who were scheduled for wide local excision. The utility estimates for women randomised to 


receive an MRI scan group were 0.86 at baseline, 0.78 at eight weeks post randomisation, and 0.80 


and 0.81 at six and 12 months post initial surgery, respectively. Those randomised to receive no MRI 


scan had similar utility estimates to those receiving an MRI scan at baseline and 12 months post initial 


surgery, but slightly lower values of 0.77 and 0.79 at eight weeks post randomisation and six months 


post initial surgery, respectively. 


 


WLE+EBRT 


Freedman and colleagues
88


 reported EQ-5D estimates for women in early stage breast cancer treated 


by breast conserving surgery and radiotherapy with or without systemic therapy as 0.89, 0.9 and 0.9 at 


five years, 10 years and 15 years respectively. 


    


Prescott and colleagues
86


 included breast cancer patients who had undergone breast-conserving 


surgery and endocrine therapy to assess the quality of life and cost-effectiveness of omission of 


postoperative radiotherapy in women with “low-risk” axillary node negative breast cancer (T0-2). For 
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the radiotherapy arm, reported EQ-5D estimates varied between 0.77 at baseline to 0.74 at 15 months; 


utility estimates varied between 0.74 at baseline and 0.73 at 15 months for the no-radiotherapy arm. 


This study did not include patients aged below 65 years.  


 


Serra and colleagues
89


 assessed EQ-5D estimates on people undergoing radiotherapy for breast cancer 


to evaluate the impact of guided imagery (a stress reduction technique). The utility values prior to the 


start of radiotherapy plus guided imagery therapy and at the end of radiation therapy were reported as 


0.88 and 0.86 respectively. One of the disadvantages of this study was that it reported very limited 


details on the inclusion/exclusion criteria; hence it was not transparent whether any relevant 


individuals were excluded from the analysis.  


 


Mastectomy and immediate reconstruction 


Conner-Spady and colleagues
92


 evaluated EQ-5D estimates in Canadian patients with stage II/III 


breast cancer who were at high risk of relapse and were receiving high dose chemotherapy treatment 


with autologous blood stem cell transplantation. There was a decrease in HRQoL from pre-induction 


(0.78) to 3-weeks post high-dose chemotherapy (0.61) and return to baseline levels at eight weeks 


post high-dose chemotherapy (HDC) (0.79). The EQ-5D estimate at two years was 0.89. In the short 


term, HRQoL was impacted negatively by treatment but quickly rebounded; no data were available 


for long-term. EQ-5D estimates specific to different types of surgery: modified radical mastectomy, 


total mastectomy and segmental surgery were not reported. Patients aged over 65 years were excluded. 


 


Robertson and colleagues
90


 presented an audit of all Immediate Breast Reconstruction (IBRs) during 


the period 2005-08 performed by breast surgeons and investigated post-operative HRQoL in a 


Swedish setting. The EQ-5D estimate was reported as 0.83. The study did not state clearly if any 


relevant individuals were excluded; therefore generalisability of the results is unclear. 


 


Disease-free after local recurrence; Distant metastases 


In a cross-sectional observational study, Lidgren and colleagues
91


 estimated HRQoL for different 


breast cancer disease states in Swedish women with a previous diagnosis of breast cancer. This study 


reported EQ-5D estimates for two health states: disease-free after local recurrence and distant 


metastases. Patients in the first year after a primary breast cancer had EQ-5D estimate of 0.696; EQ-


5D estimates in the first year after local recurrence and in the second and following years after both 


primary breast cancer and local recurrence were same at 0.779; and patients in metastatic disease had 


an EQ-5D estimate of 0.685. 


 


Sherrill and colleagues
94


 conducted a Quality-adjusted time without symptoms of disease or toxicity 


of treatment (Q-TWiST) analysis in patients with advanced or metastatic HER2 + breast cancer who 
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had progressive disease following prior therapy including an anthracycline, a taxane and trastuzumab. 


The study compared the health states of patients receiving combination therapy of 


lapatinib+capecitabine compared to those receiving capecitabine alone. The EQ-5D estimate 


associated with relapse health state was reported as 0.41 for the lapatinib+capecitabine arm compared 


to 0.44 for capecitabine monotherapy arm. However this trial was stopped early before attaining the 


sample size.  


 


In a cross sectional survey, Hildebrandt and colleagues
93


 investigated health utilities as cardinal values 


of individual’s preferences for specific health-related outcomes in women treated in Germany in the 


fields of gynaecological oncology and mastology to provide local German data. The study found that 


patients with breast cancer who had primary disease had the highest estimates of QoL as measured by 


EQ-5D VAS and these declined if the disease was already advanced. However, this difference was not 


evident from the EQ-5D health index in patients with primary, metastatic, recurrent, or both which 


had a consistent median value at 0.8870. 


 


When comparing the EQ-5D estimates reported across the potentially relevant health states in breast 


cancer patients across the studies included in this review, it is observed that there are variations in 


EQ-5D estimates for similar health states. These differences could be explained by the differences in 


patient characteristics, country settings, nature of the intervention(s) and comparators(s) used in the 


treatment of breast cancer patients across different countries, and length of follow-up. 
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Table 19 EQ-5D values from included studies 


Study (country) Health state EQ-5D estimates 


Turnbull et al.
87


 (UK) 


(COMICE trial) 


Disease-free after WLE      MRI scan  No MRI scan 


Baseline:     0.8667   0.8601 


8 weeks post randomisation:   0.7791    0.7728 


6 months post initial surgery:   0.8040    0.7935 


12 months post initial surgery:  0.8101    0.8112 


Freedman  et al.
88


 


(USA) 


WLE+EBRT 0.89 (95% CI: 0.87 to 0.91) at 5 years,  


0.9 (95% CI: 0.86 to 0.94) at 10 years, and  


0.9 (95% CI: 0.83 to 1.0) at 15 years 


Prescott et al.
86


 


(UK) 


WLE+EBRT                         Radiotherapy          No Radiotherapy 


Baseline:              0.77                          0.74 


3.5 months:          0.78                          0.76 


9 months:             0.76                          0.72 


15 months:           0.74                          0.73 


Serra et al.
89


 (USA) WLE+EBRT 0.88 prior to the start of guided imagery therapy; 0.86 at the end of therapy 


Conner-Spady et al.
92


 


 (Canada) 


Mastectomy and immediate 


reconstruction 


Pre induction: 0.78;  


Day 1 third cycle of  FAC chemotherapy: 0.75;  


3 week post HDC:0.61;   


6 months: 0.79;  


12 months:0.84;  


18 months:0.84;  


24 months: 0.89 


Robertson et al.
90


 


(Sweden) 


Mastectomy and immediate 


reconstruction 


0.83 
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Study (country) Health state EQ-5D estimates 


Lidgren et al.
91


 


(Sweden) 


Disease free after local recurrence; 


Distant metastases 


Patients in their first year after a primary breast cancer: 0.696 (95% CI: 0.634 to 0.747);  


Patients in first year after a recurrence: 0.779 (CI: 0.700 to 0.849);  


Patients in their second and following years after primary breast cancer / recurrence: 0.779 


(CI: 0.745 – 0.811);  


Patients with metastatic disease:  0.685 (CI: 0.620 to 0.735). 


Sherrill et al.
94


 


 (UK and USA) 


Distant metastases                                        Lapatinib + capecitabine               Capecitabine 


Toxicity-grade (3/4):                    0.60                                      0.59 


TWiST:                                        0.66                                       0.60 


Relapse:                                        0.41                                      0.44 


Hildebrandt et al.
93


 


(Germany) 


Distant recurrence/ metastases  


Breast cancer Median 


Overall 0.8870 


Primary disease 0.8870 


Metastatic disease 0.8870 


Recurrent disease 0.8870 


Both 0.8870 


 


 
FAC: Fluorouracil, Adriamycin, and cyclophosphamide; HDC: High Dose Chemotherapy; TWiST: Time without symptoms of disease progression or toxicity. 
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Summary and conclusions of the HRQoL review 


The key findings of this systematic review are summarised below: 


 Nine studies met the inclusion-criteria of the HRQoL systematic review. 


 Two studies study were UK-based; the remaining studies were based in Europe and North 


America. 


 The included studies were diverse with respect to their aims, population of interest, 


geographical locations, interventions, comparators, study designs, and methodologies adopted. 


 The review identified utilities that could be used to inform the independent cost-effectiveness 


model for five of seven potentially relevant health states: disease-free after WLE; 


WLE+EBRT; disease free after local recurrence; mastectomy and immediate reconstruction; 


and distant recurrence.  


 The review did not identify any relevant study to populate the utilities for two potentially 


relevant health states: WLE + INTRABEAM or WLE + INTRABEAM + EBRT. 


 


5.3 Review of evidence submission from Carl Zeiss UK to NICE 


A structured data extraction form was used to guide the review of the Carl Zeiss UK submission to 


NICE (Appendix 5). The MS evaluated the cost-effectiveness of INTRABEAM in early breast cancer 


patients when compared with radiotherapy usually given in the UK over 3-6 weeks as EBRT. The 


total costs, QALYs gained and cost-effectiveness associated with the intervention and comparator 


under consideration in the appraisal were reported in the MS.  The perspective adopted in the 


submission was that of the NHS, capturing direct costs and benefits only. A systematic review of any 


relevant cost-effectiveness models was not conducted. Very limited information on the model was 


presented in the main submission document, and whilst further details were contained within the 


Excel model, these too were limited.  


 


Modelling approach  


A multi-state Markov model, developed in Microsoft Excel, was used in the submission. The model 


used a cohort of breast cancer patients aged 55 years and older, who were disease-free after wide local 


excision. The economic model was based on the results of the pre-pathology stratum of the TARGIT-


A trial
95


 with 2298 patients. This was because results were less favourable in post-pathology stratum 


(4.1.2) and the submission recommended that INTRABEAM be used in pre-pathology patients only 


(MS p. 3-4). 


 


It was not reported whether the model was constructed de novo or adapted from another previously 


existing model. The model consisted of four health states:  
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 Disease-free 


 Local recurrence treated by mastectomy/lumpectomy 


 Non-breast cancer death 


 Breast cancer death 


Patients in the disease-free state could remain in that state or transition to either local recurrence or 


non-breast cancer death. Those in the local recurrence state could remain in that state; or die from 


either non-breast cancer or breast cancer related deaths. The two death states were the absorbing states. 


The analysis was conducted for a time-period of 20 years with an annual cycle length. 


 


Assumptions 


The manufacturer’s model made the following assumptions: 


 After local recurrence INTRABEAM patients would have salvage lumpectomy 


 After local recurrence EBRT patients would have salvage mastectomy. There is also an 


undocumented assumption that all patients undergoing mastectomy have reconstruction; this 


is reflected in the high cost of mastectomy. 


 The death rate in disease free patients was equal to the general population  


 An average of 23 fractions of EBRT per patient was delivered, based on 15-30  fractions in 


the clinical practice  


 All patients were given INTRABEAM concurrent with initial lumpectomy (pre-pathology 


stratum of TARGIT-A trial) 


A few of the model assumptions are not relevant to UK practice. The model assumed that 


INTRABEAM patients would have salvage lumpectomy after local recurrence; however clinical 


experts advised that in the UK most patients would have mastectomy after local recurrence instead. 


Further, the undocumented assumption that all mastectomy patients would have reconstruction is not 


in line with UK practice, as only around 31% of the patients undergoing mastectomy will have 


reconstructions as shown in the independent model discussed in Section 5.5. In addition, the 


assumption of using an average of 23 fractions of EBRT per patient was not appropriate as the current 


standard UK practice is 15 fractions.  


 


Critical appraisal of model 


The manufacturer’s  economic evaluation was appraised for methodological quality and 


generalisability to the UK NHS using a checklist adapted from the NICE reference case requirements 


and the Philips and colleagues
58


 checklist (see Table 20). The evaluation met half of the requirements 


for methodological quality and generalisability; the remaining criteria were either not met or unclear. 


A brief description is presented below. 
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Table 20: Critical appraisal checklist of the manufacturer’s economic evaluation 


(based on Drummond and colleagues
57


 and Philips and colleagues
58


) 


 Item Carl Zeiss
97


 


1 Is there a clear statement of the decision problem? Yes 


2 Is the comparator routinely used in UK NHS? ?
a 


3 Is the patient group in the study similar to those of interest in UK NHS? ?
b 


4 Is the health care system comparable to UK? Yes 


5 Is the setting comparable to the UK? Yes 


6 Is the perspective of the model clearly stated? Yes 


7 Is the study type appropriate? Yes 


8 Is the modelling methodology appropriate? ? 


9 Is the model structure described and does it reflect the disease process? Yes 


10 Are assumptions about model structure listed and justified? No 


11 Are the data inputs for the model described and justified? No 


12 Is the effectiveness of the intervention established based on a systematic review? No
 


13 Are health benefits measured in QALYs?  Yes 


14 Are health benefits measured using a standardised and validated generic instrument? Yes
 


15 Are the resource costs described and justified? No 


16 Have the costs and outcomes been discounted? Yes 


17 Has uncertainty been assessed?   ? 


18 Has the model been validated?  No 


Yes / No / ? (unclear) 


a 
Different number of EBRT fractions used in the model (23 fractions) than standard UK practice (15 fractions).  


 
b
 Baseline characteristics were not provided.   


 


The manufacturer’s evaluation provided a clear statement of the decision problem to be addressed, 


which appeared to follow the scope for the appraisal issued by NICE. Although the comparator 


included EBRT, which is routinely used within the NHS, its appropriateness is questionable as the 


number of EBRT fractions used in the UK practice is 15 compared with 23 fractions used in the 


model. Six out of 33 centres in the TARGIT-A trial were based in the UK and centres were allowed to 


follow local policy for EBRT delivery. The MS reported 23 fractions as the average of the range 


between 15-30 fractions being used in all the countries in the trial, but it was not clear if this was a 


weighted average of fractions used in the trial or a midpoint. The perspective adopted in the model 
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was appropriate. Although the MS reported that the analysis was UK based, limited details were 


provided on the baseline characteristics of the patient population. A Markov modelling methodology 


was used, which seemed appropriate given the clinical nature of breast cancer. However, the AG 


considered that the reported model was a simplified structure with only four health states, and that an 


additional health state for progressed disease would have been appropriate. Another limitation was 


that a lifetime horizon was not adopted. Patients entering the model were aged 55 years (on average) 


and followed for 20 years. This time-span might not reflect the entire follow-up period of the disease. 


Patients transitioned through the health states in annual cycles, which is an appropriate assumption. 


The model structure was presented diagrammatically but no justification of the key assumptions and 


description of the data inputs used was provided. Measures of clinical effectiveness were obtained 


from a single study,
65


 however no other relevant trials were identified by the SHTAC systematic 


review. Benefits for the model were measured in QALYs using standard gamble for measuring utility, 


although the source study was dated 1997.
96


  It was not clear if a systematic review was conducted to 


identify the study. The model extrapolated local recurrence and survival data beyond five years by 


tacitly assuming an exponential fit to time to local recurrence; however a the AG considers that a log-


normal distribution would be the best fit based upon comparison with external data (section 5.5.1).  


All benefits and costs were discounted at 3.5% as outlined in NICE guidance.  Uncertainty was 


assessed through PSA; no one-way or scenario analyses were conducted. Finally, no details around 


model validation were provided.   


 


Estimation of effectiveness  


Data on effectiveness for both the intervention (INTRABEAM) and the comparator (EBRT) were 


derived from a single RCT (TARGIT-A) by Vaidya and colleagues.
65


 5-year cumulative risks reported 


in the source study were converted to annual probabilities and populated in the model. It was not 


reported whether a systematic review was conducted to identify the source study; however no other 


relevant trials were identified by the SHTAC systematic review (section 4.1.1). No adverse events 


were included in the analysis which was considered appropriate by the AG. 


 


Estimation of QALYs 


HRQoL utility values were assigned to patients in the disease free state, those undergoing salvage 


lumpectomy and those undergoing salvage mastectomy. For the disease free state, a utility value of 


0.92 was used; a value of 0.87 was assigned to patients undergoing salvage lumpectomy; and those 


undergoing salvage mastectomy were assigned a value of 0.82. The MS obtained these values from a 


single study by Hayman and colleagues published in 1997.
96


 No details were provided of the method 


of deriving these values or the rationale used. The source study
96


 used a standard gamble approach to 


estimate utility values, which were not obtained from the general population. This is a limitation as it 
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was shown in the systematic review of HRQoL (Section 5.2) that there were several other more recent 


and relevant HRQoL studies that used the EQ-5D measure.  


 


Estimation of costs 


Treatment unit costs were obtained from the following sources: expert opinion, Reference Costs 


2012-2013,
98


 Payments by Results tariff 2013-14, and the study by Wolowacz and colleagues.
99


  As 


with effectiveness and utilities, the methods of deriving the costs were not adequately described. The 


costs associated with travel/parking/accommodation were appropriately not included within the EBRT 


arm (it was stated that these expenses might range from £ 50-100 per patient per fraction delivered).  


 


The validity of the costs estimates is questionable. The cost of INTRABEAM per patient was 


obtained from expert opinion, and whilst the manufacturer provided the cost compositions of 


INTRABEAM, it was not transparent in explaining the assumed cost per patient. In addition, cost of 


EBRT was obtained from an inappropriate HRG code: the code used in the model for EBRT was for 


“Other Radiotherapy treatment”; whereas the AG considers that the HRG code description required 


for the purpose of this analysis is “deliver a fraction of radiotherapy on a megavoltage machine”, 


which includes external beam radiotherapy delivered by linear accelerator, as per the NICE scope.  


The AG considers that HRG codes SC22Z and SC23Z are required for treatment delivery, and SC45Z, 


SC46Z, SC47Z and SC48Z are required for EBRT (see Section 5.4).  Costs were only varied by ±10% 


in PSA. There were also inconsistencies in the sources used to populate the reported costs; for 


instance, the costs of treating post INTRABEAM local recurrence (salvage lumpectomy) and that of 


treating post EBRT local recurrence (salvage mastectomy) were obtained from Payments by Results 


tariff 2013-14, whereas the cost of EBRT was obtained from the Reference Costs 2012-13.   


 


Cost-effectiveness results 


The base-case results from the submission are shown in Table 21 and indicate that INTRABEAM is 


associated with higher QALYs and lower costs.  The submission states that the incremental analysis 


shows dominance of INTRABEAM over EBRT. 


 


Table 21: Base-case results for the Carl Zeiss submission 


  Mean QALYs Mean cost £ ICER vs EBRT(Cost/QALY) 


INTRABEAM 13.230 £14,461 Dominates 


EBRT 13.223 £20,926  


Incremental  0.012 -£6,465  
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One way sensitivity analyses and scenario analyses were not conducted. A PSA was undertaken using 


Monte Carlo simulation with 1,000 iterations. The cost parameters in the model were assigned to beta-


pert distributions, and beta distributions were assigned to utilities. For the cost parameters, the AG 


considers that gamma distribution would have been a more standard choice; it is not usual practice to 


assign beta-pert distributions.  For the PSA, at the £20,000 and £30,000 willingness to pay thresholds, 


INTRABEAM has the highest probability of being cost effective, at 100% for both thresholds. 


 


Critique of the manufacturers’ submission  


 The MS provides very limited information on model structure; baseline characteristics of the 


patient population and setting. 


 Limited information is provided with respect to input parameters such as costs and utilities. 


The MS is not transparent in providing the methodology adopted to inform the input 


parameters. 


 The method to derive costs of INTRABEAM is not clear. 


 No rationale is provided for using the specific distributions assigned to the parameters. 


 The method of extrapolation of local recurrence and survival data is not justified. 


 The number of fractions for the EBRT arm used in the model (23 fractions) is higher than UK 


practice; this will lead to an overestimation of EBRT costs. 


 The manufacturer’s model assesses health benefit in terms of QALYs which is a valid 


measure of health in the UK NHS setting. The source study
96


 used standard gamble from a 


1997 publication to estimate utilities. No details were provided whether a systematic search 


was conducted to identify utilities for the model. 


 Model validation was not conducted; hence the generalisability of model results remains 


questionable. 


 PSA was conducted for only 1000 simulations; no one-way or scenario analyses were 


conducted. Limited sensitivity analyses conducted around the base case model results raise 


questions on the robustness of the model predictions. 


 In summary, results of the MS model should be viewed with caution due to the 


methodological and reporting limitations outlined above. 


 


5.4 Independent economic evaluation 


Overview 


We developed a new model to estimate the costs, benefits and cost-effectiveness of the INTRABEAM 


Photon Radiotherapy System compared to EBRT for early operable breast cancer.   
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The effects of the intervention on the clinical course of the disease are obtained from the TARGIT-A 


trial included in the systematic review of clinical effectiveness (Section 4). The patient population 


included in the economic model reflects the patient population in the pre-pathology stratum of this 


trial.  This is because the TARGIT-A study recommends INTRABEAM concurrent with lumpectomy 


as an alternative to postoperative EBRT
65


 but does not recommend the use of postoperative 


INTRABEAM as an alternative to EBRT (as non-inferiority was not established in this stratum).  Use 


of the pre-pathology stratum furthermore provides consistency with the manufacturer’s economic 


model, which is also based on the results of the pre-pathology stratum.
97


 


 


The analysis takes the perspective of the NHS and PSS in the UK.  The model adopts a lifetime (40 


year) horizon to estimate costs and benefits from each treatment.  Future costs and benefits are 


discounted at 3.5% per annum as recommended by the UK Treasury.
100


  The outcome of the economic 


evaluation is reported as the cost saved per QALY lost. 


 


5.5 Methods for economic analysis 


The model uses transition probabilities obtained from the clinical literature to simulate the progression 


of early operable breast cancer in a cohort of patients and to estimate the cost-effectiveness of the 


radiotherapy treatments under consideration.  The model was constructed using the TreeAge Pro 2014 


software.
101


  The model structure was informed by a review of other published models of early breast 


cancer
78;102-106


 and the evidence available to inform disease progression, which is drawn from the only 


existing RCT, the TARGIT-A trial
65


 (Section 4). 


 


The model structure follows the disease pathway for early-stage breast cancer.  It is slightly modified 


from an economic model structure used in a previous HTA report to NICE
102


 in order to reflect the 


clinical evidence available.  The structure is also similar to the model structure adopted by Alvarado 


and colleagues
78


 in their cost-effectiveness analysis of IORT.  The SHTAC model uses six distinct 


health states: recurrence free; local recurrence; disease free after local recurrence; any other 


recurrence; death from breast cancer; and death from other causes (Figure 5).  The local recurrence, 


disease free after local recurrence and any other recurrence health states were chosen pragmatically in 


order to match the definitions and data supplied by the TARGIT-A trial publication.
65


   


 


Local recurrence is defined in the TARGIT-A trial as recurrence in the conserved breast whilst any 


other recurrence incorporates regional recurrence (axilla plus supraclavicular), contralateral breast 


recurrence, and distant recurrence.
65


  The AG notes that regional recurrence, contralateral recurrence 


and distant recurrence have very different prognoses and costs but they are not modelled separately as 


no data were available to inform possible transitions to or from these health states. 
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Non-death health states are associated with a HRQoL utility and a cost estimate.   


 


Recurrence free 


Local recurrence


Death from other 
causes


Disease free after 
local recurrence


En
te


r 
m


o
d
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Death from breast 
cancer Any other 


recurrence


 


Figure 5: Influence diagram for the SHTAC breast cancer cost-effectiveness model. 


 


All patients start the model in the recurrence free state and may then either: stay in the recurrence free 


state; have a local recurrence and move to the local recurrence state; have another type of recurrence 


and move to the any other recurrence state; or die from non-BC causes.  From the local recurrence 


state a patient may move either to the disease free after local recurrence state; suffer any other 


recurrence; or die from other causes.  A patient in the disease free after local recurrence state may 


remain either in this state, suffer any other recurrence, or die from other causes.  From the any other 


recurrence state it is possible to die from breast cancer, die from other causes; or stay in the state.  The 


local recurrence state is temporary and it is only possible to remain here for one cycle.  


 


Model cycle length is 1 year and a lifetime horizon of 40 years was adopted in the base case which is 


sufficiently long to capture all clinically and economically important events.  A half-cycle correction 


was applied. 
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The baseline disease progression parameters used in the model were obtained from the TARGIT-A 


trial (Section 4).
65


  These inform the annual probabilities of local recurrence; any other recurrence 


while recurrence free; and death from breast cancer.  Data from de Bock and colleagues
107


 were used 


to inform the probability of any other recurrence given local recurrence.  ONS data were used to 


inform the probability of all-cause mortality by age.
108


  Parametric curves were fitted to Kaplan-Meier 


data in order to provide the probabilities of local recurrence in both treatment arms. 


 


The costs included in the model are those for initial radiation treatment and repeat lumpectomy and 


mastectomy and reconstruction, with or without radiation treatment, at local recurrence.  Full details 


of the costs used in the model are given in Section 5.5.1. 


 


The model includes the following assumptions: 


 All patients enter the model in the recurrence free state after initial BCS and radiation therapy 


 It is not possible to die from breast cancer whilst in the local recurrence state or the disease 


free after local recurrence state.  It is only possible to die from breast cancer whilst in the any 


other recurrence state. 


 Only one local recurrence is allowed; repeat local recurrence is not modelled. 


 Death rates for non-breast cancer causes are based on mortality statistics for England and are 


applied across all health states. 


 The survival of patients with recurrence of any sort is assumed to be independent of the time 


of recurrence. 


 


A further simplification is that due to data limitations the costs of post-progression therapies are not 


included in the base case. 


 


In each cycle the total costs and QALYs are calculated by multiplying the individual costs and 


HRQoL of each model state by the proportion of the model cohort in that state, for each of the 


radiotherapy types.  The total discounted lifetime costs and QALYs are calculated by aggregating the 


costs and QALYs for all cycles.  The ICER is calculated as  


 


     
                                   


                                     
     (1) 


 


where by convention therapy A is the current standard of care and therapy B is a new therapy.  The 


associated incremental net monetary benefit (NMB) of a specific treatment versus a comparator may 


be calculated as 
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Incremental NMB = Incremental QALYs * WTP – Incremental costs   (2) 


 


where the incremental QALYs and incremental costs are simply the denominator and numerator 


respectively of equation (1) and WTP stands for Willingness to Pay, the maximum amount a decision-


maker is prepared to pay per QALY gained.
57


  As long as the incremental NMB is more than zero 


then a treatment is cost-effective, and larger NMBs represent greater cost-effectiveness than smaller 


NMBs.   


 


Model validation 


The model was validated by checking the model structure, calculations and data inputs for correctness.  


The structure was reviewed by clinical experts to establish that it was appropriate for the disease and 


its treatment.  Internal consistency was examined by varying input values and verification that any 


change to the input values produced changes in the model outputs of the expected direction and 


magnitude.  A second modeller reproduced the model in Excel and checked that the outputs were the 


same as the TreeAge Pro implementation.  To establish its external consistency the model results were 


compared with published outcomes of survival in early breast cancer. 


 


Evaluation of uncertainty 


The evaluation of the cost-effectiveness of radiotherapy treatment options for early operable breast 


cancer is based on uncertain information which includes uncertainty about the clinical effects of 


treatment, HRQoL whilst in the various health states, and resource use.  Such uncertainty is examined 


using deterministic and probabilistic sensitivity analyses.   


 


One-way deterministic sensitivity analyses were conducted to test the robustness of the cost-


effectiveness results to variations in parameter input values when altered one at a time (Section 5.6).   


 


Joint variation and potential correlation in multiple parameters was addressed using PSA (Section 5.6).  


In the PSA probability distributions were assigned to the parameter point estimates used in the base 


case analysis.  The model was then run for 10,000 iterations with parameter values sampled at random 


from these distributions.  The uncertainty surrounding the cost-effectiveness of the treatments is 


represented on a cost-effectiveness acceptability curve (CEAC) which plots the probability that an 


intervention will be cost-effective at a particular WTP threshold.   


 


Scenario analysis was used to investigate the effect of uncertainty in model assumptions and structure. 
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5.5.1 Data sources 


Recurrence free state: probability of local recurrence 


The baseline risk of local recurrence in the economic model is taken from the pre-pathology subgroup 


of the TARGIT-A trial.
65


  The TARGIT-A trial was the only trial included in the review of clinical 


effectiveness (Section 4) and as such is the main source of evidence of the clinical efficacy of 


INTRABEAM. 


 


Local recurrence probabilities in the pre-pathology substratum for INTRABEAM and EBRT were 


extracted from a Kaplan-Meier plot in the trial publication
65


 using the digitising software PlotDigitizer 


and the method of survival curve reconstruction described in Guyot and colleagues.
109


  Parametric 


survival models were then fitted to the observed data using Stata software
110


 in order to extrapolate 


local recurrence beyond the five years reported.
65


  In line with the recommendation of Latimer
111


 all 


of the ‘standard’ parametric models were considered (exponential, Weibull, Gompertz, loglogistic, 


lognormal).   


 


Akaike information criterion (AIC) values obtained for each distribution are given in Table 22 which 


shows that the lognormal, loglogistic and Weibull distributions provide the best fit to the data based 


upon this criterion.  The Gompertz and exponential distributions fit the data less well.  The lognormal 


and Weibull fits are compared graphically with the five years of trial data in Figure 6.  (The 


loglogistic fit is similar to the lognormal and is not considered further.)  The figure demonstrates that 


the lognormal and Weibull fits are similar over this time period.  Figure 7 shows the behaviour of the 


lognormal and Weibull fits over the model time horizon of 40 years.  It can be seen from Figure 7 that 


local recurrences continue to occur throughout the time horizon with both models, but that the 


proportion with local recurrence after 40 years is much higher under the Weibull model than under the 


lognormal model.  Previous economic evaluations to NICE have assumed that patients who have 


experienced an episode of early-stage breast cancer but are in remission after 15 years will have the 


same risk of progression as the general population.
102


  However clinical advice to the AG is that the 


risk of local recurrence continues throughout life and is relatively linear over time.  Data on local 


recurrence at nine years from the ELIOT trial,
112


 and the study of Kreike and colleagues
113


 which 


follows up BCS+radiotherapy patients for fifteen years, also suggest that risk of local recurrence does 


not decrease over time.  


 


The model adopts the lognormal curve in the base case.  It is both a better fit by the AIC criterion and 


its rate of local recurrence does not accelerate so steeply through time as that of the Weibull model 


(Figure 7).  This behaviour means that median survival is longer under this model and as such it 


provides a better fit to other published data on survival after breast cancer (see section 5.5.1 on model 


validation below).  Coefficients of the fitted lognormal regression model are given in Table 23. 
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Table 22: Values of AIC obtained for parametric survival models fitted to reconstructed local 


recurrence data from TARGIT-A trial.
65


  Lower values of AIC indicate a better fit to the data.   


Model AIC 


Lognormal 213.0 


Loglogistic 214.2 


Weibull 214.2 


Gompertz 217.6 


Exponential 219.2 


 


 


Figure 6: Kaplan-Meier plot of local recurrence in the pre-pathology subgroup of the TARGIT-


A trial
65


 compared with fitted lognormal and Weibull local recurrence curves 
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Figure 7: Kaplan-Meier plot of local recurrence in the pre-pathology subgroup of the TARGIT-


A trial
65


 compared with fitted lognormal and Weibull local recurrence curves over 40 year time 


horizon. 


 


Recurrence free and local recurrence states: probability of any other recurrence 


The baseline risk of any other recurrence whilst in the recurrence free state is taken from the pre-


pathology subgroup of the TARGIT-A trial.
65


  The five-year probability of any other recurrence in the 


EBRT pre-pathology subgroup is given in the trial publication as 4.7%.  The corresponding five-year 


probability for INTRABEAM is 4.8%.
65


  These probabilities are converted to one-year probabilities 


for use in the economic model to inform the transition from the recurrence free health state to the any 


other recurrence health state (Table 23). 


 


The probability of any other recurrence is higher for those who have already experienced a local 


recurrence compared to those who have not but these more detailed data are not available from the 


TARGIT-A trial and would not be robust due to the low numbers in TARGIT-A with local 


recurrence.
65


  A previous HTA submission to NICE
102


 uses the study of Kamby and Sengelov
114


 to 


inform a model transition from loco-regional relapse to metastatic disease.  In this study the 


proportion with distant disease was 72% at 10 years after loco-regional relapse, giving a one-year 


probability of distant disease of 0.1195 (Table 23).  In an analysis of 3,601 women enrolled in 


randomised trials and treated for early-stage breast cancer, de Bock and colleagues
107


 report that of 
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310 women who experience loco-regional recurrence, 129 experienced distant metastases after loco-


regional recurrence, at a median follow-up of 10.2 years.  This broadly equates to a one-year 


probability of distant disease given local recurrence of 0.0514.  This probability is based upon a much 


bigger sample and is more recent than the study of Kamby and Sengelov.
114


  Consequently the 


probability of 0.0514 derived from de Bock and colleagues data
107


 is adopted for use in the economic 


model to inform the transitions from the local recurrence and disease free after local recurrence health 


states to the any other recurrence health state (Table 23). 


 


Probability of breast cancer death 


In common with other economic models of early breast cancer the SHTAC model assumes that all 


breast cancer deaths occur from the ‘any other recurrence’ state, which includes metastatic 


cancer.
102;104;105


  Thus in the model a breast cancer death is conditional upon having had any other 


recurrence beforehand (Figure 5).  The TARGIT-A trial ascribed a death to breast cancer if breast 


cancer was present at the time of death.
65


  Consequently it is possible that a small proportion of the 


breast cancer deaths observed in the TARGIT-A trial occurred whilst a patient was experiencing local 


recurrence, before repeat surgery.  However given the small numbers of likely deaths from the local 


recurrence state, which patients only pass through for one model cycle, this is felt to be an acceptable 


modelling simplification.   


 


The model requires the probability that a patient in the ‘any other recurrence’ state dies from breast 


cancer in a given cycle.  The TARGIT-A trial publication reports both the probability of death from 


breast cancer and the probability of any other recurrence, by treatment arm.
65


  Thus, with the model 


assumption that all breast cancer deaths occur after ‘any other recurrence’, the five-year probability of 


death from breast cancer, given any other recurrence, can be calculated.  For the EBRT pre-pathology 


subgroup this probability is approximately given by 0.0055/0.0096 (=0.5698 with no input data 


rounding), whilst for the INTRABEAM pre-pathology subgroup the corresponding probability is 


approximately 0.0067/0.0098 (=0.6832 with no input data rounding) (Table 23).  Assuming that time 


to death after any other recurrence is exponentially distributed these probabilities correspond to a 


mean survival after any other recurrence of around 21 months for EBRT, and 17.5 months for 


INTRABEAM. 


 


Probability of non-breast cancer death 


The general underlying risk of mortality was modelled using a cohort life table generated from the 


2010-2012 female interim life tables for England.
108


  The age-related mortality for each year in the 


model was determined from these data using the demographic characteristics of breast cancer patients 


in England.  Specifically, in the base case, patients enter the model at an age of 62 years.  This is the 


median age of breast cancer diagnosis in females in England.
115
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Table 23: Summary of baseline disease progression parameters 


Variable Values 


Transition 


probability per 


one year model 


cycle 


Source 


Lognormal model of time to local 


recurrence EBRT 


constant=4.97 


sigma= 0.436 


Varies through 


time 


Model fitted to 


KM data in 


Vaidya 2014
65


 


β coefficient for INTRABEAM in 


lognormal model of time to local 


recurrence  


-0.256 NA 


Model fitted to 


KM data in 


Vaidya 2014
65


 


Probability of any other 


recurrence EBRT while 


recurrence free 


0.047 (5 year) 0.0096 Vaidya 2014
65


 


Probability of any other 


recurrence INTRABEAM while 


recurrence free 


0.048 (5 year) 0.0098 Vaidya 2014
65


 


Probability of any other 


recurrence given local recurrence 
0.416 (10.2 year) 0.0514 de Bock et al


107
 


Probability of breast cancer death 


EBRT 
0.027 (5 year) 0.0055 Vaidya 2014


65
 


Probability of breast cancer death 


INTRABEAM 
0.033 (5 year) 0.0067 Vaidya 2014


65
 


Probability of breast cancer death 


given other recurrence EBRT 
- 0.5698 Calculation 


Probability of breast cancer death 


given other recurrence 


INTRABEAM 


- 0.6832 Calculation 


Probability of non-breast cancer 


death 
Age-dependent 


Varies through 


time 


ONS mortality 


tables
108


 


NA: not applicable; KM: Kaplan-Meier 


 


In the model base case the same probabilities of non-breast cancer death by age are used for both 


treatment arms.  However the TARGIT-A trial publication notes a statistically significant difference 


in non-breast cancer deaths between treatment arms, with fewer deaths in the INTRABEAM arm.
65


  







96 


 


These data are based on a small number of events (12 non-breast cancer deaths on the INTRABEAM 


arm and 27 on the EBRT arm).  The TARGIT-A trial publication shows that the higher number of 


deaths on the EBRT arm is due to cardiovascular causes and other cancers and states that it is 


improbable that there was a substantial imbalance in baseline comorbidities between the two 


randomised groups
65


  The AG notes however that patients on the EBRT arm were slightly older at 


baseline.
64


  A mean age is not supplied but the AG calculates a mean age of 62.5 for the EBRT arm 


and of 62 for the INTRABEAM arm, for all patients.  (Ages at baseline for the pre-pathology stratum 


alone are not supplied.)  The AG has also compared the annual probabilities of death on the EBRT 


arm with annual all-cause mortality probabilities obtained from ONS data
108


 and found that they are 


similar.  The AG does not therefore consider that there is an excess of deaths on the EBRT arm, but 


rather a shortfall of deaths on the INTRABEAM arm which is likely to have arisen due to chance 


and/or the slightly younger mean age of patients on this arm. 


 


The model does not therefore adopt trial-observed non-breast cancer mortality data for use in the base 


case, but they are examined in scenario analysis reported in section 5.6.   


 


Health-related quality of life 


The systematic review of HRQoL identified nine studies which met the inclusion criteria (Table 18).  


Five of the included studies provide EQ-5D values for the ‘recurrence free’ state in the economic 


model (Table 19).  Two of these studies are US-based,
88;89


 one is Swedish,
91


, one is German
93


 and two 


are UK-based.
86


  Breast cancer treatment in other countries can differ from the UK and so a UK-based 


study is preferable.  However one of the UK-based studies
86


 has a mean participant age of 


approximately 72 years.  This is ten years older than the population under consideration here.  


Consequently the other UK study, the COMICE trial of Turnbull and colleagues,
87


 was selected which 


provides EQ-5D for younger patients after wide local excision.
87


  The COMICE trial was a reasonably 


large RCT (1623 participants in two arms) in women with biopsy proven primary breast cancer 


scheduled for WLE, and reports EQ-5D at four time points.  Participants had a mean age at 


randomisation of 57 years.  The time points of ‘eight weeks post randomisation’ and ‘12 months post 


initial surgery’ were chosen from the no intervention arm of the trial for use in the recurrence-free 


state in the model.  These reflect utility in the first year after WLE, and utility thereafter (Table 24). 


 


The Swedish Lidgren study
91


 identified in the systematic review of QoL provides EQ-5D estimates 


for four states of breast cancer and uses the UK EQ-5D index tariff (Table 19).  52% of participants in 


this study were aged 50-64 years and 22% were aged 65 or older and as such it conforms reasonably 


to the population age in the SHTAC model.  The study indicates that utilities in the first year after 


local recurrence, and in the second and following years after both primary breast cancer and local 
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recurrence, are the same.
91


  Accordingly the SHTAC model uses the same utility value from the 


COMICE trial of 0.8112 for these three health states, as shown in Table 24.   


 


The similarity of EQ-5D values across breast cancer health states is also reflected in the recent study 


in the German population by Hildebrandt and colleagues which found the same median EQ-5D scores 


for primary disease, metastatic disease and recurrent disease (Table 19).
93


  A previous HTA report to 


NICE uses utilities valued by either patients or clinical experts using time trade off (TTO).
102


  This set 


of utilities is examined in scenario analysis described in section 5.6.  It is not adopted in the base case 


as the utilities were not valued by the general population and were not obtained via the EQ-5D. 


 


It is assumed that utility whilst in the ‘any other recurrence’ health state is equivalent to utility for 


metastatic disease.  The Lidgren and colleagues study gives a utility of 0.685 for metastatic disease 


(Table 19).
91


  This was adopted in the economic model as no utility for metastatic disease is given in 


the COMICE trial publication.
87


  A utility for metastatic disease is given in Sherrill and colleagues
94


 


but this is based on an international multicentre study with a young participant age (median in pooled 


population approximately 52 years)
116


 and so does not appear to be as relevant to the model.  However 


the EQ-5D value of 0.66 is similar to the value of 0.685 given in Lidgren and colleagues for this 


state
91


 (Table 24). 


 


The systematic review of QoL identified two studies which give EQ-5D values for mastectomy and 


immediate reconstruction.
90;92


  Conner-Spady and colleagues do not report the EQ-5D for mastectomy 


patients specifically.
92


  Robertson and colleagues report an EQ-5D value of 0.83 for mastectomy and 


reconstruction at a median of four years’ follow-up but an immediate post-operative value is not 


reported.
90


  The value of 0.83 is higher than the utility given in the COMICE trial at the twelve month 


time point after WLE.
87


  This may reflect the lower mean age of 50 years
90


 but on the basis of this 


study mastectomy and reconstruction does not appear to be associated with disutility compared to 


WLE utility observed in the COMICE trial.  Consequently a mastectomy disutility is not included in 


the base case but is examined in scenario analysis described in Section 5.6. 


 


In common with the manufacturer’s economic model and the IORT economic evaluation of Alvarado 


and colleagues
78


 the SHTAC model does not reflect any utility benefit associated with initial 


INTRABEAM treatment.  Given that the duration of EBRT in England is three weeks, any utility 


benefit associated with the one-off INTRABEAM delivery is likely to be very small when considered 


within the annual model cycle length.  Any impact of treatment on HRQoL is assumed to occur 


because of its effect on disease progression, and this is already accounted for in the model.   
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A summary of the health state utility values used in the economic model base case is given in Table 


24.   


 


Table 24: EQ-5D utility values by model health state 


Model health state EQ-5D (SE) Source 


Recurrence free in 1
st
 year 0.7728 


(0.0079) 


Turnbull et al
87


 no MRI arm 8 weeks post-


randomisation time point 


Recurrence free after 1
st
 


year 


0.8112 


(0.0072) 


Turnbull et al
87


 no MRI arm 12 months post-initial 


surgery 


Local recurrence 0.8112 


(0.0072) 


Turnbull et al
87


 no MRI arm 12 months post-initial 


surgery 


Disease-free after local 


recurrence 


0.8112 


(0.0072) 


Turnbull et al
87


 no MRI arm 12 months post-initial 


surgery 


Any other recurrence 0.685 


(0.0293) 


Lidgren et al
91


 


 


Resource Use and Costs 


This section considers the resource use and costs associated with the clinical pathway of the modelled 


population. 


 


The proportion of INTRABEAM patients who also receive EBRT is taken from the TARGIT-A trial 


where 15.2% of INTRABEAM patients also received EBRT (Table 25).
65


  The model assumes that 15 


EBRT deliveries are required to complete a course of treatment as recommended in NICE CG80.
11


  


Alternatives to this value are examined in deterministic sensitivity analysis described in Section 5.6.   


 


In contrast to the manufacturer’s model where it is assumed that all INTRABEAM patients will have 


repeat lumpectomy at local recurrence, the SHTAC model assumes that only a minority of 


INTRABEAM patients will have repeat lumpectomy at local recurrence.  Clinical advice to the AG is 


that the most common and evidence-based approach in the UK is to offer mastectomy at local 


recurrence, and that approximately 70-80% of patients opt for mastectomy.  The SHTAC model 


assumes 80% in the base case (Table 25).  All EBRT patients are assumed to have mastectomy at 


local recurrence. 


 


Clinical advice to the AG also indicates that well under 50% of patients who have mastectomy will 


opt for reconstruction.  This is borne out by figures obtained from the National Mastectomy and 
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Breast Reconstruction Audit
117


 which show that only around 31% of those undergoing mastectomy 


choose to have a reconstruction (Table 25). 


 


Table 25: Model parameter values for clinical pathway 


Parameter Units Value Source 


Proportion of INTRABEAM patients 


who also receive EBRT 


proportion 0.152 Vaidya 2014
65


 


Number of EBRT deliveries required to 


complete a course of treatment 


deliveries 15 NICE CG80
11


 


Proportion of INTRABEAM patients 


having mastectomy at local recurrence 


proportion 0.8 Expert opinion 


Proportion of mastectomy patients who 


have reconstruction 


proportion 0.31 National Mastectomy and Breast 


Reconstruction Audit 2011
117


 


 


The working lifetime of an INTRABEAM device is assumed to be 10 years in the base case (Table 


26).  This value is informed by the manufacturer and radiotherapy expert opinion; an alternative value 


of five years is examined in deterministic sensitivity analysis described in Section 5.6.   


 


Use of INTRABEAM requires appropriate shielding from radiation.  The manufacturer observes that 


radiation protection shields are not required in all hospitals in England.
118


  However the proportion of 


hospitals which would not need shields is unclear.  The SHTAC model base case therefore assumes 


that radiation shields are required in all cases (Table 26) and examines alternative values for this 


proportion in deterministic sensitivity analysis. 


 


Table 26: INTRABEAM device lifetime and resource use assumptions in model base case 


Parameter Units Value Source 


Lifetime of INTRABEAM device years 10 Carl Zeiss 


Proportion of INTRABEAM patients requiring radiation shield proportion 1 Assumption 


 


INTRABEAM requires additional staff time both in support of the device and during its use.  Staff 


time is costed in the SHTAC economic model using the NHS staff pay bands of surgical consultant 


and 8b, 7 and 5.  Hourly costs for each of these pay bands are taken from the PSSRU Unit Costs of 


Health and Social Care 2013
119


 and are given in Table 27. 
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Table 27: Staff unit costs per hour assumed by economic model 


Staff Band Unit Cost Per 


Hour(£)  


Source 


Surgical 


consultant 


100 PSSRU 2013 (Table 15.6)
119


 


AfC Band 8b   73 Mean annual basic pay from PSSRU 2013 (Table 17.3); overheads 


added as per other staff unit cost derivations in PSSRU 2013
119


 


AfC Band 7   50 PSSRU 2013 (Table 14.1)
119


 


AfC Band 5   34 PSSRU 2013 (Table 14.3)
119


 


AfC: Agenda for Change 


 


The staff time required in support of INTRABEAM at each pay band is detailed in Table 28 by 


activity.  Radiotherapy and clinical expert opinion was used to identify these activities and estimate 


the staff time required at each band.  Two experts were consulted.  The cost of each activity shown in 


Table 28 is derived using the unit costs given in Table 27.  It is assumed that operating procedure 


development and initial INTRABEAM training are one-off costs which are incurred only once within 


the lifetime of each device, i.e. every ten years in the base case.  Technical commissioning and 


radiation protection refresher training costs are assumed to be required on an annual basis.  Expert 


advice to the AG is that technical commissioning is required annually after annual maintenance by the 


manufacturer.  All other costs are incurred on a per treatment basis (Table 28).  Variation to these 


costs is considered in deterministic sensitivity analysis described in Section 5.6. 
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Table 28: Additional staff resources required for use of INTRABEAM assumed by economic 


model 


Frequency 


of Cost 


Activity Number 


of staff 


Staff Band Time 


required 


Cost 


(£) 


Source 


One-off INTRABEAM 


operating procedure 


development 


1 7 2 days
a
    757 Expert opinion 


One-off Initial INTRABEAM 


training 


4 7 2 days
a
 5,227 Expert opinion 


of time / 


assumption for 


no. of staff & 


band 


2 8b 


Annual Technical 


commissioning 


2 7 3 days
a
 2,271 Expert opinion 


Annual Technical 


commissioning sign 


off 


1 8b 0.5 days
a
    275 Expert opinion 


Annual Refresher training on 


radiation protection 


4 7 1 hour    920 Expert opinion 


of time / 


assumption for 


no. of staff & 


band 


2 8b 


5 5 


4 Surgical 


consultant 
b
 


Per 


treatment 


Pre-treatment QC 


check 


1 7 30 


minutes 


     25 Expert opinion 


Per 


treatment 


Planning 


INTRABEAM dose 


in operating theatre 


2 Surgical 


consultant 
b
 


6 minutes      25 Expert opinion/ 


TARGIT-A 


trial 1 7 


Per 


treatment 


Delivering 


INTRABEAM dose 


in operating theatre 


1 Surgical 


consultant 
b
 


33 


minutes 


83 Expert opinion/ 


TARGIT-A 


trial 1 7 


Per 


treatment 


Additional time 


required by medical 


physicist in support 


of INTRABEAM 


use 


1 7 1.5 hours     76 Expert opinion 


a
 Working day is 7.5 hours, 


b
 Includes anaesthetist 
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The costs of consumables required for INTRABEAM use, and the number of uses which each 


consumable supports, are given in Table 29.  Other costs used in the model are shown in Table 30.  


These include the capital cost of each INTRABEAM device and its associated annual maintenance 


cost, provided by Carl Zeiss UK.  Based on a capital cost of £435,000, a device lifetime of 10 years 


and a discount rate of 3.5% the equivalent annual cost (EAC) of INTRABEAM is £53,025 (Table 30).   


 


INTRABEAM use requires extra time in the operating theatre for both treatment planning and 


delivery.  A cost for 1 hour in theatre at Southampton General Hospital is £569 (Table 30).  This cost 


includes nurse cost but does not include any medical staff or anaesthetist cost.  Additional staff time 


in the operating theatre for INTRABEAM use is costed separately and given in Table 28. 


 


Table 29: Cost of consumables required for use of INTRABEAM 


Description Cost per 


unit (£) 


Number of 


treatments 


Cost per 


treatment (£) 


Source 


Spherical applicator 3,170 100 31.70 Carl Zeiss UK. 


Radiation protection shields 


pack of 10 


1,041 5 208.20 


Sterile plastic drapes pack of 


5 


96 5 19.20 


 


Table 30: Other costs used in model 


Description Cost 


(£) 


Source 


INTRABEAM device capital cost 435,000 Carl Zeiss UK 


Annual maintenance INTRABEAM 


device 


35,000 


INTRABEAM device equivalent 


annual cost (EAC) of capital and 


initial costs 


53,025 Calculation from capital cost and one-off costs 


(Table 28) using device lifetime of 10 years and 


discount rate of 3.5% 


Cost of 1 hour in operating theatre
a
 569 University Hospitals Southampton Finance 


Department January 2014 


a
 includes nurse cost but does not include any medical staff or anaesthetist cost 


 


Costs for mastectomy with and without reconstruction, wide local excision, and planning and delivery 


of EBRT were obtained as weighted averages from NHS Reference Costs 2012-13
98


 and are given in 


Table 31 with associated healthcare resource group (HRG) codes.   
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Table 31: Weighted average unit costs of medical procedures assumed by economic model 


HRG 


codes 


Description Weighted 


Average Unit 


Cost (£)  


Weighted 


Average 


Lower 


Quartile (£) 


Weighted 


Average 


Upper 


Quartile (£) 


Source 


JA27Z 


JA28Z  


Mastectomy with 


reconstruction 


7,822 6,169 9,241 NHS 


Reference 


Costs 2012-


13
98


 


JA24D 


JA24E 


JA24F 


Wide local excision 1,542 1,185 1,804 NHS 


Reference 


Costs 2012-


13
98


 


JA20D 


JA20E 


JA20F 


Mastectomy 2,510 2,041 2,850 NHS 


Reference 


Costs 2012-


13
98


 


SC22Z 


SC23Z 


Deliver a fraction of 


radiotherapy on a 


megavoltage machine 


118.44 101.53 138.82 NHS 


Reference 


Costs 2012-


13
98


 


SC45Z 


SC46Z 


SC47Z 


SC48Z 


Preparation for 


simple radiotherapy 


323.65 198.08 413.75 NHS 


Reference 


Costs 2012-


13
98


 


HRG: healthcare resource group 


 


Only serious adverse events of Common Terminology Criteria (CTC) grades 3 and 4 which occur 


in >5% of patients in any treatment arm are included in the economic model as these are considered to 


be those that incur additional NHS costs.  Adverse events are moreover only included if the adverse 


event incidence differs significantly between treatment arms, in line with the modelling guidelines of 


Philips and colleagues.
58


 The review of clinical effectiveness indicates that although there are two 


statistically significant differences in adverse event incidence between treatment arms (Table 12), 


these occur in less than 3% of patients.  Therefore no costs for adverse events associated with 


INTRABEAM and EBRT are included in the economic model.  This is consistent with the 


manufacturer’s model and the model of Alvarado and colleagues.
78
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In order to avoid potentially confounding assumptions the costs of post-progression therapies are not 


included in the model base case.  These costs are also not included in the manufacturer’s model 


(which has no health state for any other recurrence) but are included in the IORT model of Alvarado 


and colleagues.
78


  The AG notes that in order to accurately capture the costs of the ‘any other 


recurrence’ health state it would be necessary to know the proportions in this state with regional 


recurrence, contralateral breast recurrence, and distant recurrence as these types of recurrence are 


associated with very different costs.  However these proportions are not given in the trial publication 


for the pre-pathology stratum.
65


  The AG notes that INTRABEAM is associated with higher mortality 


from breast cancer than EBRT and that this may be because the proportions with each type of ‘any 


other recurrence’ differed between the treatment arms.  Without information on the proportions with 


each type of recurrence the AG does not consider that it is appropriate to include post-progression 


costs in the base case.  A scenario which does include post-progression costs is given in Section 5.6. 


 


Demand for INTRABEAM 


In the base case the SHTAC model assumes that the INTRABEAM device is deployed in a large 


district hospital with a catchment population of 1,000,000.  With approximately 41,523 incident breast 


cancer cases in England in 2011
1
 and an English population in 2011 of approximately 53.1 million 


(Table 32), the expected number of breast cancer cases per year in a hospital catchment of this size is 


782.  Opinion obtained from two clinical experts differed as to the proportion of these incident cases 


which might be suitable for treatment with INTRABEAM.  One expert estimated 10-20% of cases 


whilst a second expert suggested up to 50%.  A study by Leonardi and colleagues
120


 retrospectively 


applies the ASTRO consensus statement guidelines for the application of accelerated partial breast 


irradiation
121


 to participants in an intraoperative radiotherapy trial and finds that 16% of the patients 


would have been considered suitable using these guidelines.  This figure corresponds with the lower 


estimate provided by the clinical experts and is adopted for use in the economic model base case.  The 


alternative estimate of 50% is examined in deterministic sensitivity analysis described in Section 5.6. 


 


With a hospital catchment of 1,000,000 and 16% of incident cases of breast cancer suitable for 


INTRABEAM, 126 INTRABEAM procedures might be carried out per year.  This is shown in Table 


33. 


 


Table 33 also shows how variations to the base case assumptions of hospital catchment size and 


INTRABEAM device lifetime affect the cost per INTRABEAM procedure.  With a device lifetime of 


10 years and a hospital catchment population of one million, the cost per INTRABEAM procedure is 


£1,882.  At 100 procedures per year, as assumed in the manufacturer’s economic model, the cost per 
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procedure is £2,069 (Table 33).  This is similar to the cost used in the manufacturer’s economic model 


of £2,165 per procedure.  


 


With a five year equipment lifetime the cost per INTRABEAM procedure rises to £2,236 with base 


case assumptions (Table 33).  A five year device lifetime is examined in deterministic sensitivity 


analysis described in Section 5.6. 


 


Table 32: Base case assumptions for INTRABEAM demand 


Parameter Units Value Source 


Population served by 1 INTRABEAM device people 1,000,000 Assumption 


Incident breast cancer cases in England 2011 people 41,523 
1
 


Population of England 2011 people 53,107,200 ONS
122


 


Proportion of incident breast cancer cases which are early 


breast cancer and suitable for INTRABEAM 


proportion 0.16 Leonardi et al 


120
  


 


Table 33: Cost of INTRABEAM use per patient by population served and assumed device 


lifetime (from SHTAC economic model) 


Population served 


by 1 device 


Calculated number of 


INTRABEAM procedures per 


year 


Calculated cost of INTRABEAM 


procedure by lifetime of device (£) 


10 year lifetime 5 year lifetime 


  795,000 100 2,069 2,514 


1,000,000 126 1,882 2,236 


5,000,000 631 1,302 1,373 


 


Model Validation 


The overall survival (OS) predictions from the model base case are compared with the trial-observed 


Kaplan-Meier data for the pre-pathology subgroup in Figure 8.  The model OS predictions in Figure 8 


were obtained using TARGIT-A trial data to model non breast cancer death for the first five model 


cycles and provide a good fit to the observed data.  Data from the TARGIT-A trial show that OS in 


the INTRABEAM treatment arm is somewhat better than OS in the EBRT arm at five years and this 


is reflected in the model predictions (Figure 8).  The model thus appears to be performing 


satisfactorily in this respect. 
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Figure 8: Kaplan-Meier plot of overall survival in the pre-pathology subgroup of the TARGIT-


A trial
65


 compared with overall survival predicted by the SHTAC economic model using 


TARGIT-A trial data to model non breast cancer death for first five cycles. 


 


The model base case does not use trial-observed data for non-breast cancer death, for reasons given in 


Section 5.5.1.  Figure 9 gives the model predictions for OS in each of the treatment arms in the pre-


pathology subgroup when only ONS mortality data are used to model non-breast cancer death.  Figure 


9 shows that when using these data predicted OS in the INTRABEAM treatment arm is worse than 


observed in the trial, although the OS prediction for the EBRT arm is still a good fit.  This is to be 


expected because ONS age-specific all-cause mortality rates are higher than the non-breast cancer 


mortality rates seen on the INTRABEAM arm in the TARGIT-A trial.  The model predictions change 


in reflection of these differences (compare Figure 8 and Figure 9) and so again the model appears to 


be working satisfactorily. 
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Figure 9: Kaplan-Meier plot of overall survival in the pre-pathology subgroup of the TARGIT-


A trial
65


 compared with overall survival predicted by the SHTAC economic model using ONS 


mortality data to model non breast cancer death in all cycles. 


 


It may be seen from Figure 8 and Figure 9 that median overall survival predicted by the model base 


case for early operable breast cancer patients is approximately 21.5 years, and that overall survival is 


approximately 56% at 20 years .  Relative survival at 20 years is 82% and at 25 years is 77%.  


Relative survival compares the survival of people with the cancer to that of people without cancer in 


order to help correct for deaths from things other than breast cancer.  Exact comparison with other 


data sources is difficult, however the SEER database of the US National Cancer Institute has 20-year 


relative survival of 64.7% in breast cancer patients aged 50+ diagnosed between 1985 and 1989.
123


  


Figures from Cancer Research UK for England and Wales indicate that relative survival from breast 


cancer at twenty years is 64.5%.
124


  Thus the relative survival of 82% at 20 years given by the model 


is somewhat higher than these estimates but this is to be expected as treatment has improved in the 25 


or so years since the patients on whom these estimates are based were diagnosed.   


 


Relative survival compares the survival of people with the cancer to that of people without cancer in 


order to help correct for deaths from things other than breast cancer.  Thus it is reasonable that the 


overall survival of 56% in the model is lower than these published estimates of relative survival 


because it does reflect deaths from other causes. 
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5.6 Results of independent economic analysis 


This section reports the cost effectiveness of INTRABEAM compared to EBRT in a cohort of early 


operable breast cancer patients.  Base case discounted cost-effectiveness summary results are given in 


Table 34 and are broken down by health state in Table 36.  Results with no discounting of costs and 


outcomes are given in Table 35.  INTRABEAM is less expensive but also less effective than EBRT as 


it has lower total costs but also fewer total QALYs.  The ICERs given in Table 34 and Table 35 


therefore represent the money saved per QALY lost that is associated with replacing EBRT by 


INTRABEAM. 


 


In situations where a new intervention (INTRABEAM) is both less costly and less effective than the 


current standard of care (EBRT), the ICER for INTRABEAM to replace EBRT must lie above the 


usual NICE cost-effectiveness thresholds of £20,000 and £30,000 per QALY if INTRABEAM is to be 


considered a cost-effective alternative to EBRT.  However the ICER value of £1,596 saved per QALY 


lost shown in Table 34 indicates that EBRT is the cost-effective treatment option within the WTP 


threshold of £20,000 per QALY.  Over the 40 year time horizon of the model it is associated with 


more QALYs at broadly similar overall cost.  EBRT is also cost-effective in the undiscounted analysis 


where incremental QALYs are nearly twice those seen in the discounted results and the ICER 


(£ saved/QALY lost) is smaller (Table 35). 


 


Table 34: Base-case discounted cost-effectiveness results.   


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     2,368 20.72 11.329 - - - 


INTRABEAM     2,227 20.51 11.241 -140 -0.088 1,596* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 


 


Table 35: Base-case undiscounted cost-effectiveness results.   


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     2,522 20.72 16.743 - - - 


INTRABEAM     2,346 20.51 16.576 -177 -0.167 1,062* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 
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Table 36.  Base case discounted total costs and QALYs by health state. 


 
EBRT INTRABEAM 


Health state 
Total costs 


(£) 


Total 


QALYs (£) 


Total costs 


(£) 


Total 


QALYs (£) 


Recurrence free 2,100 10.760 1,882 10.551 


Local recurrence 268 0.052 345 0.069 


Disease free after local 


recurrence 
0 0.348 0 0.469 


Any other recurrence 0 0.169 0 0.152 


Dead background mortality 0 0 0 0 


Dead breast cancer 0 0 0 0 


Total 2,368 11.329 2,227 11.241 


 


Sensitivity analysis 


Deterministic and probabilistic sensitivity analyses were conducted in order to investigate the effect of 


uncertainty in model parameter values on the cost-effectiveness results.  Deterministic sensitivity 


analysis was used to highlight the most influential parameters whilst the effect of uncertainty and 


interaction in multiple parameters was examined using PSA.  Scenario analysis was used to 


investigate the effect of uncertainty in model assumptions and structure. 


 


Each parameter was assumed to follow a probability distribution and these are given, with the 


distribution parameters, in Table 37.  For beta distributions the distribution parameters were fitted 


using either the method of moments or information on the sample size and number of events when 


available.  Distribution parameters were fitted to the gamma distributions using the method of 


moments.  In cases where a standard error or standard deviation was not supplied in the source 


literature the standard error was calculated using an arbitrary ±20% from the base case value.  


Correlation between the parameters of the lognormal distribution used to inform time to local 


recurrence was incorporated by sampling from a multivariate normal distribution with covariance 


matrix as specified in Table 37.   


 


The model parameters were varied in deterministic sensitivity analysis between the 2.5
th
 and 97.5


th
 


percentiles of the assumed parameter distribution of the mean value and these are given in Table 37.  


Table 38 gives upper and lower bounds for parameters examined in deterministic sensitivity analysis 


where these are different from the upper and lower bounds examined in probabilistic sensitivity 


analysis..
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Table 37: Parameters, distributions and associated upper and lower values used in probabilistic and deterministic sensitivity analysis 


Parameter Distribution 
Distribution 


parameters 


Mean / 


base-case 


2.5
th


 percentile 


for mean 


97.5
th


 percentile 


for mean 


Costs 


INTRABEAM commissioning* GAMMA α = 96.04;  = 26.51 £2,546 £2,062 £3,080 


One EBRT delivery GAMMA α = 18.36;  = 6.45 £118 £71 £178 


EBRT planning GAMMA α = 4.10;  = 78.97 £324 £90 £704 


INTRABEAM setup costs* GAMMA α = 96.04;  = 62.31 £5,984 £4,847 £7,239 


Mastectomy and reconstruction GAMMA α = 99.63;  = 78.51 £7,822 £6,362 £9,431 


Mastectomy GAMMA α = 147.71;  = 16.99 £2,510 £2,122 £2,931 


One hour in operating theatre* GAMMA α = 96.04;  = 5.92 £569 £461 £688 


Pre-treatment QC INTRABEAM* GAMMA α = 96.04;  = 0.26 £25 £20 £31 


Staff time per hour in theatre during INTRABEAM delivery* GAMMA α = 96.04;  = 1.57 £150 £122 £182 


Staff time per hour in theatre during INTRABEAM planning* GAMMA α = 96.04;  = 2.61 £250 £203 £303 


Annual staff training in radiation protection* GAMMA α = 96.04;  = 9.58 £920 £745 £1,113 


Staff time in support of INTRABEAM delivery* GAMMA α = 96.04;  = 0.79 £76 £61 £92 


Repeat lumpectomy GAMMA α = 95.55;  = 16.13 £1,542 £1,248 £1,866 


Survival curve parameters 


Time to local recurrence MULTIVARIATE NORMAL
a
 


 (treatment arm) Covariance matrix 


     
           
                


 


-0.256 -0.815 0.307 


constant 4.97 3.553 6.383 


sigma 0.436 0.072 0.797 
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Probabilities 


Other recurrence INTRABEAM from recurrence free (5 year) BETA α = 19.1;  = 378 0.048 0.029 0.071 


Other recurrence EBRT from recurrence free (5 year) BETA α = 16.7;  = 337.9 0.047 0.028 0.071 


Other recurrence after local recurrence (10.2 year) BETA α = 129;  = 181 0.416 0.362 0.471 


INTRABEAM patient receives EBRT BETA α = 239;  = 1332 0.152 0.135 0.170 


Mastectomy patient has reconstruction BETA α = 5120;  = 11365 0.311 0.304 0.318 


INTRABEAM patient has mastectomy at local recurrence* BETA α = 18.4;  = 4.6 0.800 0.618 0.933 


INTRABEAM patient dies from breast cancer (5 year) BETA α = 10.6;  = 310.8 0.033 0.016 0.055 


EBRT patient dies from breast cancer (5 year) BETA α = 11.3;  = 407.8 0.027 0.014 0.045 


Incident breast cancer patients suitable for INTRABEAM* BETA α = 294;  = 1528 0.161 0.145 0.179 


Resource Use 


INTRABEAM delivery time* NORMAL Mean = 33; SE = 3.37 33 26.40 39.60 


INTRABEAM planning time* NORMAL Mean = 6; SE = 0.61 6 4.80 7.20 


Utilities 


Recurrence free after the first year BETA α = 2400;  = 558.5 0.811 0.8 0.83 


Recurrence free in the first year BETA α = 2161;  = 635.3 0.773 0.76 0.79 


Other recurrence BETA α = 171;  = 78.7 0.685 0.63 0.74 


Other 


Catchment population served by one INTRABEAM device* NORMAL Mean = 1,000,000; 


SE = 102,041 


1,000,000 800,004 1,199,996  


*
 Distribution calculated after arbitrary ±20% variation applied to mean to obtain standard error; 


a
 On log scale 
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Table 38: Lower and upper parameter values examined in deterministic sensitivity analysis 


(where different from 2.5
th


 and 97.5
th


 percentiles given in Table 37) 


Parameter 
Base 


case 


Lower 


value 


Upper 


value 


Proportion of incident breast cancer patients suitable for 


INTRABEAM 


0.16 0.1 0.5 


Fractions of EBRT required to complete a course of 


treatment 


15 5 23 


Lifetime of INTRABEAM device 10 5 10 


Proportion of INTRABEAM patients requiring radiation 


shield 


1 0.25 1 


Age of cohort entering model 62 55 72 


Discount rate for costs 0.035 0 0.06 


Discount rate for health 0.035 0 0.06 


 


Deterministic sensitivity analysis 


Table 39 shows the results of the deterministic sensitivity analyses for INTRABEAM compared to 


EBRT for the most influential parameters.  A tornado diagram depicting the range in incremental 


NMB given in this table is given in Figure 10.  A complete set of deterministic sensitivity analysis 


results is given in Appendix 11. 


 


Incremental NMB rather than ICER is used in Table 39 and Figure 10 as the ICER for INTRABEAM 


compared to EBRT is sometimes negative (Figure 11) and incremental NMB has a more 


straightforward interpretation.  A WTP of £20,000 and equation (2) were used to calculate the 


incremental NMB.   


 


Table 39 and Figure 10 compare INTRABEAM incrementally to EBRT in order to be consistent with 


the base case (Table 34).  Thus a negative incremental NMB indicates that INTRABEAM is not cost-


effective compared to EBRT (or conversely that EBRT is cost-effective compared to INTRABEAM).  


A positive incremental NMB indicates that INTRABEAM is cost-effective compared to EBRT (or 


conversely that EBRT is not cost-effective compared to INTRABEAM). 


 


The results show that the incremental NMB is, above all, very sensitive to the probability of any other 


recurrence which is assumed for both EBRT and INTRABEAM as there is a very wide difference in 


the incremental NMB between the low and high values of these parameters.  The differences lead to a 
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switch in which treatment is considered cost-effective at a WTP threshold of £20,000 per QALY.  At 


a low probability of any other recurrence on the INTRABEAM arm INTRABEAM is cost-effective 


compared to EBRT at a WTP of £20,000 (shown by positive incremental NMB in Table 39).  At high 


probability of any other recurrence on the INTRABEAM arm EBRT is a cost-effective treatment 


option at the £20,000 per QALY WTP threshold (shown by negative incremental NMB in Table 39).  


With low probability of any other recurrence on the EBRT arm EBRT is a cost-effective treatment 


option compared to INTRABEAM at the £20,000 per QALY WTP threshold, but this is reversed with 


high probability of any other recurrence on the EBRT arm, i.e. INTRABEAM becomes cost-effective 


at the £20,000 per QALY WTP threshold (Table 39). 


 


The model is also somewhat sensitive to the probability of death from breast cancer on the 


INTRABEAM arm, and again this difference leads to a switch in which treatment is considered cost-


effective at a WTP threshold of £20,000 per QALY.  At low values for probability of death from 


breast cancer on the INTRABEAM arm INTRABEAM is cost-effective at a WTP of £20,000 per 


QALY, but it is not cost-effective compared to EBRT at high values for probability of death from 


breast cancer on the INTRABEAM arm (Table 39). 


 


Change in which treatment is considered cost-effective at a WTP threshold of £20,000 per QALY also 


occurs between the low and high parameter values considered for the beta coefficient for the 


INTRABEAM arm in the lognormal model of time to local recurrence (Table 39).  At low values of 


this coefficient EBRT is cost-effective compared to INTRABEAM, but at the highest values 


considered INTRABEAM becomes slightly more cost-effective than EBRT. 


 


In summary the results of the DSA indicate that there is a degree of uncertainty surrounding the base 


case results.  In the case of four parameters the difference between upper and lower values results in a 


switch in the treatment option which is considered cost-effective at a WTP of £20,000 per QALY. 
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Table 39: Key deterministic sensitivity analysis results for INTRABEAM vs EBRT.  WTP set to 


£20,000 per QALY. 


Variable description 
Low 


value 


High 


value 


Low value 


incremental 


NMB (£) 


High value 


incremental 


NMB (£) 


Range 


(£) 


Five-year probability of any other 


recurrence INTRABEAM 
0.029 0.071 5,781 -9171 14,952 


Five-year probability of any other 


recurrence EBRT 
0.028 0.071 -8,760 5,977 14,737 


Beta coefficient for INTRABEAM 


arm time to local recurrence 
-0.815 0.307 -4,512 118 4,630 


Five-year probability of death from 


breast cancer EBRT 
0.014 0.045 -4,150 -346 3,804 


Five-year probability of death from 


breast cancer INTRABEAM 
0.016 0.055 1,051 -2,518 3,569 


Constant - time to local recurrence 3.553 6.383 -3,367 -836 2,531 


Discount rate for utilities 0 0.06 -3,192 -1,042 2,150 


Number of EBRT deliveries required 


in course of treatment 
5 23 -2,604 -832 1,772 


Starting age of model cohort 55 72 -2,273 -757 1,516 


Cost of delivering one fraction 


EBRT 
71 178 -2,211 -877 1,334 


Proportion of incident cases which 


are suitable for INTRABEAM 
0.1 0.5 -2,064 -1,128 936 


Sigma - time to local recurrence 0.072 0.797 -1,110 -2,018 908 
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Figure 10: Tornado diagram showing key results of deterministic sensitivity analysis for 


INTRABEAM vs. EBRT.  Bars indicate spread in incremental net monetary benefit between 


upper and lower parameter bounds (£s).  WTP set to £20,000 per QALY. 


 


Probabilistic sensitivity analysis 


Ten thousand PSA simulations were run.  The mean results for these simulations are presented in 


Table 40 and are similar to results for the base case given in Table 34.  The scatter plot for cost and 


health outcomes is shown in Figure 11 and, similar to the DSA findings, indicates considerable 
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uncertainty in the results.  There are many points in the north west quadrant of Figure 11 which 


demonstrate that in a large number of the PSA simulations INTRABEAM is less effective than EBRT, 


as well as being more costly.  Conversely in many of the PSA simulations EBRT is more effective 


and cheaper than INTRABEAM, shown by the large number of points in the south east quadrant of 


Figure 11. 


 


The cost-effectiveness acceptability curve (CEAC) calculated from the PSA simulations is given in 


Figure 12 and indicates that at the £20,000 WTP threshold EBRT has the highest probability (61.3%) 


of being cost-effective.  EBRT also has the highest probability of being cost-effective (61.4%) at a 


WTP of £30,000 per QALY.  INTRABEAM has a higher probability of being cost-effective than 


EBRT at WTP thresholds of around £5,000 per QALY or less (Figure 12). 


 


Table 40: Baseline PSA cost-effectiveness results 


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     2,398 20.73 11.327 - - - 


INTRABEAM     2,272 20.52 11.240 -126 -0.087 1,447* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 


 


 


Figure 11: Scatter plot of the costs and health benefits from PSA, INTRABEAM vs EBRT 


 


North west quadrant 


South east quadrant 


North east quadrant 


South west quadrant 
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Figure 12: Cost effectiveness acceptability curve from the PSA 


 


Scenario analysis 


In addition to the sensitivity analyses five scenarios were examined to investigate the uncertainty 


surrounding the structural assumptions made by the model. 


 


Trial-observed non-breast cancer mortality data 


The model base case uses ONS all-cause mortality tables to give the probability of non-breast cancer 


death.  As an alternative to using ONS data in all model cycles the use of non-breast cancer mortality 


data from the TARGIT-A trial was examined.  A Weibull fit to TARGIT-A Kaplan-Meier data
65


 was 


used to obtain trial-observed non-breast cancer mortality probabilities for the first five model cycles.  


ONS mortality data were used thereafter.  INTRABEAM dominates EBRT in this scenario as it is 


associated with lower total costs and greater total QALYs (Table 41).  
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Table 41: Cost-effectiveness results using trial-observed non-breast cancer mortality data for 


first five model cycles 


Intervention 
Total costs 


(£) 


Total 


LYG 


Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£/QALY) 


EBRT     2,366 20.58 11.259 - - - 


INTRABEAM     2,234 20.83 11.425 -132 0.166 Dominating 


 


Population served by one device 


The manufacturer’s model assumes that 100 patients are treated with INTRABEAM each year in a 


district general hospital.
125


  To replicate this assumption in the SHTAC model requires a 


corresponding assumption about the typical catchment population of a hospital offering 


INTRABEAM.  In the base case the SHTAC model assumes that the catchment population is one 


million which implies 126 INTRABEAM procedures a year (Table 33).  A catchment population of 


795,000 is required to give 100 INTRABEAM procedures a year.  Results using this catchment 


population are given in Table 42.  The table shows that INTRABEAM is now dominated by EBRT as 


it is associated with slightly higher total cost, but fewer QALYs. 


 


Table 42: Cost-effectiveness results using a population served by one INTRABEAM device of 


795,000 


Intervention 
Total costs 


(£) 


Total 


LYG 


Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£/QALY) 


EBRT     2,368 20.72 11.329 - - - 


INTRABEAM     2,414 20.51 11.241 47 -0.088 Dominated 


 


Mastectomy disutility 


The manufacturer’s model uses a utility of 0.87 for lumpectomy at local recurrence, and a utility of 


0.82 for mastectomy.  These figures imply a disutility for mastectomy of 0.05.  The AG considers that 


it is unclear from the literature if mastectomy is associated with significant disutility to HRQoL as 


measured with EQ-5D.
126;127


  A scenario analysis was conducted to examine the effect of a 


mastectomy disutility of 0.05 on model outcomes.  In the SHTAC model it is assumed that this 


disutility is a weighted average of the disutilities associated with mastectomy and mastectomy and 


reconstruction. 


 


Results are given in Table 43 and Table 44.  Table 43 shows results obtained when it is assumed that 


the mastectomy utility decrement applies to both the local recurrence and disease free after local 


recurrence health states; Table 44 shows results obtained when it is assumed that the mastectomy 
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utility decrement applies to the local recurrence health state only.  Applying the utility decrement to 


both the local recurrence and disease free after local recurrence health states has more impact on final 


ICER than applying the decrement to the local recurrence state alone, but in neither case does the 


utility decrement make an appreciable difference to model outcome.  The ICER decreases by less than 


£50 per QALY compared to the base case (Table 34). 


 


The decrease in ICER compared to the base case indicates that EBRT becomes more cost-effective 


compared to INTRABEAM in this scenario.  Although in the base case a smaller proportion of 


INTRABEAM patients have mastectomy at local recurrence (80% compared to 100% for EBRT), 


more INTRABEAM patients experience a local recurrence.  The net effect is that the total 


mastectomy utility decrement is greater on the INTRABEAM arm, and consequently the incremental 


QALYs associated with EBRT are slightly higher than in the base case. 


 


Table 43: Cost-effectiveness results using utility decrement of 0.05 for mastectomy (applied to 


local recurrence and disease free after local recurrence health states) 


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     2,368 20.72 11.304 - - - 


INTRABEAM     2,227 20.51 11.214 -140 -0.090 1,563* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 


 
Table 44: Cost-effectiveness results using utility decrement of 0.05 for mastectomy (applied to 


local recurrence health state only) 


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     2,368 20.72 11.326 - - - 


INTRABEAM     2,227 20.51 11.238 -47 -0.088 1,592* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 


 
Alternative set of health state utilities 


The health state utilities used in the model base case are the same in the local recurrence health state 


and the recurrence free health state after the first year (Table 24).  Although these utilities are based 


on the studies of Lidgren and colleagues
91


 and Turnbull and colleagues
87


 it is arguably not appropriate 


that these two health states should have the same utility.  Their identical values may arise because 
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EQ-5D is not a particularly sensitive instrument to use when examining QoL in early breast cancer 


patients, as found for example by Hildebrandt and colleagues.
93


  An alternative set of health state 


utility values used in a previous HTA report to NICE was examined.
102


  These were valued by either 


patients or clinical experts using the time trade off (TTO) and are given in Table 45. 


 


Table 45: Alternative health state utility values examined in scenario analysis 


Health state Utility value Source 


Recurrence free 0.78 


Hind and colleagues
102


 


Local recurrence 0.61 


Disease free after local 


recurrence 
0.71 


Any other recurrence 0.42 


 


Results for the scenario are given in Table 46.  These show that although total QALYs decline in both 


treatment arms with use of the alternative utility set, the incremental QALYs do not change 


appreciably from the base case.  Thus the overall ICER is very similar to the base case: £1,517 saved 


per QALY lost, compared to £1,596 in the base case (Table 34). 


 


Table 46: Cost-effectiveness results using alternative set of health state utilities from Hind and 


colleagues
102


 


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     2,368 20.72 10.812 - - - 


INTRABEAM     2,227 20.51 10.719 -140 -0.093 1,517* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 


 


Costs post-progression 


The base case does not include costs of treatment post any other recurrence because of lack of 


information on the types of recurrence within this category.  The trial publication reports the 


proportions with regional recurrence (1.1% INTRABEAM vs 0.9% EBRT) and distant recurrence (3.9% 


INTRABEAM vs 3.2% EBRT) for all patients, but does not give these data for the pre-pathology 


stratum.
65


  However the costs for treating these types of recurrence are quite different.
102


  Using costs 


given in the HTA report of Hind and colleagues,
102


 inflated to 2013 using the Hospital and 


Community Health Services prices index,
119


 the AG calculated the annual cost of metastatic disease 


(active treatment and supportive care) as £12,122, and the cost of end of life care for a breast cancer 
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patient as £3,669.  In contrast the costs of contralateral disease are more similar to those incurred at 


local recurrence.
102


 


 


For illustrative purposes the AG has considered a scenario in which 60% of recurrences in the ‘any 


other recurrence’ health state are assumed to be distant recurrences, and where mortality following 


any other recurrence is the same in both treatment arms [using the probability for EBRT in the base 


case (Table 23)].  This latter assumption is necessary because trial data show that mortality following 


any other recurrence is higher for INTRABEAM, and consequently including costs for this state 


without such adjustment would simply result in additional incremental cost for EBRT (as EBRT 


patients live longer in this state).  A figure of 60% with distant recurrence was estimated based on 


data given in the TARGIT-A publication for all patients, and data in the literature.
102


  The costs for 


distant recurrence are the major costs in the any other recurrence health state and as a simplification 


costs for the types of recurrence in this category were not considered.  Using the costs given above for 


distant recurrence and end of life care the results shown in Table 47 were obtained.  Health state costs 


for this scenario are given in Table 48. 


 


Table 47.  Illustrative cost-effectiveness results using post-progression costs 


Intervention 
Total costs 


(£) 


Total 


LYG 
Total 


QALYs 


Incremental 


Cost (£) 


Incremental 


QALYs 


ICER 


(£ saved / 


QALY lost) 


EBRT     4,652 20.72 11.329 - - - 


INTRABEAM     4,662 20.51 11.268 -10 -0.061 157* 


* INTRABEAM is both cheaper and less effective than EBRT therefore the ICER represents the £ saved per 


QALY lost associated with replacing EBRT with INTRABEAM 


 


Table 48.  Costs by health state including post-progression costs 


Health state EBRT total 


costs (£) 


INTRABEAM 


total costs (£) 


Recurrence free 2,100  1,882  


Local recurrence 268  345  


Disease free after local 


recurrence 
0  0  


Any other recurrence 1,795  1,897  


Dead background mortality 0  0  


Dead breast cancer 499  527  
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Table 47 shows that the base case conclusion does not change when post-progression costs for distant 


disease and end of life care are considered, i.e. INTRABEAM is not cost-effective compared to EBRT 


at a WTP threshold of £20,000 per QALY.  However the cost saving associated with replacing EBRT 


with INTRABEAM is much smaller as the ICER is reduced from £1,596 saved per QALY lost in the 


base case, to £157 saved per QALY lost in the scenario.  INTRABEAM is only £10 less expensive 


than EBRT per patient over the 40 year time horizon considered in the model.   


5.7 Discussion  


INTRABEAM is less expensive but also less effective than EBRT as it is associated with lower total 


costs but fewer total QALYs.  The base case ICER for replacing EBRT with INTRABEAM is £1,596 


saved per QALY lost.  INTRABEAM is therefore not cost-effective compared to EBRT at the WTP 


threshold of £20,000 per QALY as the cost saved per QALY lost is less than £20,000.   


 


The CEAC calculated from PSA indicates that at the £20,000 WTP threshold EBRT has a greater 


probability than INTRABEAM of being cost-effective, at 61.3%.  EBRT also has the highest 


probability of being cost-effective (61.4%) at a WTP of £30,000 per QALY.   


 


The base case result is subject to a degree of uncertainty as the disease progression parameters 


included in the model are largely drawn from the TARGIT-A trial
65


  As discussed elsewhere this trial 


has relatively short follow-up.  The numbers experiencing local recurrence in the pre-pathology 


stratum which is used to inform the economic model are also quite small.  Results of DSA show that 


the base case finding that INTRABEAM is not cost-effective at a WTP of £20,000 per QALY 


compared to EBRT would be reversed if the probability of experiencing any other recurrence on the 


INTRABEAM arm was at the low end of its likely range; or if the probability of death from breast 


cancer on the INTRABEAM arm was at the low end of its likely range. 


 


A strength of the economic model is that it is based upon data identified from systematic searches for 


clinical, cost-effectiveness and quality of life evidence.  Other strengths are that quality of life/health 


state utility weights are taken from studies using the EQ-5D and valued using the UK general 


population tariff; and that a transparent approach was taken to costing the use of Intrabeam per 


procedure by considering all elements of the cost base. 


 


Possible weaknesses of the model are that the systematic review of quality of life did not find EQ-5D 


values to populate all of the model health states, and that the clinical effectiveness data used to inform 


disease progression in the model are drawn largely from one study which has a relatively short follow 


up time.  This study also has a small number of events for the primary outcome in the pre-pathology 
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stratum and the base case results are therefore subject to some uncertainty.  Due to data limitations the 


model does not include costs for the any other recurrence health state in the base case. 


 


5.7.1 Comparison of the economic models 


A key structural difference between the Carl Zeiss economic model and the SHTAC model is that the 


Zeiss model has four health states while the SHTAC model has six health states.  The SHTAC model 


includes an additional (temporary) health state at local recurrence, and also an ‘any other recurrence’ 


health state which includes metastatic disease.  A further structural difference is that the Zeiss model 


uses an exponential assumption to extrapolate trial local recurrence data over the time horizon of the 


model, while the SHTAC model assumes a lognormal fit to these data.  The Zeiss model is run over a 


ten year time horizon rather than the 40 year horizon used in the SHTAC model.   


 


Different cost and utility data were also used.  The Zeiss model uses expert opinion to inform the cost 


of each INTRABEAM procedure whilst the SHTAC model uses a micro-costing approach.  The Zeiss 


model assumes that at local recurrence all INTRABEAM patients have salvage lumpectomy and that 


all EBRT patients have salvage mastectomy.  The cost of salvage mastectomy in the Zeiss model 


appears to include the cost of breast reconstruction for all patients.  In contrast the SHTAC model 


considers that most INTRABEAM patients will have mastectomy at local recurrence, and that of 


patients having mastectomy, not all of them will have reconstruction.   


 


Utilities used in the Zeiss model were obtained via standard gamble and were not obtained from the 


general population.  Utilities used in the SHTAC model were obtained using the EQ-5D and valued 


with the UK tariff.  
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6 ASSESSMENT OF FACTORS RELEVANT TO THE NHS AND 


OTHER PARTIES 


 


The report “Radiotherapy Services in England 2012”
128


 states that there are currently 265 linear 


accelerators operating in UK/England across 58 sites with new sites planned.  Breast cancer accounted 


for 28% of radiotherapy services activity for the year 2011/2012.  To meet projected increases in the 


need for radiotherapy (due to cancers in an aging population) it has been estimated that 412 linear 


accelerators will be required by 2016.  In contrast, as noted in section 1.3 just eight INTRABEAM 


devices are known to have been purchased (four in London, and one each in Winchester, Dundee, 


Liverpool and Harlow) for use in the NHS with a further ten NHS Trusts expressing an interest in 


purchasing the device.  Therefore there would be a need for significant investment in INTRABEAM 


equipment if this technology were to be available across the NHS.  Furthermore in addition to the 


investment in equipment there would also need to be investment in staff training both for surgeons, 


physicists, oncologists and radiographers. 


 


Advice from the Advisory Group for this assessment indicated that theatre capacity is also a 


consideration.  The additional time needed in theatre to administer INTRABEAM therapy could add 


to pressure on breast clinics especially if they already find it difficult to meet waiting time targets.  


However, in centres where lymph node analysis is already undertaken intraoperatively using the RD-


100i OSNA system (currently 22 in use in the UK, section 1.2) INTRABEAM therapy could be 


delivered and completed within this time and therefore would have less impact on theatre time. 


 


As noted above breast cancer currently accounts for about 28% of activity across radiotherapy centres.  


How much radiotherapy resource could be freed up by increased use of INTRABEAM therapy 


depends in part on the proportion of patients who would be eligible for INTRABEAM treatment.  In 


the AG’s independent economic model (section 5.5.1 Demand for INTRABEAM) the proportion of 


incident cases of early breast cancer suitable for INTRABEAM therapy is estimated at 16%.  If this 


were the case breast cancer would then account for about 24% of radiotherapy centre activity, a drop 


of 4%.  However it should be remembered that the actual drop would be likely to be lower than this 


for two reasons.  Firstly after INTRABEAM treatment some patients may be found to have tumours 


with unfavourable features that put them at high risk of recurrence, in which case they would receive 


EBRT in addition.  Secondly, some patients will experience recurrence and, depending on their 


preference and extent of disease at recurrence, may opt for local excision and EBRT. 


 


In the future radiotherapy resources may also be freed up if the current 3-week EBRT treatment 


schedule can be shortened.  For example a clinical trial, the FAST-Forward non-inferiority RCT
129


 is 


currently testing a one week (5-fraction) course of EBRT to see if it is as effective and as safe as the 
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current UK 15-fraction standard.  The estimated publication date for this HTA funded trial is 2021.  If 


this trial demonstrates that a one week course of EBRT is as effective and safe in this patient group 


then adoption of this shortened radiotherapy regimen would have a larger impact on radiotherapy 


resources than the introduction of INTRABEAM.  The ability to identify a sub-set of women who 


could safely be treated without receiving EBRT might also free up radiotherapy resources in the 


future. 


 


From the patient perspective INTRABEAM therapy may be viewed as an attractive option because 


the standard 15 fraction course of EBRT would be avoided for the majority of those eligible for 


INTRABEAM treatment.  The benefits of this include a reduction in the disruption to work and 


family life both in terms of time (for travel as well as for treatment) and costs (e.g. travel, parking, 


loss of earnings) which may be significant particularly for those who live farthest from a radiotherapy 


centre and for those at the lower end of the income spectrum. 
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7 DISCUSSION 


7.1 Statement of principal findings 


 One international, multicentre, non-inferiority RCT
64;65


 was included in the systematic review 


of clinical effectiveness.  It examined IORT using the INTRABEAM device compared to 


conventional whole breast EBRT and was judged to be at a low risk of bias. 


 Participants could be randomised to INTRABEAM or EBRT prior to surgery to remove the 


tumour (pre-pathology stratum) or could receive surgery to remove the tumour and be 


randomised into the trial after surgery providing initial histopathology showed no adverse 


criteria (post-pathology stratum).  Participants in either stratum who were randomised to 


INTRABEAM and subsequently found to have unfavourable pathological features received 


EBRT in addition (i.e. INTRABEAM + EBRT). 


 The primary outcome of the RCT was local recurrence in the conserved breast.  The pre-


stated non-inferiority margin was an absolute difference of 2.5% between groups.  Non-


inferiority of INTRABEAM compared with EBRT was demonstrated for the whole trial 


population and for the pre-pathology stratum.  However non-inferiority was not established 


for the post-pathology stratum where the absolute difference in the 5-year local recurrence 


exceeded the pre-defined non-inferiority margin of 2.5%.  In considering these results it 


should be remembered that the median follow-up of the total trial population was two years 


five months, 1222 (35%) had reached a median follow-up of five years. 


  Overall survival was a secondary outcome of the RCT.  Differences between the groups in 


overall mortality and for breast cancer mortality were not statistically significant for the 


whole trial population, the pre-pathology stratum or the post-pathology stratum.  In contrast 


the analysis of non-breast cancer deaths showed that there were significantly fewer non-breast 


cancer deaths in the INTRABEAM group compared to the EBRT group in the whole trial 


population and when the pre-pathology stratum was analysed separately.  In the post-


pathology stratum there was no statistically significant difference in non-breast cancer 


mortality between the groups. 


 For participants in the pre-pathology stratum treatment with INTRABEAM resulted in a 1% 


increase in local recurrence but this was counterbalanced with a potential 2.3% decrease in 


overall mortality. 


 Clinically significant complications reported to differ statistically significantly between the 


groups were wound seroma requiring more than three aspirations which occurred more 


frequently in the INTRABEAM group and RTOG toxicity score of grade 3 or 4 which was 


less frequent in the INTRABEAM group.  Early complications and complications arising six 


months after randomisation appeared similar between the groups. 
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 Limited information was available from one sub-study undertaken by one trial centre on 


quality of life.
63


  Approximately 2.5% of the total trial population were involved in this study 


which did not identify any statistically significant differences in QoL measures (EORTC 


QLQ-C30 (version 3) and the QLQ-BR23) between the study arms. 


Cost-effectiveness 


 The systematic review identified two relevant economic evaluations,
78;80


 both of which were 


based on the TARGIT-A trial.  Both studies were associated with a number of limitations. 


 Alvarado and colleagues
78


 developed a Markov decision analytic model with six health states. 


Costs and benefits were discounted at 3%, costs were expressed in US$ and the price year 


was 2011. INTRABEAM was found to be associated with less cost and greater QALYs than 


EBRT.  


 Shah and colleagues
80


 analysed cost-effectiveness through reimbursement models and 


conducted a cost-minimisation analysis. Methods and assumptions were based on previously 


published articles. The authors concluded that although INTRABEAM represented a potential 


cost-saving alternative, EBRT represented a cost-effective modality compared to 


INTRABEAM based on cost per QALY analyses when additional medical costs and 


nonmedical costs associated with INTRABEAM were factored in.  


 Both studies were based in the US and adopted a societal perspective, and are therefore not 


generalisable to the UK NHS. 


 The horizon was ten years in one study
78


 and not clearly stated in the other study
80


 (but 


assumed to be ten years based on the estimation of mean utility), which is inappropriate as the 


risk of local recurrence continues over a lifetime. 


 Alvarado and colleagues
78


 used a standard 33 fractions of EBRT in their model; this is more 


than the current standard UK practice of 15 fractions and will lead to an overestimation of 


EBRT costs. The number of fractions of EBRT was not reported by Shah and colleagues.
80


 


 The quality of utility data used in both the studies is questionable. The source study
81


 was an 


old publication and more recent data would have been appropriate, such as those identified in 


section 5.2.  


Quality of life  


 The systematic review on HRQoL studies was conducted with an aim to identify utility data 


for the SHTAC independent model. Nine studies were identified; these were diverse with 


respect to their aims, interventions, comparators, study designs, and methodologies. When 


assessing the studies on the basis of their relevance to the NICE reference case, only three met 


all of the criteria (details in Appendix 9).
86;87;91
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 The studies provide a source of EQ-5D data for five of the seven health states identified a 


priori as being potentially relevant for the SHTAC independent model. EQ-5D data were not 


identified for the health states ‘WLE+INTRABEAM’ or ‘WLE+INTABEAM+EBRT’. 


Manufacturer’s submission 


 The MS evaluated the cost-effectiveness of INTRABEAM in early breast cancer patients 


when compared with radiotherapy usually given in the UK over 3-6 weeks as EBRT. The 


total costs, QALYs gained and cost-effectiveness associated with the intervention and 


comparator under consideration in the appraisal were reported.  A multi-state Markov model 


consisting of four health states was constructed. The analysis was conducted for a time-period 


of 20 years with an annual cycle length. The perspective was that of the NHS. Benefits and 


costs were discounted at 3.5%. 


 The base case results indicate that INTABEAM is associated with greater QALYs and lower 


costs than EBRT. One way sensitivity analyses and scenario analyses were not conducted. 


PSA found that at the £20,000 and £30,000 willingness to pay thresholds, INTRABEAM has 


the highest probability of being cost effective, at 100% for both thresholds. 


 Limited information on the model structure and input parameters is provided in the MS and 


the AG has raised a number of concerns regarding the methods used; as a consequence the 


results of the MS model should be viewed with caution.  


SHTAC Model 


 INTRABEAM is less expensive but less effective than EBRT.  The base case ICER for 


replacing EBRT with INTRABEAM is £1,596 saved per QALY lost.  INTRABEAM is 


therefore not cost-effective compared to EBRT at the WTP threshold of £20,000 per QALY.   


 At the £20,000 WTP threshold EBRT has a greater probability than INTRABEAM of being 


cost-effective, of 61.3%.  EBRT also has the highest probability of being cost-effective 


(61.4%) at a WTP of £30,000 per QALY.   


 The base case result is subject to a degree of uncertainty.  For four model parameters the 


difference in their upper and lower values causes a switch in the treatment option which is 


considered cost-effective at a WTP of £20,000 per QALY.  Model outcomes are particularly 


sensitive to the probability of any other recurrence.   


 Alternative model health state utility values examined in scenario analysis do not 


substantively change the base case findings.  Other scenario analyses show that: 


INTRABEAM is dominated by EBRT if it is assumed to serve a smaller catchment 


population than the base case; and that INTRABEAM dominates EBRT if trial-observed 


mortality data are used for the first five model cycles. 
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7.2 Strengths and limitations of the assessment 


This assessment has the following strengths: 


 The systematic reviews and economic evaluation have been carried out independent of any 


vested interest, and the results are presented in a consistent and transparent manner.   


 The systematic reviews have been undertaken following established methodology and 


principles for conducting a systematic review.  The methods used were set out in a research 


protocol (Appendix 1), which defined the research question in line with the NICE scope, and 


set out the inclusion and quality assessment criteria, data extraction process and the other 


methods to be employed during the evidence synthesis. 


 An advisory group has informed the review from its initiation.  The research protocol was 


informed by comments received from the advisory group and reviewed and the advisory 


group as commented on a draft of the final report.  


 A de novo economic model has been developed following recognised guidelines.  The model 


structure and data inputs are clearly presented in this report.  The main results have been 


summarised and presented. This should facilitate replication and testing of our model 


assumptions. 


 The economic model is based upon data identified from systematic searches for clinical, cost-


effectiveness and quality of life evidence. 


 The quality of life/health state utility weights used in the economic model are taken from 


studies using the EQ-5D and valued using the UK general population tariff. 


 A transparent approach was taken to costing the use of Intrabeam per procedure by 


considering all elements of the cost base. 


 The model is validated against external data. 


 


In contrast, this assessment also has certain limitations: 


 Only one RCT has been published that met the inclusion criteria for the review. 


 The length of follow-up in the published reports of the included trial may be inadequate. 


 The economic model is based upon estimates of efficacy from the included trial which may have 


inadequate follow-up. 


 The systematic review of quality of life did not find EQ-5D values to populate all of the model 


health states. 


 The economic model does not include any costs for the ‘any other recurrence’ health state in the 


base case due to limitations in the evidence base. 
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7.3 Uncertainties 


 The TARGIT-A trial was a non-inferiority RCT with ITT results presented.  An extension to 


the consort statement
72


 for non-inferiority trials that there would be greater confidence in the 


results of a non-inferiority trial both ITT and non-ITT (per-protocol) results were presented 


and shown to be consistent with one another.  As no per-protocol analysis was presented it is 


not known whether the results of such an analysis would confirm the findings of the ITT 


analysis. 


 In the EBRT arm of the TARGIT-A trial centres were allowed to stipulate local policy for the 


delivery of EBRT and therefore there would have been some differences between EBRT 


delivered at different centres, for example in dose delivered or quality control.  The impact of 


these differences is unknown however it seems unlikely that variations in EBRT as delivered 


in non-UK TARGIT-A trial centres and the standard UK radiotherapy schedule (40Gy in 15 


fractions over 3 weeks
11


) would have an impact on results.  Evidence from the UK based 


START-B trial
130


 which was recruiting patients with operable early invasive breast cancer at a 


similar time to TARGIT-A compared a radiotherapy schedule of 50 Gy in 25 fractions over 5 


weeks with 40 Gy in 15 fractions over 3 weeks.  After a median follow-up of 6 years START-


B showed that 5-year local-regional relapse from a 40 Gy in 15 fraction schedule (2·2%, 95% 


CI 1·3–3·1) were as least as favourable as the 50 Gy in 25 fraction schedule (3·3%, 95% CI 


2·2 to 4·5).  A potentially more important consideration is the possibility of variable quality 


control of EBRT between centres.  The TARGIT-A trial protocol
66


 voiced the expectation that 


all trial investigators would be working to local or national standards conforming to 


international guidelines for quality assurance and thus no trial specific quality control 


measures were put in place. 


 Some key estimates of clinical efficacy used in the economic model have wide confidence 


intervals.  Base case results are therefore subject to a degree of uncertainty which stems from 


uncertainty in the evidence base.  For a few parameters the cost-effectiveness findings are 


reversed when values at the upper and lower bounds of the appropriate confidence interval are 


considered. 
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8 CONCLUSIONS  


8.1 Implications for service provision 


There would be a need for significant investment in INTRABEAM equipment, and in staff training 


for surgeons and physicists if this technology were to be available across the NHS.  Theatre capacity 


is also a consideration. 


8.2 Suggested research priorities 


The evidence base for the use of INTRABEAM for the adjuvant treatment of early stage breast cancer 


is limited to one RCT, the TARGIT-A trial, which has reported on outcomes after a median follow-up 


of two years and five months.  The population enrolled in the trial has a low risk of local recurrence 


and of mortality and therefore there is scope for uncertainty about whether the results observed to date 


will hold over the longer term.  To increase confidence in the results longer term follow up data from 


the TARGIT-A trial are required.  Future analyses should report the numbers experiencing each type 


of recurrence within the ‘any other recurrence’ category.  ‘Any other recurrence’ included regional 


recurrence, contralateral breast recurrence, and distance recurrence which have very different 


prognoses and contribute to the slightly higher breast cancer mortality associated with INTRABEAM.  


The economic model is very sensitive to this. 


 


To address the effectiveness of INTRABEAM in a wider range of patients analysis from other trials 


and analysis of registry data will be needed when sufficient data with an appropriate length of follow-


up has been accrued [ongoing currently: one RCT (TARGIT-B), one prospective single arm study 


(TARGIT-E) and three registry database studies, Section 4.3]. 


 


Further HRQoL data are desirable.  A very limited quantity has been published from the TARGIT-A 


trial and it is not clear whether HRQoL outcome data will be available for the whole trial population 


in the future. 
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10 APPENDICES 


 


Appendix 1 Protocol methods 


Below is an extract showing the methods text from the original protocol for this review.  The full 


protocol (including reference list and appendices) is available on the NICE website 


http://guidance.nice.org.uk/TAG/353/FinalProtocol/pdf/English and is registered on the International 


prospective register of systematic review ( registration number CRD42013006720). 


 


5 Report methods for synthesis of evidence of clinical effectiveness 


A systematic review of the evidence for clinical effectiveness and cost-effectiveness will be 


undertaken following the general principles outlined in ‘Systematic Reviews: CRD’s guidance for 


undertaking reviews in health care’.
26


 


 


5.1 Search strategy 


A search strategy will be developed and tested by an experienced information scientist. The strategy 


will be designed to identify all relevant clinical effectiveness studies of the INTRABEAM Photon 


Radiotherapy System for people with early operable breast cancer.  Separate searches will be 


conducted for the economic evaluation section of the MTA as described below (Section 6).  


 


A draft search strategy for Medline is shown in Appendix 9.1.  This will be adapted for other 


databases.  The following databases will be searched:  The Cochrane Library including the Cochrane 


Database of Systematic Reviews (CDSR), the Cochrane Central Register of Controlled Trials, CRD 


(University of York) Database of Abstracts of Reviews of Effectiveness (DARE), the NHS Economic 


Evaluation Database (NHS EED) and the Health Technology Assessment (HTA) database; Medline 


(Ovid); Embase (Ovid); Medline In-Process and Other Non-Indexed Citations (Ovid); Web of Science 


with Conference Proceedings: Science Citation Index Expanded (SCIE) and Conference Proceedings 


Citation Index - Science (CPCI) (ISI Web of Knowledge); Biosis Previews (ISI Web of Knowledge); 


Zetoc (Mimas); NIHR-Clinical Research Network Portfolio; Clinical Trials.gov, Current Controlled 


Trials and WHO ICTRP (international clinical trials research platform). 


 


Bibliographies of related papers will be assessed for relevant studies where possible. The 


manufacturers’ submissions to NICE will be assessed for any additional studies that meet the 


inclusion criteria. Members of our advisory group will be contacted to identify additional published 


and unpublished evidence.  A comprehensive database of relevant published and unpublished articles 


will be constructed using Reference Manager software. 


 



http://guidance.nice.org.uk/TAG/353/FinalProtocol/pdf/English
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All databases will be searched from inception to the present.  Searches will be limited to randomised 


controlled trials (RCTs) and controlled clinical trials (CCTs) for the assessment of clinical 


effectiveness.  All searches will be updated when the draft report is under review, prior to submission 


of the final report to NICE. 


 


5.2 Inclusion and exclusion criteria 


The inclusion and exclusion criteria for intervention, population, comparator, and outcomes have been 


stipulated in the final scope issued by NICE (Table 4). 


 


Table 4: Inclusion and exclusion criteria for the review of clinical effectiveness 


Interventions INTRABEAM Photon Radiotherapy System with or without external beam 


radiotherapy 


Participants People with early operable breast cancer (as defined by the trials). People with a local 


recurrence are excluded. 


Comparator External beam radiotherapy delivered by linear accelerator 


Outcomes Studies will be included if they report on one or more of the following outcomes: 


 overall survival 


 ipsilateral local recurrence 


 adverse effects of treatment 


 health-related quality of life 


 cost-effectiveness (such as incremental cost per QALY gained) 


Design The following types of study will be eligible for inclusion: 


 


RCTs 


[If no RCTs are found, or if the data from available RCTs is incomplete (e.g. absence 


of data on outcomes of interest) evidence from good-quality controlled clinical trials 


may be considered.] 


 


Studies published as abstracts or conference presentations will only be included if 


sufficient details are presented to allow an appraisal of the methodology and the 


assessment of results to be undertaken;  


Systematic reviews and clinical guidelines will be used as a source of references; 


Case series, case studies, narrative reviews, editorials and opinions will be excluded; 


Non-English language studies will be excluded 
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5.3 Screening and data extraction process 


Reference screening 


Studies will be selected for inclusion through a two-stage process.  The titles and abstracts of studies 


identified by the search strategy will be screened independently by two reviewers to identify all 


citations that potentially meet the inclusion/exclusion criteria detailed above.  Full manuscripts of 


studies which appear potentially relevant will be obtained.  These will be screened by two reviewers 


and a final decision regarding inclusion will be agreed.  At each stage any disagreements will be 


resolved by discussion, with the involvement of a third reviewer when necessary. 


 


Data extraction 


Data will be extracted by one reviewer using a standardised data extraction form (see Appendix 9.2) 


and will be checked for accuracy by a second reviewer. Discrepancies will be resolved by discussion, 


with involvement of a third reviewer when necessary. 


 


5.4 Quality assessment strategy 


The quality of included clinical effectiveness studies will be assessed according to criteria based on 


those devised by the Centre for Reviews and Dissemination (CRD, University of York)
26


 and/or the 


Cochrane Collaboration.
27


  The quality of the individual studies will be assessed by one reviewer and 


checked by a second reviewer with any disagreements resolved by consensus and involvement of a 


third reviewer where necessary.  The quality assessment strategy for cost-effectiveness studies is 


provided in section 6.1. 


 


5.5 Methods of data analysis/synthesis of clinical effectiveness data 


Clinical effectiveness data will be synthesised through narrative review with tabulation of the results 


of included studies.  Where data are of sufficient quality and homogeneity the results from individual 


studies will be synthesised through meta-analysis to estimate a summary measure of effect on relevant 


outcomes.  If a meta-analysis is appropriate it will be performed using specialised software such as 


Cochrane Review Manager 5 (RevMan) and presented using forest plots and tabular forms.  If direct 


evidence is lacking, we will consider appropriate methods of indirect comparisons.
28


 


 


6 Report methods for synthesis of evidence of cost-effectiveness 


The cost-effectiveness of the INTRABEAM Photon Radiotherapy System for the adjuvant treatment 


of early operable breast cancer will be assessed through two stages: a systematic review of cost-


effectiveness studies and the development of a decision analytic economic model. 
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6.1 Systematic review of published cost-effectiveness studies 


The sources detailed in Section 5.1 will be used to identify studies of the cost-effectiveness of the 


INTRABEAM Photon Radiotherapy System for the adjuvant treatment of early operable breast cancer. 


Studies will be included in the systematic review of cost-effectiveness if they are full economic 


evaluations (cost-effectiveness, cost utility or cost benefit analyses) that report both measures of costs 


and consequences.  Other inclusion and exclusion will be identical to those of the clinical 


effectiveness review.  The methodological quality of included studies will be assessed using accepted 


criteria for appraising economic evaluations.
29


  Where relevant this will be supplemented with 


additional criteria for critical appraisal of model-based evaluations.
30


  Studies will be synthesised 


through a narrative review that includes a clear explanation of the assessment process, detailed critical 


appraisal of study methods, critical assessment of data used in any economic models and tabulation of 


the results of included studies.  Published studies conducted in the UK and adopting an NHS and 


Personal Social Services (PSS) perspective will be examined in more detail.   


 


Stand alone cost analyses based in the UK NHS will also be searched for.  These will not be included 


in the systematic review, but will be retained as sources of information on resource use and cost 


associated with INTRABEAM Photon Radiotherapy (including short term and longer term adverse 


events). 


 


Any economic evaluation included in the manufacturer’s submission to NICE will be assessed using 


the same quality criteria which are used for published economic evaluations, but will be reported 


separately. 


 


6.2 Methods for estimating quality of life 


Relevant health-related quality of life (HRQoL) data, where available, will be extracted from studies 


included in the clinical and cost-effectiveness systematic reviews. An additional systematic literature 


search will be conducted specifically for publications reporting HRQoL or health state utility for 


people with early operable breast cancer, including the impact of INTRABEAM Photon Radiotherapy 


on this patient group.  Studies will be synthesised through a narrative review with tabulation of results 


of included studies.   


 


Where QoL data are insufficient to calculate utility estimates, data will be derived from the broader 


literature or estimated from other sources. In accordance with the NICE methodological guide for 


technology appraisals,
31


 the utility values used in the model will be elicited where possible from the 


general population using a preference-based method. Where these are not available, utility estimates 


will be derived from alternative sources and the assumptions made will be explicitly stated. 
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6.3 Economic modelling 


Existing economic models which estimate the cost-effectiveness of the INTRABEAM System which 


are identified in the systematic review of economic evaluations will be assessed for their quality, 


relevance and suitability for adoption in the current review.  If considered relevant and valid the 


models will be adapted (if required) and populated with updated (and UK-practice-relevant) clinical 


and cost parameter values using data identified in our clinical and cost-effectiveness reviews. 


 


If no appropriate economic model is identified in the systematic review of economic evaluations, a 


decision analytic model will be built de novo.   


 


The model structure will be determined by the biological disease process, the main care pathways for 


patients in the UK NHS and the disease states or events which are most important in determining 


patients’ clinical outcomes, QoL and consumption of NHS or PSS resources.  It will be informed by 


published clinical research evidence and expert opinion, as well as methods adopted in previously 


published economic evaluations and NICE guidance. 


 


The model perspective will be that of the NHS and PSS, with costs and outcomes discounted at 3.5%.  


The time horizon will initially be governed by the follow-up data from the included clinical trials.  We 


will investigate extrapolating these data in order to model a lifetime horizon.  The incremental cost-


effectiveness of the interventions will be estimated in terms of cost per quality-adjusted life year 


(QALY) gained, as well as the cost per life year gained, if data permit. 


 


Parameter values for the model will be obtained from the best available evidence in the relevant 


research literature, including our own systematic review of clinical effectiveness.  Where required 


parameters are not available from good quality published studies in the relevant patient group, we 


may use data from sponsor submissions to NICE or clinical experts’ opinion.  Searches for additional 


information regarding model parameters, patient preferences, and other topics will be conducted as 


required and may include a wider range of study types than the review of clinical effectiveness 


(including non-randomised studies).  Sources for parameter values will be stated clearly. 


 


Adverse effects will be accounted for in the model if these are clearly reported by the trials included 


in our systematic review of clinical effectiveness.  These will be included as an extra cost and, where 


possible, disutility. 


 


Resource use will be specified and valued from the perspective of the NHS and PSS.  Cost data will 


be derived from local sources, extracted from published sources or from sponsor submissions to NICE, 


as appropriate. 
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6.4 Analysis of uncertainty 


Uncertainty in the model concerning both the structure and parameters used will be investigated 


through deterministic sensitivity analyses and scenario analysis.  If the data and modelling approach 


permit, joint parameter uncertainty will be explored by probabilistic sensitivity analysis (PSA).  The 


outputs of any PSA will be presented using plots of the cost-effectiveness plane and cost-effectiveness 


acceptability curves. 


 


7 Handling the company submission 


All data submitted by the manufacturers/sponsors will be considered if received by the assessment 


team no later than Monday 13
th
 January 2014.  Data arriving after this date will not be considered.  If 


the data meet the inclusion criteria for the review they will be extracted and quality assessed in 


accordance with the procedures outlined in this protocol.  Any economic evaluation included in the 


company submission, provided it complies with the NICE methodological guide for technology 


appraisals,
31


 will be assessed for clinical validity, reasonableness of assumptions and appropriateness 


of the data used in the economic model. 


 


Any ‘commercial in confidence’ data taken from a company submission, and specified as confidential 


in the checklist, will be highlighted in blue and underlined in the assessment report.  Any ‘academic in 


confidence’ data will be highlighted in yellow and underlined. 
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Appendix 2 Search dates and example Medline search strategies for clinical effectiveness, cost-


effectiveness and HRQoL 


 


Databases searched for the systematic reviews of clinical effectiveness, cost-effectiveness and 


HRQoL are presented below. Searches were updated in March 2014. 


Database searched (host) Clinical 


effectiveness 


searches 


Cost effectiveness and QoL 


searches 


Cochrane Central, Cochrane CDSR, Cochrane 


DARE, Cochrane HTA, and Cochrane Methods 


(Cochrane Library) 


All available years 


to 19/03/2014 


 


Cochrane Central, Cochrane DARE, Cochrane 


Economic Evaluations, and Cochrane Methods 


(Cochrane Library) 


 All available years to 


18/03/2014 (QoL) and to 


19/03/2014 (cost) 


Centre for Reviews and Dissemination 


databases: DARE, HTA, and NHS EED (CRD) 


All available years 


to 19/03/2014 


All available years to 


18/03/2014 (both) 


Conference Proceedings Citation Index- Science 


(CPCI-S) (Web of Science) 


All available years 


to 19/03/2014 


All available years to 


18/03/2014 (both) 


Cost-effectiveness analysis (CEA) registry 


(Tufts Medical Center) 


 Searched to 19/03/2014 


(cost) 


EMBASE (Ovid) All available years 


to 19/03/2014 


All available years to 


18/03/2014 (both) 


MEDLINE(R) (Ovid) All available years 


to 19/03/2014 


All available years to 


18/03/2014 (both) 


MEDLINE(R) In-Process (MEIP) & Other 


Non-Indexed Citations (Ovid) 


Searched to 


19/03/2014 


Searched to 18/03/2014 


(both) 


Science Citation Index Expanded (SCI-


EXPANDED) (Web of Science) 


1995 to 


19/03/2014 


1970 to 18/03/2014 (both) 


ScienceDirect.com  Searched to19/03/2014 (cost) 


Biosis Previews (Web of Science) 1995 to 


19/03/2014 


All available years to 


18/03/2014 (both) 


Zetoc (Mimas)  Searched to 19/03/2014 


(cost) 
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Searched for ongoing trials (all searched on 25/03/2014) 


National Institute for Health Research Clinical Research Network (NIHR CRN Portfolio, 


formally UKCRN website) 


Controlled-trials.com 


Clinical trials.gov 


WHO International Clinical Trials Registry Platform (ICTRP) 


American Society of Clinical Oncology (ASCO) 


 


Example search strategies 


 


Clinical Effectiveness 


1     exp Breast Neoplasms/ 


2     Carcinoma, Intraductal, Noninfiltrating/ 


3     ("ductal carcinoma* in situ" or DCIS).tw. 


4     (breast* adj5 (neoplasm* or cancer* or tumo?r* or carcinoma* or adenocarcinoma* or sarcoma* 


or dcis or ductal* or infiltrat* or intraductal* or lobular or medullary or malignan*.tw.  


5     (mammar* adj5 (neoplasm* or cancer* or tumo?r* or carcinoma* or adenocarcinoma* or 


sarcoma* or dcis or ductal* or infiltrat* or intraductal* or lobular or medullary or malignan*)).tw.  


6     exp "Neoplasms, Ductal, Lobular, and Medullary"/  


7     (breast or mammar*).tw.  


8     6 and 7   


9     or/1-5,8   


10     intrabeam*.af.   


11     Radiosurgery/ or radiosurg*.tw.   


12     Radiotherapy, Adjuvant/   


13     (radiother* or irradiat* or radiat* or xray or "x-ray").tw.   


14     or/12-13   


15     "during surg*".tw.   


16     "radio* guided surg*".tw.   


17     (intraoperativ* or "intra operativ").tw.   


18     ("single dose" or "single fraction*").tw.   


19     or/15-18   


20     14 and 19   


21     IORT.tw.   


22     (intraoperativ* adj5 radiotherap*).tw.   


23     TARGIT*.tw.   


24     "tumo?r bed".tw.   
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25     (boost* or target*).tw.   


26     13 and 24 and 25   


27     9 and (10 or 11 or 20 or 21 or 22 or 23 or 26)   


28     Randomized Controlled Trials as Topic/   


29     randomized controlled trial.pt.   


30     controlled clinical trial.pt.   


31     Controlled Clinical Trial/   


32     placebos/   


33     random allocation/   


34     Double-Blind Method/   


35     Single-Blind Method/   


36     (random* adj2 allocat*).tw.   


37     placebo*.tw.   


38     ((singl* or doubl* or trebl* or tripl*) adj (blind* or mask*)).tw.   


39     crossover studies/   


40     (crossover* or (cross adj over*)).tw.   


41     Research Design/   


42     ((random* or control*) adj5 (trial* or stud*)).tw.   


43     Clinical Trials as Topic/   


44     random*.ab.   


45     or/28-44   


46     27 and 45   


 


Cost-effectiveness 


1     exp Breast Neoplasms/   


2     Carcinoma, Intraductal, Noninfiltrating/   


3     ("ductal carcinoma* in situ" or DCIS).tw.   


4     (breast* adj5 (neoplasm* or cancer* or tumo?r* or carcinoma* or adenocarcinoma* or sarcoma* 


or dcis or ductal* or infiltrat* or intraductal* or lobular or medullary or malignan*)).tw.   


5     (mammar* adj5 (neoplasm* or cancer* or tumo?r* or carcinoma* or adenocarcinoma* or 


sarcoma* or dcis or ductal* or infiltrat* or intraductal* or lobular or medullary or malignan*)).tw.   


6     exp "Neoplasms, Ductal, Lobular, and Medullary"/   


7     (breast or mammar*).tw.   


8     6 and 7   


9     or/1-5,8   


10     intrabeam*.af.   


11     Radiosurgery/ or radiosurg*.tw.   
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12     Radiotherapy, Adjuvant/   


13     (radiother* or irradiat* or radiat* or xray or "x-ray").tw.   


14     or/12-13   


15     "during surg*".tw.   


16     "radio* guided surg*".tw.   


17     (intraoperativ* or "intra operativ").tw.   


18     ("single dose" or "single fraction*").tw.   


19     or/15-18   


20     14 and 19   


21     IORT.tw.   


22     (intraoperativ* adj5 radiotherap*).tw.   


23     TARGIT*.tw.   


24     "tumo?r bed".tw.   


25     (boost* or target*).tw.   


26     13 and 24 and 25   


27     9 and (10 or 11 or 20 or 21 or 22 or 23 or 26)   


28     exp economics/   


29     exp economics hospital/   


30     exp economics pharmaceutical/   


31     exp economics nursing/   


32     exp economics medical/   


33     exp "Costs and Cost Analysis"/   


34     Cost Benefit Analysis/   


35     exp models economic/   


36     exp fees/ and charges/   


37     exp budgets/   


38     (economic* or cost or costs or costly or costing or price or prices or pricing or 


pharmacoeconomic*).tw.   


39     (value adj1 money).tw.   


40     budget$.tw.   


41     or/28-40   


42     ((energy or oxygen) adj cost).tw.   


43     (metabolic adj cost).tw.   


44     ((energy or oxygen) adj expenditure).tw.   


45     or/42-44   


46     41 not 45   


47     (letter or editorial or comment or historical article).pt.   
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48     46 not 47   


49     27 and 48   


Lines 50-54 added to strategy on 25/09/2013.  Nothing extra found as a consequence. 


50 accelerated partial breast irradiation.mp. 430   


51 APBI.tw. 266   


52 50 or 51   


53 48 and 52     


54 53 not 49     


 


HRQoL 


1     exp Breast Neoplasms/   


2     (breast* adj3 (neoplasm* or cancer* or tumo?r* or carcinoma* or adenocarcinoma* or sarcoma* 


or dcis or ductal* or infiltrat* or intraductal* or lobular or medullary or malignan*)).tw.   


3     (mammar* adj3 (neoplasm* or cancer* or tumo?r* or carcinoma* or adenocarcinoma* or 


sarcoma* or dcis or ductal* or infiltrat* or intraductal* or lobular or medullary or malignan*)).tw.   


4     or/1-3   


5     (sf36 or sf 36 or short form 36 or shortform 36 or sf thirtysix or sf thirty six or shortform 


thirstysix or shortform thirty six or short form thirty six or short form thirtysix or short form thirty 


six).ti,ab.   


6     (euroqol or euro qol or eq5d or eq 5d).ti,ab.   


7     (hui or hui1 or hui2 or hui3).ti,ab.   


8     (health adj3 utilit$ ind$).mp.   


9     "EORTC QLQ-BR23".tw.   


10     "FACT-B".tw.   


11     "Functional Assessment of Cancer Therapy Breast".tw.   


12     "BCQ".tw.   


13     "breast cancer chemotherapy questionnaire".tw.   


14     or/5-13   


15     4 and 14   
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Appendix 3 Excluded clinical effectiveness studies with rationale 


Excluded study Primary 


reason for 


exclusion 


(comment) 


Andersen KG, Gartner R, Kroman N, Flyger H, Kehlet H. Persistent pain after 


targeted intraoperative radiotherapy (TARGIT) or external breast radiotherapy for 


breast cancer: a randomized trial. The Breast 2012;21:46-9 


Outcome 


(sub-study) 


Andersen KG, Gartner R, Kroman N, Flyger H, Kehlet H. Persistent Pain After 


Targeted Intraoperative Radiotherapy (TARGIT) or External Breast Radiotherapy for 


Breast Cancer - a Randomized Trial. European Journal of Cancer 2011;47:S388. 


Abstract 
a
 


Anon.  HTA - 10/104/07: Targit B: An international randomised controlled trial to 


compare targeted intra-operative radiotherapy boost with conventional external beam 


radiotherapy boost after lumpectomy for breast cancer in women with a high risk of 


local recurrence.  http://www.nets.nihr.ac.uk/projects/hta/1010407 (accessed 


26\03\2014) 


Ongoing (no 


data yet) 


Baum M, Joseph DJ, Tobias JS, Wenz FK, Keshtgar MR, Alvarado M et al. Safety 


and efficacy of targeted intraoperative radiotherapy (TARGIT) for early breast cancer: 


first report of a randomized controlled trial at 10-years maximum follow-up. Journal 


of Clinical Oncology 2010;28. 


Abstract 
a
 


Baum M, Vaidya JS, Tobias JS, Keshtgar M, Williams NR, Wenz F et al. Targit 


(targeted intra-operative radiotherapy for early stage breast cancer): Results from the 


targit a randomized controlled trial. European Journal of Cancer Supplement 


2010;8:19. 


Abstract 
a
 


Drago S, Ciabattoni A, Piccirillo R, Bellotti A, Cresti R, Ciccone V et al. 


Intraoperative radiation boost in early breast cancer: initial results of a randomized 


trial. Breast Cancer Research and Treatment 2004;88:S172. 


Intervention 


(abstract) 


Engel D, Schnitzer A, Brade J, Blank E, Wenz F, Suetterlin M et al. Are 


mammographic changes in the tumor bed more pronounced after intraoperative 


radiotherapy for breast cancer? Subgroup analysis from a randomized trial (TARGIT-


A). Breast Journal 2013;19:92-5. 


Outcomes 
a
 


HAYES,.Inc. Intraoperative Radiation Therapy (IORT) for breast cancer (CRD 


Database Structured abstract 


http://www.crd.york.ac.uk/crdweb/ShowRecord.asp?ID=32012000152). Health 


Technology Assessment 2011. 


Design 


Holmes DR, Baum M, Joseph D. The TARGIT trial: targeted intraoperative radiation Abstract 
a
 



http://www.nets.nihr.ac.uk/projects/hta/1010407

http://www.crd.york.ac.uk/crdweb/ShowRecord.asp?ID=32012000152
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therapy versus conventional postoperative whole-breast radiotherapy after breast-


conserving surgery for the management of early-stage invasive breast cancer (a trial 


update). American Journal of Surgery 2007;194:507-10. 


Joseph DJ. Targit. Radiotherapy and Oncology 2012;103:S4. Abstract 
a
 


Keshtgar M, Vaidya J, Tobias J, Williams N, Baum M. TARGIT (Targeted intra-


operative radiotherapy for early stage breast cancer): Early results from the multi-


centre randomized controlled trial. European Journal of Surgical Oncology 


2010;36:1098. 


Abstract 
a
 


Keshtgar M, Williams N, Corica T, Saunders C, Joseph D, Bulsara M. Cosmetic 


outcome after targit compared with external beam radiotherapy for early breast 


cancer. Radiotherapy and Oncology 2011;99:S251. 


Abstract 
a
 


Keshtgar M, Williams N, Corica T, Saunders C, Joseph D, Bulsara M. Cosmetic 


outcome one, two, three and four years after intra-operative radiotherapy compared 


with external beam radiotherapy for early breast cancer: an objective assessment of 


patients from a randomised controlled trial. Breast 2011;20:S63. 


Abstract 
a
 


Keshtgar M, Williams N, Corica T, Saunders C, Joseph D. Better cosmetic outcome 


after intraoperative radiotherapy compared with external beam radiotherapy for early 


breast cancer: Objective assessment of patients from a randomized controlled trial. 


Annals of Surgical Oncology 2010;17:S178. 


Abstract 
a
 


Keshtgar M, Williams N, Corica T, Saunders C, Joseph D. Cosmetic outcome one, 


two and three years after intra-operative radiotherapy compared with external beam 


radiotherapy for early breast cancer: An objective assessment of patients from a 


randomised controlled trial. European Journal of Surgical Oncology 2010;36:1105. 


Abstract 
a
 


Keshtgar M, Williams N, Corica T, Saunders C, Joseph D. Significantly better 


cosmetic outcome after intraoperative radiotherapy compared with external beam 


radiotherapy for early breast cancer: Objective assessment of patients from a 


randomized controlled trial. Annals of Surgical Oncology 2011;18:S171. 


Abstract 
a
 


Keshtgar M, Williams NR, Corica T, Bulsara M, Saunders C, Flyger H et al. An 


objective assessment of cosmetic outcome after intraoperative radiotherapy or 


external beam radiotherapy for early breast cancer in patients from a randomized 


controlled trial. European Journal of Cancer 2013;49:S450. 


Abstract 
a
 


Keshtgar M, Williams NR, Corica T, Hedges R, Saunders C, Joseph D. Early 


evidence of better cosmetic outcome after intra-operative radiotherapy compared with 


external beam radiotherapy for early breast cancer: Objective assessment of patients 


from a randomised controlled trial. Annals of Surgical Oncology 2010;17:S13. 


Abstract 
a
 


Keshtgar M, Williams NR, Corica T, Saunders C, Bulsara M, Joseph D. Improved Abstract 
a
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cosmetic outcome after TARGIT compared with external beam radiotherapy for early 


breast cancer. European Journal of Cancer 2012;48:S186-S187. 


Keshtgar MR, Williams NR, Bulsara M, Saunders C, Flyger H, Cardoso JS et al. 


Objective assessment of cosmetic outcome after targeted intraoperative radiotherapy 


in breast cancer: results from a randomised controlled trial. Breast Cancer Research & 


Treatment 2013;140:519-25. 


Outcome 


(sub-study) 
a
 


Keshtgar MR, Williams NR, Corica T, Bulsara M, Saunders C, Flyger H et al. 


Cosmetic outcome after intraoperative radiotherapy or external beam radiotherapy for 


early breast cancer: An objective assessment of patients from a randomized controlled 


trial. Journal of Clinical Oncology 2013;31:var.pagings. 


Abstract 
a
 


Keshtgar MR, Williams NR, Corica T, Bulsara M, Saunders C, Flyger H et al. 


Cosmetic outcome after intraoperative radiotherapy or external beam radiotherapy for 


early breast cancer: An objective assessment of patients from a randomized controlled 


trial. Journal of Clinical Oncology 2013;15:1110. 


Abstract 
a
 


Keshtgar MR, Williams NR, Corica T, Saunders C, Bulsara M, Joseph D. Cosmetic 


outcome one, Two, Three, and four years after intra-operative radiotherapy compared 


with external beam radiotherapy for treatment of early breast cancer: An objective 


assessment of patients from a randomized controlled trial. International Journal of 


Radiation Oncology Biology Physics 2011;81:S225. 


Abstract 
a
 


Keshtgar MR, Williams NR, Corica T, Saunders C, Joseph DJ, Bulsara M. Cosmetic 


outcome 1, 2, 3, and 4 years after intraoperative radiotherapy or external beam 


radiotherapy for early breast cancer: An objective assessment of patients from a 


randomized controlled trial. Journal of Clinical Oncology 2011;29:94. 


Abstract 
a
 


Keshtgar MR, Williams NR, Corica T, Saunders C, Joseph DJ. Cosmetic outcome 


two and three years after intraoperative radiotherapy compared with external beam 


radiotherapy for early breast cancer: An objective assessment of patients from a 


randomized controlled trial. Journal of Clinical Oncology 2010;28:570. 


Abstract 
a
 


Sperk E, Welzel G, Keller A, Kraus-Tiefenbacher U, Gerhardt A, Sutterlin M et al. 


Late radiation toxicity after intraoperative radiotherapy (IORT) for breast cancer: 


Results from the randomized phase III trial TARGIT A. Strahlentherapie und 


Onkologie 2012;188:62. 


Abstract 
a
 


Sperk E, Welzel G, Keller A, Kraus-Tiefenbacher U, Gerhardt A, Sutterlin M et al. 


Late radiation toxicity after intraoperative radiotherapy (IORT) for breast cancer: 


results from the randomized phase III trial TARGIT A. Breast Cancer Research & 


Treatment 2012;135:253-60. 


Outcome 


(sub-study) 
a
 


Sperk E, Welzel G, Keller A, Kraus-Tiefenbacher U, Gerhardt A, Sutterlin M et al. Abstract 
a
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Late Radiation Toxicity After Intraoperative Radiotherapy (IORT) for Breast Cancer: 


Results From the Randomized Phase III Trial TARGIT A. European Journal of 


Cancer 2012;48:S187-S188. 


Vaidya JS, Baum M, Tobias JS, Houghton J, Keshtgar M, Sainsbury R et al. Targeted 


intraoperative radiotherapy for breast cancer - a randomised trial. Breast Cancer 


Research and Treatment 2001;69:228. 


Outcomes 
a
 


(abstract) 


Vaidya JS, Massarut S, Tobias JS, Wenz F, Bulsara M, Keshtgar M et al. Targeted 


intra-operative radiotherapy boost-TARGIT-B trial: A randomized trial for young and 


high risk patients including those after post-neoadjuvant systemic therapy 


lumpectomy. European Journal of Surgical Oncology 2010;36:820. 


Outcomes 


(abstract) 


Vaidya JS, Tobias JS, Baum M, Houghton J, Keshtgar M, Sainsbury R. Targeted 


intra-operative radiotherapy (TARGIT) for breast cancer: A randomised trial. 


Radiology 2001;221:278. 


Outcomes 
a
 


(abstract) 


Vaidya JS. An international randomised controlled trial to compare targeted intra-


operative radiotherapy (TARGIT) with conventional post-operative radiotherapy for 


women with early breast cancer (Project record). Health Technology Assessment 


2010;In Progress (Estimated publication date mid-2015). 


Outcomes 
a
 


(trial 


protocol) 


Valachis A, Mauri D, Polyzos NP, Mavroudis D, Georgoulias V, Casazza G. Partial 


Breast Irradiation or Whole Breast Radiotherapy for Early Breast Cancer: A Meta-


Analysis of Randomized Controlled Trials. Breast Journal 2010;16:245-51. 


Intervention 


Welzel G, Boch A, Blank E, Kraus-Tiefenbacher U, Keller A, Hermann B et al. 


Radiation-related Quality of Life Parameters after Targeted Intraoperative 


Radiotherapy vs. Whole Breast Radiotherapy in Patients with Breast Cancer: Results 


from the Randomized Phase III Trial TARGIT-A. International Journal of Radiation 


Oncology Biology Physics 2011;81:S206-S207. 


Abstract 
a
 


Williams N, Keshtgar M, Corica T, Saunders C, Bulsara M, Joseph DJ. Cosmetic 


outcome after intra-operative radiotherapy for early breast cancer in women over 50 


years. Radiotherapy and Oncology 2012;103:S128-S129. 


Abstract 
a
 


Williams NR, Keshtgar M, Corica T, Saunders C, Joseph D, Bulsara MK. Early 


Breast Cancer and Cosmetic Outcome One, Two, Three and Four Years After Intra-


operative Radiotherapy Compared With External Beam Radiotherapy: an Objective 


Assessment of Patients From a Randomised Controlled Trial (on Behalf of the 


TARGIT Trialists' Group). European Journal of Cancer 2011;47:S365. 


Abstract 
a
 


Williams NR, Keshtgar M, Corica T, Saunders C, Joseph D. Significantly better 


cosmetic outcome after intra-operative radiotherapy compared with external beam 


radiotherapy for early breast cancer: Objective assessment of patients from a 


Abstract 
a
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randomised controlled trial. European Journal of Cancer Supplements 2010;8:129. 


Zhou SF, Shi WF, Meng D, Sun CL, Jin JR, Zhao YT. Interoperative radiotherapy of 


seventy-two cases of early breast cancer patients during breast-conserving surgery. 


Asian Pacific Journal of Cancer Prevention: Apjcp 2012;13:1131-5. 


Intervention 


a
 Linked to the TARGIT-A trial 


 


  







157 


 


Appendix 4 Clinical effectiveness data extraction tables 


 


Reviewer 1: JP 


Date: 13/11/13 


Reviewer 2: DH 


Date: 19/11/13 


Version: 2 


 


 


Reference and design Intervention and 


Comparator 


Participants  Outcome measures 


Vaidya et al.,2014,
65


 2010
64


 


Linked sub-studies
63;73-75


 


(separate data extractions) 


 


TARGIT-A trial (TARGeted 


Intraoperative radioTherapy 


Alone) 


 


Study design: International, 


multicentre, non-inferiority 


RCT 


 


Countries: UK, Europe, 


Australia, USA, Canada 


 


Number of centres: 33 


centres in 11 countries
65


 UK 


(6), Germany (7), Italy (3), 


Switzerland (2), Denmark 


(1), Poland (1), Norway (1), 


USA (7), Canada (1), 


Australia (2), France (2) 


(for the mature cohort 


reported in 2010
64


 28 centres 


in 10 countries 


UK [5], Germany [6], Italy 


[2], Switzerland [2], 


Denmark [1], Poland [1], 


Norway [1], USA [7], 


Canada [1], Australia [2]) 


 


Intervention: 


Targeted 


intraoperative 


radiotherapy – 


Targit* (Intrabeam 


device)  


Dose: typically 20Gy 


to surface of tumour 


bed attenuating to 5-


7Gy at 1cm depth. 


 


Comparator: Whole 


breast external beam 


radiotherapy – EBRT 


Dose: typically 40-


56Gy +/- boost of 


10-16Gy. 


 


Other interventions 


used: Adjuvant 


systemic treatment as 


appropriate - 


hormone therapy, 


chemotherapy or 


other (not specified).    


 


A risk-adapted 


approach in the 


Targit arm was 


prespecified.  Any 


participants in the 


Number of 


randomised 


participants:  


2014 paper
65


 


n= 3451 


Targit, n= 1721 


EBRT, n= 1730 


 


(n=2298 in 


prepathology 


stratum, n=1153 in 


postpathology)
65


 


 


2010 paper
64


 


n = 2232 


Targit, n= 1113 


EBRT, n= 1119 


 


(n=1482 in 


prepathology 


stratum, n=672 in 


postpathology 


stratum, n=78 in 


contralateral 


stratum)
64


 


 


Inclusion criteria: 


Women with early 


breast cancer, aged 


≥ 45 years, suitable 


for wide local 


Primary outcomes: 


Local recurrence (in the 


conserved breast) 


 


Secondary outcomes:  


Local toxicity or 


morbidity 


(complications pre-


specified).
64


  Overall 


survival (breast cancer 


and non-breast cancer 


deaths)
65


 


 


Specimen weight, 


margin status and re-


operation for margins 


(analysed to compare 


the extent of local 


surgery).
64


 


 


Method of assessing 


outcomes: Described in 


the paper reporting 


initial results:
64


 


Assessments at entry, 3 


& 6 months, then every 


6 months for up to 5 


years and every year 


for up to 10 years.   


Local recurrence was 


pathologically 
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Recruitment dates: 24
th
 Mar 


2000 to 25
th
 June 2012 


 


Funding: University College 


London (UCL) Hospitals, 


UCL Comprehensive 


Biomedical Research Centre, 


UCLH Charities, NIHR 


HTA Programme (primary 


funder), Ninewells Cancer 


Campaign, National Health 


and Medical Research 


Council, German Federal 


Ministry of Education and 


Research. This was an 


academically driven trial and 


the funding bodies had no 


role in trial design, data 


analysis or interpretation, or 


writing the report.    


Targit group with 


prespecified 


unfavourable 


pathological features 


found subsequently 


received EBRT in 


addition after Targit.  


Three adverse 


features were defined 


in the core protocol 


(tumour-free margin 


< 1mm; extensive in-


situ component; 


unexpected invasive 


lobular carcinoma) & 


centres could 


prespecify additional 


features before 


starting recruitment. 


 


*Some patients 


received Intrabeam 


during initial surgery 


following tumour 


removal but protocol 


allowed for post-


pathology entry of 


patients whereby 


patients underwent 


initial surgery and 


were then 


randomised to 


receive EBRT or 


Targit as a 2
nd


 


procedure. 


excision for 


invasive ductal 


carcinoma that was 


unifocal on 


conventional 


examination and 


imaging. 


 


Exclusion criteria: 


Pre-operative 


diagnosis of lobular 


carcinoma. 


(More detailed 


exclusion criteria 


are given in the 


protocol 


www.hta.ac.uk/proj


ect/1981.asp)  


 


confirmed (no further 


details). Toxicity or 


morbidity assessed 


from data recorded on a 


complications form 


containing a pre-


specified checklist 


(haematoma, seroma, 


wound infection, skin 


breakdown, delayed 


wound healing, 


Radiation Therapy 


Oncology Group 


(RTOG) toxicity grade 


3 or 4 for dermatitis, 


telangiectasia, pain in 


irradiated field, or 


other). Skin breakdown 


or delayed wound 


healing or RTOG 


toxicity grade >2 


classified as major 


toxicity.  


Described in the 2014 


paper:
65


 If breast cancer 


was present at the time 


of death, the death was 


presumed to be from 


breast cancer. 


 


Length of follow-up: 


Overall median 2 years 


& 5 months (IRQ 12–


52 months).  A median 


follow up of 4 years 


was reached by 2020 



http://www.hta.ac.uk/project/1981.asp

http://www.hta.ac.uk/project/1981.asp





159 


 


participants and of 5 


years by 1222 


participants. The 


mature cohort of 2232 


participants (first 


reported on in 2010
64


) 


had a median follow up 


of 3 years and 7 months 


(IRQ 30–61 months) in 


the 2014 paper.
65


  For 


the earlier 2010 paper 


follow-up was up to 10 


years (data lock 2
nd


 


May 2010)
64


 


Baseline characteristics
65


 Targit n=1721 


 


EBRT n= 1730 


 


p-value 


Age (years), n/N (%):   0.274 


≤50 150/1721 (9) 122/1730 (7)  


51-60 527/1721 (31) 548/1730 (32)  


61-70 781/1721 (45) 807/1730 (47)  


>70 263/1721 (15) 253/1730 (15)  


Pathological tumour size 


(cm), n/N (%): 


  0.273 


≤1 611/1552 (39) 597/1530 (39)  


1.1-2 751/1552 (48) 726/1530 (48)  


>2 190/1552 (12) 207/1530 (14)  


Unknown 169/1721 (10) 200/1730 (12)  


Grade
a
, n/N (%):   0.394 


1 528/1517 (35) 558/1505 (37)  


2 757/1517 (50) 720/1505 (48)  


3 232/1517 (15) 227/1505 (15)  


Unknown 194/1721 (11) 225/1730 (13)  


Lymphovascular invasion, 


n/N (%): 


  0.224 


Absent 1348/1542(87) 1343/1521 (88)  


Present 194/1542 (13) 178/1521 (12)  
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Unknown 179/1721 (10) 209/1730 (12)  


Nodes involved, n/N (%):   0.091 


0 1307/1569 (83) 1303/1543 (85)  


1-3 219/1569 (14) 211/1543 (14)  


>3 43/1569 (3) 29/1543 (2)  


Unknown 152/1721 (9) 187/1721 (11)  


ER status, n/N (%):   0.090 


ER +ve 1441/1561 (92) 1433/1532 (94)  


ER -ve 120/1561 (8) 99/1532 (7)  


ER unknown 160/1721 (9) 198/1730 (12)  


PgR status, n/N (%):   0.179 


PgR +ve 1232/1521 (81) 1230/1495 (82)  


PgR -ve 289/1521 (19) 265/1495 (18)  


PgR unknown 200/1721 (12) 235/1730 (14)  


HER 2, n/N (%):   0.585 


Positive 170/1499 (11) 178/1487 (12)  


Negative 1329/1499 (89) 1309/1487 (88)  


Unknown 222/1721 (13) 243/1730 (14)  


Additional baseline 


characteristics present only 


in the 2010 paper
64


 


Targit n=1113 


 


EBRT n= 1119 


 


Comments  


Height (cm) 164 (159-168) 163 (159-168)  


Weight (kg) 70 (62-80) 70 (62-80)  


Tumour type:    


Invasive ductal carcinoma 1012/1070 (95%) 1018/1079 (94%)  


Invasive lobular carcinoma 47/1070 (4%) 45/1079 (4%)  


Mixed 32/1070 (3%) 35/1079 (3%)  


Unknown 43/1113 (4%) 40/1119 (4%)  


Ductal carcinoma in situ:    


Present 529/1063 (50%) 547/1069 (51%)  


Absent 534/1063 (50%) 522/1069 (49%)  


Unknown 50/1113 (4%) 50/1119 (4%)  


Adjuvant therapy:    


Hormone therapy 727/1113 (65%) 753/1119 (67%)  


Chemotherapy 116/1113 (10%) 141/1119 (13%)  


Other 48/1113 (4%) 41/1119 (4%)  
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Unknown 100/1113 (9%) 89/1119 (8%)  


Comments: ER - estrogen receptor; PgR - progesterone receptor; HER 2 - human epidermal growth 


factor receptor 2.  Data are n/N (%) or median (IQR). The denominator for ‘unknown’ percentages is 


the number of randomised patients; the denominator for each category is the number of known cases. 


Percentages are rounded so may not add up to 100%. 
a
Grading system not stated.  Most of the 


unknown data in the 2014 paper
65


 is from the 342 patients randomised in the last 6 months before data 


lock.  States that most cancers were small and with good prognosis (87% [2685/3082] up to 2 cm, 


85% [2573/3032] grades 1 or 2, 84% [2610/3112] node negative, 93% [2874/3093] oestrogen-


receptor positive and 82% [2462/3016] progesterone-receptor positive).  The majority were detected 


by screening (69% [2102 of 3063]).  Reviewers note there may be an error in the reported data for n/N 


with grades 1 or 2 because data in the baseline table sum to 2563/3022 (still 85%). 


Results 


Primary Outcome Targit n=1721 EBRT n=1730 Absolute difference; 


p-value 


Events/N; 


5-year cumulative risk % 


(95% CI)
65


 


   


Local recurrence, all 


patients
b
 


23/1679 


3.3% (2.1-5.1) 


11/1696 


1.3 (0.7-2.5) 


12 (2.0%); p=0.042 


Local recurrence, 


prepathology stratum 


10/1107 


2.1% (1.1 to 4.2) 


6/1127 


1·1% (0.5 to 2.5) 


4 (1.0%); p=0.31 


Local recurrence, 


postpathology stratum 


13/572 


5.4% (3.0 to 9.7) 


5/569 


1.7%(0.6 to 4.9)  


8 (3.7%), p=0.069 


Comments: 
b
 Patients who had undergone a mastectomy were not included in the analysis of local 


recurrence.   


An analysis of cumulative incidence for local recurrence in the presence of competing risks (death and 


withdrawal from trial) when compared to Kaplan-Meier estimates were no different indicating that the 


competing risks did not bias the main results.  Limiting analysis to the mature cohort (first reported in 


2010
64


) was undertaken but not reported in the 2014
65


 paper which states that it yielded much the 


same results as most events had occurred (32/34 local recurrences, 85/88 deaths). 


Local 


recurrence: 


Calculation 


of pnon-


inferiority
65


 


Median 


follow-up 


Events, 


n/N 


Absolute difference (90% 


CI) in the binomial 


proportions
c
 of ipsilateral 


local recurrence (Targit 


minus EBRT) 


Z score pnon-


inferiority 


Whole trial: 2 yr 5 months 34/3451 0.72% (0.2 to 1.3) -5.168 <0.0001 
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all patients 


Whole trial: 


Mature cohort 


3 yr 7 months 32/2232 1.13% (0.3 to 2.0) -2.652 0.0040 


Whole trial: 


Earliest cohort 


5 years 23/1222 1.14% (-0.1 to 2.4) -1.750 0.0400 


Prepathology: 


all patients 


2 yr 4 months 16/2298 0.37% (-0.2 to 1.0) -5.954 <0.0001 


Prepathology: 


Mature cohort 


3 yr 8 months 14/1450 0.6% (-0.3 to 1.5) -3.552 0.0002 


Prepathology: 


Earliest cohort 


5 years 9/817 0.76% (-0.4 to 2.0) -2.360 0.0091 


Postpathology: 


all patients 


2 yr 4 months 18/1153 1.39% (0.2 to 2.6) -1.503 0.0664 


Postpathology: 


Mature cohort 


3 yr 7 months 18/782 2.04% (0.3 to 3.8) -0.429 0.3339 


Postpathology: 


Earliest cohort 


5 years 14/405 1.8% (-1.2 to 4.8) -0.382 0.3511 


Comments: 
c  


Binomial proportion = number of recurrences/number of patients. 


The prespecified non-inferiority margin was 2.5%.  Mature cohort = participants previously reported 


on in 2010;
64


 earliest cohort excludes participants enrolled in the last 4 years of the study.   Non 


inferiority is established for the whole cohort and for pre-pathology patients but not for post-


pathology patients. 


Local recurrence in conserved breast for pre-


pathology stratum 


Absolute difference in 5-year Kaplan-


Meier estimate (SE) 


Whole cohort, n=2298, median follow-up 2yr 4 


months 


1.1 (0.2 to 1.9) 


Mature cohort, n=1450, median follow-up 3yr 8 


months 


1.1 (0.2 to 1.9) 


Earliest cohort, n=817, median follow-up 5yr 1.0 (0.1 to 1.9) 


Comments: Data estimated from graph (Fig 4) by reviewer using Engauge digitizing software. 


Unplanned post-hoc exploratory analyses are reported in the appendix (e-table 2) for primary and 


secondary outcomes in the following 3 groups: prepathology receiving Targit alone; prepathology 


receiving Targit + EBRT; postpathology receiving Targit alone.  These post-hoc, non-randomised 


data have not been extracted. 


Secondary Outcome: 


Mortality, Events n/N 


Targit EBRT Absolute difference; 


p-value 
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5yr cumulative risk (95% 


CI) 


Death, all patients 37/1721 


3.9% (2.7 to 5.8) 


51/1730 


5.3% (3.9 to 7.3) 


-14 (-1.4%); p=0.099 


Death, prepathology stratum 29/1140 


4.6% (1.8 to 6.0) 


42/1158 


6.9% (4.3 to 9.6) 


-13 (-2.3%) 


Death, postpathology 


stratum 


8/581 


2.8% (1.3 to 5.9) 


9/572 


2.3% (1.0 to 5.2) 


-1 (0.5%) 


Breast cancer mortality, all 


patients 


20/1721 


2.6% (1.5 to 4.3) 


16/1730 


1.9% (1.1 to 3.2) 


p=0.56 


Breast cancer mortality, 


prepathology stratum 


17/1140 


3.3% (1.9 to 5.8) 


15/1158 


2.7% (1.5 to 4.6) 


p=0.72 


Breast cancer mortality, 


postpathology stratum 


3/581 


1.2% (0.4 to 4.2) 


1/572 


0.5% (0.1 to 3.5) 


p=0.35 


Non-breast cancer mortality, 


all patients 


17/1721 


1.4% (0.8 to 2.5) 


35/1730 


3.5% (2.3 to 5.2) 


p=0.0086 


Non-breast cancer mortality, 


prepathology stratum 


12/1140 


1.3% (0.7 to 2.8) 


27/1158 


4.4% (2.8 to 6.9) 


p=0.016 


Non-breast cancer mortality, 


postpathology stratum 


5/581 


1.58% (0.62 to 3.97) 


8/572 


1.76 (0.7 to 4.4) 


p=0.32 


Comments:  In absolute terms in the Targit group compared to the EBRT group there were: 


In the Targit group overall 12 additional local recurrences and 14 fewer deaths 


In the Targit group, pre-pathology stratum 4 additional local recurrences and 13 fewer deaths 


In the Targit group, post-pathology stratum 8 additional local recurrences and one less death 


Non-breast cancer 


mortality, causes of death 


Targit n=1721 EBRT n=1730  


Other cancers 8 16  


Cardiovascular causes    


Cardiac
d
 2 8  


Stroke 0 2  


Ischemic bowel 0 1  


Other
e
 7 8  


Total 17 35  


Comments: 
d
 Included one “sudden death at home” in the EBRT group.  


e
 Targit: 2 diabetes, 1 renal 


failure, 1 liver failure, 1 sepsis, 1 Alzheimer’s disease, 1 unknown; EBRT: 1 myelopathy, 1 perforated 


bowel, 1 pneumonia, 1 old age, 4 unknown. 
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Overall mortality for pre-pathology stratum Absolute difference in 5-year Kaplan-


Meier estimate (SE) 


Whole cohort, n=2298, median follow-up 2yr 4 


months 


-2.3 (-0.7 to -3.9) 


Mature cohort, n=1450, median follow-up 3yr 8 


months 


-2.6 (-1.0 to -4.2) 


Earliest cohort, n=817, median follow-up 5yr -2.2 (-0.3 to -4.1) 


Comment: Data estimated from graph (Figure 4) in trial paper
65


 by reviewer using Engauge digitizing 


software. 


Secondary Outcome: 


Early
f
 complications 


Targit n=1113 EBRT n= 1119  


No. of complications per 


patient:
64


 


0 


1 


2 


3 


4 


5 


6 


Any complication
g
 


 


 


917/1113 (82.4%) 


151/1113 (13.6%) 


29/1113 (2.6%) 


11/1113 (1.0%) 


3/1113 (0.3%) 


2/1113 (0.2%) 


0/1113 


196/1113 (17.6%) 


 


 


946/1119 (84.5%) 


139/1119 (12.4%) 


27/1119 (2.4%) 


5/1119 (0.4%) 


0/1119 


0/1119 


3/1119 (0.3%) 


174/1119 (15.5%) 


 


 


NR 


NR 


NR 


NR 


NR 


NR 


NR 


χ2 1.74, p=0.19
c
 


Comments: 
f
 The 2010 paper


64
 does not indicate the time period over which these complications arose 


but the 2014
65


 paper describes them as ‘early complications’. 
g 
Targit vs EBRT for no complications 


vs any number of complications, degree of freedom = 1. Data are number of patients (%). 


Clinically significant 


complications
h
:
64


 


   


Haematoma needing surgical 


evacuation 


11/1113 (1.0%) 7/1119 (0.6%) 0.338 


Seroma needing more than 3 


aspirations 


23/1113 (2.1%) 9/1119 (0.8%) 0.012 


Infection needing i.v. 


antibiotics or surgical 


intervention 


20/1113 (1.8%) 14/1119 (1.3%) 0.292 


Skin breakdown or delayed 


wound healing
i
 


31/1113 (2.8%) 21/1119 (1.9%) 0.155 


RTOG toxicity grade 3 or 4
j
 6/1113 (0.5%) 23/1119 (2.1%) 0.002 
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Major toxicity
k
 37/1113 (3.3%) 44/1119 (3.9%) 0.443 


Comments: RTOG, Radiation Therapy Oncology Group. Data are number of patients (%).
h
 The 2010 


paper
64


 does not indicate the time period over which these complications arose but the 2014
65


 paper 


describes them as ‘early complications’. 
i
Some patients in 1


st
 3 rows could be included in 4


th
 row. 


j
No 


patient had grade 4 toxicity. 
k
Defined as skin breakdown or delayed wound healing and RTOG 


toxicity grade of 3 or 4. 


Complications arising 6 


months after 


randomisation
65


 


Targit n=1721 EBRT n=1730 p-value 


Wound related: 


Haematoma/seroma 


needing >3 aspirations 


 


4/1721 (0.2%)
l
 


 


2/1730 (0.1%)
l
 


 


Infection needing i.v. 


antibiotics or surgery 


12/1721 (0.7%)
l
 9/1730 (0.5%)


l
  


Skin breakdown or 


delayed wound healing 


3/1721 (0.2%)
l
 5/1730 (0.3%)


l
  


Total 19/1721 (1.1%) 16/1730 (0.9%) 0.599 


Radiotherapy-related: 


RTOG Grade 3 or 4 


toxicity  


4/1721 (0.2%) 13/1730 (0.8%) 0.029 


Comment:  It is not clear whether the complications arising 6 months after randomisation occurred in 


any of the same patients who are reported in the 2010 paper
64


 as having clinically significant 


complications. 
l
Percentages calculated by reviewer. 


Secondary outcome: 


extent of local surgery
64


 


Targit n=1113 Targit n=1119  


Specimen weight (g)
l
 46 (28-72) 47 (29-76)  


Margins at 1
st
 excision:     


Free 970/1072 (90.5%) 968/1073 (90.2%) NR 


DCIS only 46/1072 (4.3%) 43/1073 (4.0%) NR 


Invasive 56/1072 (5.2%) 62/1073 (5.8%) NR 


Unknown 41/1113 (3.7%) 46/1119 (4.1%) NR 


Re-excision for margins:    


Pre-pathology stratum 52/766 (6.8%) 67/768 (8.72%) NR 


Post-pathology stratum 27/347 (7.8%) 36/351 (10.3%) NR 


Total 79/1113 (7.1%) 103/1119 (9.2%) p=0.07 


Comments: DCIS, ductal carcinoma in situ. Data are median (IQR) or n/N (%). 
l
Specimen weights 







166 


 


available for n=614 (Targit) and n=605 (EBRT). The denominator for ‘unknown’ percentages is the 


number of randomised patients; the denominator for each category is the number of known cases. 


Percentages are rounded so may not add up to 100%.  Total pre-pathology 119 (7.8%) vs total post-


pathology 63 (9.0%), p=0.31. 


Exploratory Outcomes    


Any other recurrence, all 


patients 


46/1679 


4.9% (3.5 to 6.9) 


37/1696 


4.4% (3.0 to 6.4) 


9 (0.5%) 


Any other recurrence, 


prepathology stratum 


29/1107 


4.8% (3.1 to 7.3) 


25/1127 


4.7% (3.0 to 7.4) 


4 (0.1%) 


Any other recurrence, 


postpathology stratum 


17/572 


5.2% (3.0 to 8.8) 


12/569 


3.7% (1.9 to 7.0) 


5 (1.5%) 


Regional recurrence 


(axillary and 


supraclavicular) 


8/1679 6/1696 Log-rank p = 0.609 


Comments: Three of the 14 regional recurrences had breast recurrence as well (1 Targit; 2 EBRT).  


Although not explicitly stated it is presumed that these analyses were conducted post-hoc.  Other post-


hoc exploratory analyses indicated that there was no significant difference in the 5-year risk of 


regional recurrence, distant recurrence, any other recurrence or all recurrence (data not extracted).  


Post hoc exploratory analyses comparing all recurrence in pre- and post- pathology strata and loco-


regional recurrence in these two strata have also not been data extracted. 


Methodological comments  


 Allocation to treatment groups: Described in detail in the paper reporting initial results.
64


  


Randomisation schedules were generated centrally by computer and kept securely in two centres 


(Perth for Australian centres, London for all other centres). Requests for randomisation were 


made (before lumpectomy
65


) via phone or fax to one of the two centres where patient eligibility 


was checked. Treatment was allocated from a pre-printed randomisation schedule available to 


authorised staff only. Patients were randomly assigned in a 1:1 ratio with blocks stratified by 


centre and by timing of delivery of Targit therapy. The 2010 paper reporting initial results
64


 states 


that the latter (timing of delivery of Targit therapy) had three strata: pre-pathology entry, post-


pathology entry/Targit as a second procedure, and history of previous contralateral breast cancer. 


The 2014 paper
65


 describes and reports results for only two strata: prepathology and post-


pathology and states that the post-pathology stratum was added via a protocol amendment in 


2004.  This was because the option to provide IORT as a second procedure (by reopening the 


wound) was requested by some centres planning to join the trial.  The postpathology stratum had 


a completely separate randomisation table.  Post pathology patients had to be randomised within 


30 days of lumpectomy.
65
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 Blinding: No.  The paper reporting initial results
64


 states that neither patients, investigators nor 


teams were masked to treatment (though given the nature of the treatments, this would not have 


been possible). Individual centres were not blinded to their own patients. States that confidential 


unblinded reports for the Data Monitoring Committee (DMC) and blinded reports for the 


International Steering Committee (ISC) were produced by the trial statistician, but also states that 


unblinded analyses were performed according to a pre-specified statistical analysis plan. Hence, it 


is unclear whether the ISC reports were also unblinded.  For ascertainment of cause of death 


available data were reviewed by an independent senior clinician who was masked to 


randomisation.
65


 


 Comparability of treatment groups: p values are presented
65


 indicating no statistically significant 


differences in baseline characteristics between the groups.    States that there was no significant 


difference between prepathology and postpathology strata in the timing of delivery of EBRT 


(p=0.58).
65


 


 Method of data analysis: All randomised patients were included in an ITT analysis. Patients who 


had undergone a mastectomy were not included in the analysis of local recurrence.
65


 The separate 


analysis of the prepathology and post-pathology strata was planned.
65


  A formal analysis for 


deaths from cardiovascular causes and deaths from other cancers was prespecified.
65


  Exploratory 


analyses (presumably not prespecified) were conducted for regional recurrence, loco-regional 


recurrence, distant recurrence, any other recurrence, and all recurrence.
65


 


 In the 2010 paper reporting initial results:
64


 For the analysis of local recurrence, patients who 


underwent mastectomy as their definitive surgery and those who died or withdrew consent for 


further follow-up were censored on that date. All other recurrences in the conserved breast, but 


not axilla, were analysed and Kaplan-Meier curves were plotted to account for time to event 


and censoring of the data and included all patients. Analysis of the annual hazards of local 


recurrence was restricted to 4 years as <20% patients had follow-up beyond this point. SAS 


System version 9.2 for Windows XP and STATA version 11.0 were used for data compilation 


and analysis. Pearson χ
2
 test and log-rank test were used to obtain p-values. Analysis done in 


accordance with consort guidelines. 


 In the 2014 paper:
65


 The non-inferiority statistic was analysed by calculating the difference in 


binomial proportions of local recurrences in the conserved breast between the two randomised 


groups (Targit vs EBRT).  To assess stability over time this statistic was also calculated for the 


mature cohort (n=2232) reported in 2010,
64


 and for the earliest cohort (excluding the last 4 


years of enrolment; n=1222) who had a median follow-up of 5 years.  Established methods 


were used to calculated the Z score and pnon-inferiority for the whole cohort and the two 


prespecified strata (prepathology and postpathology).  Overall mortality was also reported for 


the whole cohort, the mature cohort and the earliest cohort.  If a patient had at least 5 years of 
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follow-up, or if they were seen within the year before database lock they were deemed to have 


adequate follow-up.  Patients were censored when last seen or withdrawn from the trial. SAS 


System version 9.3, Excel 2011, STATA version 12.0 and SPSS version 20.0 were used for 


data compilation, validation and analysis.  A log-rank test was used to compare the difference 


between survival function and to obtain p-values (significance levels set at p<0.01 for local 


recurrence and p<0.05 for survival). 


 Sample size/power calculation: Described in detail in the paper reporting initial results.
64


  The 


pre-defined non-inferiority margin was an absolute difference of 2.5% in the primary endpoint 


between groups. To test for non-inferiority with a background recurrence rate of 6% and an 


absolute non-inferiority margin of 2.5%, a total sample size of 2232 patients was calculated for 


80% power at a 5% significance level.  Randomisation continued after the initial analysis in 2010 


to allow accrual in sub-protocols and the trial was closed after the planned 1200 additional 


patients (1219 accrued) had been accrued.
65


 


 Attrition/drop-out: 


 2010 paper
64


 Targit 17/1113 (1.5%) (4 withdrawn, 13 unknown); EBRT 28/1119 (2.5%) 


(11withdrawn, 17 unknown).  Received allocated treatment:
64


 Targit 996/1113, EBRT 


1025/1119.   


 2014 paper:
65


 Targit 9/1721 withdrawn; 141 did not receive allocated treatment (78 received 


EBRT, 42 had mastectomy, 21 received neither Targit nor EBRT), 1571/1721 (91%) received 


allocated treatment (239/1571 [15.2%] received Targit+EBRT; 1332/1571 [84.8%] received 


Targit alone).  EBRT 27/1730 withdrawn, 113 did not receive allocated treatment (12 received 


Targit, 14 received Targit+EBRT, 34 had mastectomy, 53 received neither Targit nor EBRT), 


1590/1730 (92%) received allocated treatment . 


States that 93.7% (3234/3451) of patients were seen in year before datalock or had at least 5 


years of follow-up. 


General comments 


 Generalisability: Women with early breast cancer (though definition of ‘early’ is vague); 


international study with 6 of 33 centres in the UK. Unsure whether population is typical of those 


with early breast cancer. Also unclear how similar the EBRT treatment is to standard EBRT in the 


UK. 


 Outcome measures: Outcomes reported are appropriate. Outcomes reported in linked publications 


though are from only one or two participating centres, not for the whole trial population. 


 Inter-centre variability: Teams at each centre were trained and audited by a member of the trial 


ISC.
64


 Observation of the baseline stratification data
64


 show differences between centres in the 


number of patients entering the trial according to the three timings of delivery strata, particularly 


pre-pathology and post-pathology. 7 centres had patients in all 3 strata, 10 centres had patients in 
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2 strata (pre- & post-pathology n=3, pre-pathology & contralateral n=6, post-pathology & 


contralateral n=1), 11 centres had patients in 1 stratum only (pre-pathology n=8, post-pathology 


n=3).
64


 Centres were allowed to restrict the inclusion criteria beyond the core protocol (e.g. age, 


tumour size, grade, node) and to stipulate local policy for the delivery of EBRT. Results are not 


presented by treatment centre nor any comment made in the text so inter-centre variability in 


outcomes is unknown.  


 Conflict of interests: Appear the same for both the 2010
64


 and 2014
65


 papers.   Lead author 


received a research grant from Photoelectron Corp and Carl Zeiss and also honoraria; one author 


receives monthly consultancy fees from Carl Zeiss; one author has received a research grant and 


two authors have received honoraria from Carl Zeiss; Carl Zeiss sponsors most of the travel and 


accommodation costs for meetings/conferences relating to Targit.  Only 3 authors’ 


travel/accommodation had not been sponsored by Carl Zeiss. 


 Other: Pivotal trial for Targit (Intrabeam). Registered with ClinicalTrials.gov number 


NCT00983684.  


 


Cochrane criteria for assessment of 


risk of bias in RCTs
56


 


Judgement
a
 Support for Judgement 


Selection bias 


Random sequence generation Low risk Computer-generated randomisation schedules 


Allocation concealment Low risk Central allocation 


Performance bias 


Blinding of participants and personnel Low risk Patients nor investigators were blinded. 


However, outcomes were unlikely to be 


influenced by lack of blinding. 


Detection bias 


Blinding of outcome assessment Low risk Some investigators and teams were not 


blinded and it is not clear whether all the 


analyses were performed unblinded. However, 


most outcomes were objective measures and 


hence unlikely to be influenced by lack of 


blinding. 


Attrition bias 


Incomplete outcome data addressed Low risk Low proportion of withdrawals and 


participants not receiving allocated treatment 


(reasons similar between groups).  Analyses 


by ITT. 







170 


 


Reporting bias 


Selective reporting Low risk The protocol is available online 


(www.hta.ac.uk/project/1981.asp) and 


specifies all outcomes including relapse-free 


survival and overall survival (as a secondary 


outcome). 


Other bias 


Other sources of bias Low risk None evident. 


a
 ‘Low risk’, ‘high risk’ or ‘unclear risk’ of bias 


 


 


Reviewer 1: DH 


Date: 5/11/13 


Reviewer 2: JP 


Date: 19/11/13 


Version: 3 


(Reviewer JC replaces DH 


08/04/14) 


Linked study reference Participants  Outcome measures 


Sub-study of Targit A trial:
64;65


 


Welzel et al., 2013
63


 


 


Aim of sub-study: To assess 


radiation-related QoL 


parameters in a sample of 


patients within the Targit RCT. 


 


Number of centres contributing 


data: 1 


 


Location of centres contributing 


data: Mannheim, Germany 


N=152
64


 


 


Other: Cross-sectional analysis 


using retrospective QoL 


questionnaires  


 


Recruitment dates: June 2002 to 


Feb 2009 (consented during 


Number of randomised 


participants: n = 123 eligible 


(aim was to assess the first 123 


women accrued to Targit trial at 


this centre), n=88 received 


questionnaires (ITT), n=87 


included in As Treated analysis  


 


Targeted intraoperative 


radiotherapy (Targit), n= 46* 


ITT, (n=41 As Treated) 


Whole breast external beam 


radiotherapy (EBRT), n= 42 


ITT, (n=46 As Treated). 


 


(*Further split into IORT 


(n=30) and IORT with EBRT 


boost (n=16) original 


allocation). 


 


Doses:  


Outcomes: Radiation-related 


quality of life measures 


 


Method of assessing outcomes: 


2 validated questionnaires of the 


European Organisation for 


Research and Treatment of 


Cancer (EORTC): QoL 


questionnaire C30 (QLQ-C30, 


version 3) for global health 


status, role functioning and 


general pain; Breast Cancer 


Module (QLQ-BR23) for breast 


symptoms and arm symptoms. 


The time frame for these 


questions was the situation in 


the last week. 


  


Length of follow-up: 


Mean 32.1 months (median 25 


months, range 9 to 94) 



http://www.hta.ac.uk/project/1981.asp
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Targit trial). Questionnaires sent 


out 8 to 94 months following 


treatment. 


 


IORT: 20Gy at applicator 


surface during surgery; 


IORT-EBRT: additional boost 


of 46Gy in 23 fractions or 50Gy 


in 25 fractions; 


EBRT: 56Gy in 28 fractions (no 


additional boost).  


 


Additional inclusion criteria 


(beyond those of Targit): 


Patients had to be randomised 


in the Targit trial between 2002 


and 2009 to qualify. 


 


Additional exclusion criteria 


(beyond those of Targit):  


None reported. 


Results 


QoL outcome, ITT analysis Targit n=46 (IORT 


n=30, IORT+EBRT 


n=16) 


EBRT n=42  


N
a
 Mean (SD) N


a
 Mean (SD) p-value 


Global health status
b
 46 61.6 (21.7) 40 54.8 (19.9) 0.183 


Restrictions in daily activities
b
 46 72.8 (32.3) 41 61.8 (29.2) 0.055 


General pain
c
 46 29.3 (32.8) 42 42.5 (33.0) 0.048 


Breast symptoms
c
 45 17.0 (20.8) 42 18.1 (20.2) 0.629 


Arm symptoms
c
 45 24.4 (26.7) 40 31.1 (27.9) 0.279 


QoL outcome, As-treated 


analysis, mean (SD) 


IORT n=25 IORT-EBRT 


n=16 


EBRT n=46 p-value 


Global health status
b
 63.6 (24.2) 60.9 (19.9) 52.4 (22.1) >0.01 


Restrictions in daily activities
b
 78.7 (35.2) NR 60.5 (29.5) 0.007


e
 


General pain
c,d


 21.3 (95% CI 


NR
h
 to 54.4) 


43.7 (95% CI 


11.6 to 75.9) 


40.9 (95% CI 


8.6 to 73.2) 


0.007
e
 


0.018
f
 


Breast symptoms
c,d


 7.2 (95% CI 


NR
h
 to 20.9) 


29.7 (95% CI 


6.8 to 52.5) 


19.0 (95% CI 


NR
h
 to 39.2) 


0.001
e
 


<0.001
f
 


0.021
g
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Arm symptoms
c,d


 15.2 (95% CI 


NR
h
 to 37.2) 


32.6 (95% CI 


6.8 to 58.4) 


32.8 (95% CI 


4.2 to 61.5) 


0.009
e
 


0.011
f
 


Frequency of moderate and 


severe breast/arm 


symptoms,
i
 As-treated 


analysis, % moderate / % 


severe 


IORT n=25 IORT-EBRT 


n=16 


EBRT n=46 p-value 


Pain in area of affected breast 4% / 0 25% / 13% 11% / 4% >0.01 


Swelling in area of affected 


breast 


0 / 0 7% / 7% 4% / 2%  


Oversensitivity in area of 


affected breast 


4% / 0 20% / 7% 9% / 7%  


Skin problems on or in area of 


affected breast 


4% / 4% 13% / 6% 9% / 4%  


Pain in arm or shoulder 8% / 8% 33% / 20% 18% / 23% >0.01 


Swelling in arm or hand 8% / 4% 6% / 6% 9% / 7%  


Difficulty in raising or moving 


arm sideways 


20% / 0 13% / 7% 24% / 12% >0.01 


Comments: NR, not reported. 
a
Number of valid assessments. 


b
higher scores are equal to good 


functioning/good quality of life; 
c
higher scores are equal to severe symptoms/worse quality of life. 


d
Figures estimated from graph (4C) by reviewer using Engauge digitizing software. 


e
IORT vs EBRT; 


f
IORT vs IORT-EBRT; 


g
EBRT vs IORT-EBRT.


 h
Lower CI not specified on bar chart. 


i
Reported by 


patients. Most commonly reported symptoms were moderate or severe pain in the arm or shoulder, 


difficulty in raising/moving arm sideways and pain in area of affected breast. States there were no 


significant differences between treatment groups (p>0.01) but unclear whether this relates to the 3 


most common symptoms or all the symptoms.  


All scores were linearly transformed to a 0-100 point scale. Univariate regression analysis revealed no 


influence of follow-up duration on self-reported pain, breast and arm symptoms. Between-group 


differences in the HADS, FACT-F, RSES and BIS scores were not observed (p>0.01) (no data 


reported). 


Paper also reported the percentage of variance explained by multiple linear regression modelling in a 


bar chart. Having 2 or more medical co-morbidities was associated with worse global health status, 


more restrictions in other daily activities, i.e. worse role functioning and more general pain symptoms 


(p=0.004 to 0.043) (data not extracted). Breast and arm symptoms were independently predicted by 


tumour size >2cm (p=0.003 and 0.002) (data not extracted). 


Methodological comments  







173 


 


 Comparability of substudy population to main Targit-A trial population: Narratively reports that 


compared to patients in the whole Targit-A trial, patients in this substudy had largely similar 


demographic and clinical characteristics. On observation of the data, reviewer would agree on the 


whole (though not all characteristics are presented in the substudy), although a lower proportion 


of the subsample had tumour size 0-1cm and a greater proportion had tumour size 1-2cm 


compared to the whole Targit-A population for both treatment arms.  


 Comparability of substudy treatment groups: Demographic and clinical characteristics were 


similar between groups. P values were reported and there were no statistical differences although 


presume this was for comparison of the 3 groups (i.e. IORT arm was split into IORT alone and 


IORT-EBRT boost) and not IORT as a whole vs EBRT. 


 Method of data analysis: Reports all analyses were performed on an ITT and as-treated basis. The 


level of statistical significance was 0.01 (0.05/5) to reduce type-1 error in multiple comparisons. 


Chi-squared tests (or Fisher’s exact tests), Kruskal-Wallis one-way ANOVA, and post-hoc Mann-


Whitney U-tests (or univariate ANOVA and post-hoc Scheffe tests) were used to compare 


treatment groups. Independent effects of demographic and clinical factors on QoL were tested 


using univariate linear regression analysis. Variables with a p-value <0.05 were further analysed 


with multiple linear regression analysis (stepwise forward method). The results from Targit-A 


patients were presented throughout as 3 groups with the IORT group split into IORT and IORT 


with EBRT boost. 


 Attrition/drop-out: The main trial publication
64


 indicates that there were 152 participants at the 


Mannheim centre (for recruitment 24
th
 Mar 2000 to June 2012).  This linked sub-study aimed to 


assess the first 123 patients recruited from this centre (recruited June 2002- Feb 2009), with 88 


patients consenting (88/152=58%).  Data are reported for the ITT (n=88) and As Treated (n=87) 


populations. 5 patients did not receive IORT (4 received EBRT instead and 1 patient refused 


EBRT). It is not possible to assess whether there are any other missing data as no ‘n’ is reported 


for tables or figures. However, none are apparent to the reviewer. 


 Other: The paper includes an additional 2 non-randomised control groups of EBRT patients (from 


the same centre) treated with (1) IORT as a tumour bed boost + EBRT (outside of Targit-A trial) 


or (2) EBRT + EBRT boost. These groups served as control groups for some analyses but are not 


reported on here. 


General comments 


 Generalisability: This substudy reports on only 46 IORT and 42 EBRT group participants from 


the Targit-A trial representing only about 2.5% of the total trial population of 3451 randomised 


participants (1721 Targit, 1730 EBRT).
65


 It is not clear how generalisable the results are to the 


remainder of the Targit-A trial population or to UK breast cancer patients. 


 Outcome measures: Questionnaire response rate was 96-99%. The five functioning and symptom 
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scales of the QLQ-C30 and QLQ-BR23 questionnaires were preselected during the design of the 


study based on a pilot study and relevance for radiation-related QoL in breast cancer. Other 


subscales and items of the questionnaires were not presented. Also states that 4 other QoL scales 


were used -  the Hospital Anxiety and Depression Scale (HADS), the Functional Assessment of 


Cancer Therapy-Fatigue (FACT-F) subscale, the Rosenberg Self-Esteem Scale (RSES) and the 


Body Image Scale (BIS) to control for differences that may inherently exist between treatment 


groups. Scores for each questionnaire were summed for each scale. However, the paper only 


narratively comments on differences between groups for these scales (no data). 


On observation of the data, ITT and As Treated QoL outcomes seem similar for the EBRT group 


but difficult to judge for the IORT group because of the way data is presented – for ITT results, 


IORT and IORT+EBRT are presented as a single group whereas for As Treated results, IORT 


alone and IORT+EBRT are reported separately.  


Partial quality assessment 


A complete risk of bias assessment has been conducted for the main Targit A trial.
64


  Only the criteria 


which could potentially differ in the sub-study are reported here.   


Cochrane criteria for assessment of 


risk of bias in RCTs
56


 


Judgement
a
 Support for Judgement 


Performance bias 


Blinding of participants and personnel 


in the HRQoL substudy 


High risk As part of the Targit-A trial neither patients 


nor investigators were blinded and the 


outcome could potentially be influenced by 


the lack of blinding. 


Detection bias 


Blinding of outcome assessment Unclear risk No information provided regarding blinding 


(or lack of) for the assessment of QoL 


measures.  


Attrition bias 


Incomplete outcome data addressed Low risk Reason for loss of one patient given. 


Other bias 


Other sources of bias Unclear risk Retrospective questionnaire with no baseline 


QoL measurement. 


a
‘Low risk’, ‘high risk’ or ‘unclear risk’ of bias 
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Appendix 5 SHTAC critique of Manufacturer’s submission 


 


SHTAC peer review of clinical effectiveness data presented in Carl Zeiss UK’s submission for 


the INTRABEAM Photon Radiotherapy system for early breast cancer MTA 


 


Comprehensiveness of ascertainment of published studies 


Clinical effectiveness:  


The MS contains a narrative summary of the key RCT and other studies (non-randomised) with the 


results of each study presented separately.  One table is presented in the executive summary detailing 


nine studies reporting on cosmesis and toxicity.  Tables of patient and tumour characteristics are 


presented separately for each included study in Appendix 1.  There is no formal systematic review of 


clinical effectiveness evidence although a systematic literature search is described. 


 Were databases and dates of searches specified? 


Yes, pages 6 & 7 report that 3 databases were searched up to December 2013 with literature 


included only from 2007 onwards. 


 Were search strategies supplied? 


Yes 


 Was enough detail provided to be reproducible? 


Yes 


 Did they search/report on ongoing studies? 


No searches for ongoing studies are reported 


 Did they search for conference proceedings? 


Unclear - conference proceedings may have been included in the 3 databases searched but this is 


not specifically stated.  Information is included from some conference posters. 


 How much of the data is CIC/AIC? 


No data are CIC/AIC 


 


Searches identified:  


 Note the number of studies  


The MS does not state how many citations were identified by the search.  The MS does not 


describe the processes or criteria (other than ‘related to the subject to be evaluated’) for selecting 


included studies.  The MS does not state how many studies overall have been included in the 


submission.  The reviewer has identified 26 studies, of which 6 are described as poster abstracts. 


 Note what study types 


The MS does not consistently identify the study types for the studies included in the review.  


Only one RCT is included, the majority of the remaining 25 citations appear to be cohort studies. 


 Did these meet our inclusion criteria 
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The included RCT meets our inclusion criteria as do the studies reporting on subgroups of Targit-


A participants.  The remaining studies included in the MS did not meet our inclusion criteria, 


chiefly on the grounds of study design. 


 Were any studies identified that we have not included? 


No 


 Any key details/issues 


No 


 


Clinical Analysis:  


 Any major differences in evidence reported? 


The MS discusses evidence from 4 articles which are all based on the key Targit-A trial and 


which are also included in the SHTAC systematic review.  The MS has not included evidence 


from the initial Targit-A trial publication from 2010
64


 stating that this is because more recent data 


are available and the 2010 results are expected to be included in the most recent (2014) 


publication.
65


  The SHTAC systematic review does include evidence on early complications from 


the 2010 Targit-A trial publication since these are not reported by the more recent 2014 trial 


paper.  The MS also does not include a study published by Sperk et al.
74


 reporting on Long-term 


toxicity following treatment either with the INTRABEAM (n=54) device or EBRT (55) at one 


trial centre in Mannheim, Germany.  The MS however does include a cohort study (Tuschy et al. 


2013
77


 that reports on post-operative complications within the first week following surgery 


among 208 patients treated with INTRABEAM at a centre in Mannheim Germany who were 


participating in the Targit-A trial.  Tuschy et al.
77


 is excluded from the SHTAC systematic 


review because it is likely that the data reported are either partially or wholly contained within 


the early complications reported by the initial Targit-A trial publication
64


 and in addition Tuschy 


et al.
77


 report no comparable data for the EBRT group. 


 


The MS also discusses evidence from n=22 studies (6 only reported as conference abstracts) that 


did not meet the inclusion criteria of the SHTAC review.   


 


The MS provides a narrative summary for each individual study that has been included.  


Individual tables of baseline patient characteristics for 13 of the included studies are provided in 


an appendix.  Aside from one table for 8 of the 9 studies listed in section 1.2 “Literature related 


to side effects and cosmetic outcome after IORT as a single treatment” the MS does not provide 


summary tables for the included studies.  There is no quality assessment of the included studies. 
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 Are their conclusions similar to ours? 


In the MS section ‘Interpretation of clinical evidence’ subsections a, b, and c the focus is on the 


Targit-A trial data, and consequently, with only 1 included trial there is no evidence to draw 


together and interpret.  Therefore for the outcomes of recurrence and overall survival the MS and 


the SHTAC systematic review report on the same data as published in the 2014 Targit-A trial 


publication.
65


  


 


In some of the remaining subsections of the MS ‘Interpretation of clinical evidence’ the MS 


discusses evidence for outcomes which are also included in the SHTAC systematic review (e.g. 


subsection d: cosmetic outcome and toxicities, subsection f: quality of life) drawing not only on 


evidence from the Targit-A trial but also on evidence from included cohort studies which support 


the data from the Targit-A trial.  Where the SHTAC review reports a small amount of additional 


information on early complications reported by the initial Targit-A trial publication
64


 this does 


not impact on the overall conclusions.  Other subsections of the MS ‘Interpretation of clinical 


evidence’ draw on cohort or other non-RCT studies to provide information to support other 


hypotheses which are not included within the SHTAC systematic review (e.g. subsection e: Side 


effects and impacts on critical organs are less in IORT than EBRT, subsection g: IORT can be 


administered to patients where EBRT is not advised, subsection i: Low risk of inducing 


secondary cancer). 


 


 Any indirect comparisons, if so was this appropriate, and what were key results? 


There is no indirect comparison. 


 


 Any extra adverse event info? 


None that meets the inclusion criteria for the SHTAC systematic review. 


 


 


Interpretation:  


 Does their interpretation of the clinical data match their analyses? 


As already noted above with only 1 included trial there is no evidence to draw together and 


interpret. 


 


Questions: 


Any areas of uncertainty/discrepancy compared with the SHTAC review? 


None related to the key Targit-A trial.  Other evidence presented by the MS does not meet the 


inclusion criteria for the SHTAC systematic review. 
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SHTAC critique of economic evaluation presented in Carl Zeiss UK’s submission for the 


INTRABEAM Photon Radiotherapy system for early breast cancer MTA 


 


Study Characteristics 


1 Reference 


Carl Zeiss UK, 2014
97


 


1.1 Health technology 


INTRABEAM Photon Radiotherapy System 


1.2 Interventions and comparators 


What interventions/ strategies were included? 


INTRABEAM versus Whole Breast External Beam Radiotherapy (WB-EBRT) 


 


Was a no treatment/ supportive care strategy included? 


No 


 


Describe interventions/ strategies 


New Innovative TARGeted Intra Operative Radio Therapy (IORT) using the INTRABEAM 


radiotherapy system. 


Conventional therapy consisting of WB-EBRT. 


 


1.3 Research question 


What are the stated objectives of the evaluation? 


To determine the cost-effectiveness of INTRABEAM in early breast cancer patients when 


compared with radiotherapy usually given in the UK over 3-6 weeks as WB-EBRT. 


1.4 Study type        Cost-effectiveness/ cost-utility/ cost-benefit analysis? 


 Cost-utility analysis 


1.5 Study population 


What definition was used for [condition]? What are the characteristics of the baseline cohort for 


the evaluation? 


The baseline cohort included patients aged 55 years who were disease free after wide local 


excision. The economic model was based on the results of the pre-pathology stratum of the trial 


with 2298 patients (this was because the outcome in patients in whom IORT was given only after 


the final pathology showed much less favourable results than in the patients who received IORT 


during lumpectomy).  
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1.6 Institutional setting      Where is/are the intervention(s) being evaluated usually provided? 


Not reported 


1.7 Country/ currency 


Has a country setting been provided for the evaluation? What currency are costs expressed in and 


does the publication give the base year to which those costs relate? 


UK; £  


Price year for cost of INTRABEAM was unknown as based on expert opinion; price year of 


EBRT was 2012-13;  the price year of post IORT local recurrence and post EBRT local 


recurrence was of 2013-14; and that of annual disease free follow up care was 2013*. 


*The cost was calculated to 2013 price using CCEMG - EPPI-Centre Cost Converter. 


 


1.8 Funding source 


Carl Zeiss UK. 


1.9 Analytical perspective 


What is the perspective adopted for the evaluation (health service, health and personal social 


services, third party payer, societal (i.e. including costs borne by individuals and lost 


productivity)? 


NHS healthcare payer’s perspective.  


The manufacturer submission notes that travel/parking/accommodation expenses for EBRT 


patients were not included in the EBRT costs (it was stated that these expenses might range from 


£50-100 per patient per fraction delivered). 


2 Effectiveness 


 


Were the effectiveness data derived from: a single study, a review/ synthesis of previous studies 


or expert opinion? Give the definition of treatment effect used in the evaluation. Give the size of 


the treatment effect used in the evaluation 


Data for effectiveness were derived from a single study by Vaidya and colleagues.
65


 The source 


study reported 5-year cumulative risk which were converted to annual probabilities to populate 


the model by the manufacturer. 


 


Parameters Probabi


lities 


Local recurrence after IORT 0.004 


Local recurrence after EBRT 0.002 


Breast cancer death after IORT 0.007 


Non breast cancer death after IORT 0.003 
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Breast cancer Death after EBRT 0.005 


Non breast cancer death after EBRT 0.009 
 


3 Intervention Costs 


Were the cost data derived from: a single (observational) study, a review/ synthesis of previous 


studies expert opinion? Were the methods for deriving these data adequately described (give 


sources if using data from other published studies)? List the direct intervention costs and other 


direct costs used in the evaluation – include resource estimates (and sources for these estimates, 


if appropriate) as well as sources for unit costs used. 


Cost data were obtained from the following sources: expert opinion, Reference cost 2012-13, 


tariff information 2013-14, and the study by Wolowacz and colleagues.
99


 The methods of 


deriving costs were not adequately described.  


The following costs were used in the model: 


Costs Price


s 


Source 


Costs of INTRABEAM £ 21


65 


Expert opinion 


Costs of EBRT £ 75


21 


HRG code SC29Z (Reference Cost 2012-13)  


Cost of treating post 


IORT LR ( salvage 


lumpectomy) 


£ 15


58 


HRG code JA09H (Tariff Information 2013-


14) 


Cost of treating post 


EBRT LR (salvage 


mastectomy) 


£ 65


04 


HRG code JA16Z   (Tariff Information 2013-


14) 


Annual disease free 


follow up care 


£ 89


2 


Wolowacz 2008 


 


3.1 Indirect Costs (costs due to lost productivity, unpaid inputs to patient care) 


Were indirect costs included? 


Not included 


4 Health state valuations/ utilities (if study uses quality of life adjustments to outcomes) 


Were the utility data derived from: a single (observational) study, a review/ synthesis of previous 


studies expert opinion. Were the methods for deriving these data adequately described (give 


sources if using data from other published studies)? 


The utility data were derived from a single study by Hayman and colleagues.
96


 The method of 


deriving these values was not reported. 
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4.1 List the utility values used in the evaluation? 


Health state Utilit


ies 


Utility value in disease free patients 0.92 


Utility value in salvage lumpectomy 


patients 


0.87 


Utility value in salvage mastectomy 


patients 


0.82 


 


 


5 Modelling 


If a model was used, describe the type of model used (e.g. Markov state transition model, 


discrete event simulation). Was this a newly developed model or was it adapted from a 


previously reported model? If an adaptation, give the source of the original. What was the 


purpose of the model (i.e. why was a model required in this evaluation)? What are the main 


components of the model (e.g. health states within a Markov model)? Are sources for 


assumptions over model structure (e.g. allowable transitions) reported – list them if reported. 


A multi- state Markov model was developed, over a time-horizon of 20 years. It was not reported 


if the model was newly developed or adapted from a previously reported model.  


The purpose of the model was to assess the cost-effectiveness of INTRABEAM compared to 


WB-EBRT. The model consisted of 4 health states as shown in the figure: 


 


 


 


No description was provided on patient progression through the health states. The model 
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assumptions were:  


 After local recurrence IORT patients would have salvage lumpectomy 


 After local recurrence EBRT patients would have salvage mastectomy 


 Death rate in disease free patients was equal to general population  


 Average 23 fractions of EBRT per patient delivered based on 15-30  fractions in the clinical 


practice  


 All patients were given IORT concurrent with initial lumpectomy (pre-pathology stratum of 


TARGIT-A trial) 


 


5.1 Extract transition probabilities for [natural history/disease progression] model and show 


sources (or refer to table in text). 


Data for transitional probabilities were extracted from Vaidya and colleagues.
65


 


 


Transitions An


nu


al 


pro


b. 


95% CI* 


Local recurrence after IORT 0.0


042 


0.0022-


0.0085 


Local recurrence after EBRT 0.0


022 


0.0010- 


0.0051 


Breast cancer death after IORT 0.0


067 


0.0038-


0.0119 


Non breast cancer death after 


IORT 


0.0


026 


0.0014-


0.0057 


Breast cancer Death after EBRT 0.0


055 


0.0030-


0.0094 


Non breast cancer death after 


EBRT 


0.0


090 


0.0057-


0.0142 


*: Rounded to 4 decimal places 


 


5.2 What is the model time horizon? 


20 years 


5.3 What, if any, discount rates have been applied in the model? Same rate for costs and 


outcomes? 







183 


 


Costs and outcomes were discounted at 3.5% 


 


6 Results/ Analysis 


What measure(s) of benefit were reported in the evaluation? 


Cost per QALY 


 


6.1 Provide a summary of the clinical outcome/ benefits estimated for each intervention/ strategy 


assessed in the evaluation 


 


Strategies Total QALYs 


(discounted) 


IORT 13.230 


WB-EBRT 13.223 
 


6.2 Provide a summary of the costs estimated for each intervention/ strategy assessed in the 


evaluation 


 


Strategies Total Costs 


(discounted) 


IORT £14,461 


WB-EBRT £20,926 
 


6.3 Synthesis of costs and benefits – are the costs and outcomes reported together (e.g. as cost-


effectiveness ratios)? If so, provide a summary of the results. 


 


 vs WB-EBRT 


Incremental 


Costs 


(discounted) 


Incremental QALYs 


(discounted) 


ICER 


IORT -£6,465 0.007 Dominate


s 
 


6.4 Give results of any statistical analysis of the results of the evaluation. 


None 


6.5 Was any sensitivity analysis performed – if yes, what type(s) (i.e. deterministic (one-way, 


two-way etc) or probabilistic). 


Probabilistic sensitivity analyses (ran for 1000 simulations) 


6.6 What scenarios were tested in the sensitivity analysis? How do these relate to structural 


uncertainty (testing assumptions over model structure such as relationships between health states), 
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methodological uncertainty (such as choices of discount rate or inclusion of indirect costs) or 


parameter uncertainty (assumptions over values of parameters in the model, such as costs, quality 


of life or disease progression rates)? 


No scenario analysis was conducted 


6.7 Give a summary of the results of the sensitivity analysis – did they differ substantially from 


the base case analysis. If so, what were the suggested causes? 


None; it was only reported that probabilistic results were similar to the base case results however 


no one-way sensitivity analysis was conducted. 


 


7 Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


The authors concluded that INTRABEAM was a cost-effective strategy to treat early stage breast 


cancer patients in the UK. 


7.1 What are the implications of the evaluation for practice? 


The manufacturer submission stated that INTRABEAM could save valuable NHS resources in 


comparison to the current practice of EBRT. 


 


8 SHTAC Commentary 


Selection of comparators:  


Number of fractions (23) for the EBRT arm was not relevant to UK practice 


Validity of estimate of measure of benefit:  


The manufacturer’s model assessed health benefit in terms of QALYs which was a valid measure 


of health in the UK NHS setting. Standard gamble was used to estimate utilities in the source 


study which was a 1997 publication;
96


 the reported values were not obtained from general 


population. In addition, no details were provided regarding whether a systematic search was 


conducted to identify utilities for the model. 


Validity of estimate of costs:  


The validity of the costs estimates remained questionable. The cost of INTRABEAM per patient 


was obtained from expert opinion. The manufacturer provided the cost compositions of 


INTRABEAM, however it was not transparent in explaining the assumed cost per patient. In 


addition, cost of WB-EBRT was obtained from inappropriate HRG code: the code used in the 


model for EBRT was for “Other Radiotherapy treatment”. On the contrary, the HRG code 


required for the purpose of this analysis was “external beam radiotherapy delivered by linear 


accelerator” which required the weighted average of SC22Z & SC23Z (for delivery) and a 


weighed average SC45Z, SC46Z, SC47Z and SC48Z (for planning). Costs were only varied by 


±10% in PSA. There were also inconsistencies in the price years of the reported costs: cost of 
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WB-EBRT was expressed in 2012-13; costs of treating post IORT local recurrence and post 


EBRT local recurrence were in 2013-14; and cost of annual disease follow-up was in 2013. 


 


Table 3: Critical appraisal checklist of economic evaluation (Questions in this checklist 


based on Philips et al
58


) 


 Item MS 1 


1 Is there a clear statement of the decision 


problem? 


Yes 


2 Is the comparator routinely used in UK 


NHS? 


?
a 


3 Is the patient group in the study similar to 


those of interest in UK NHS? 


?
b 


4 Is the health care system comparable to UK? Yes 


5 Is the setting comparable to the UK? Yes 


6 Is the perspective of the model clearly 


stated? 


Yes 


7 Is the study type appropriate? Yes 


8 Is the modelling methodology appropriate? ?
c
 


9 Is the model structure described and does it 


reflect the disease process? 


Yes
d
 


10 Are assumptions about model structure listed 


and justified? 


No 


11 Are the data inputs for the model described 


and justified? 


No 


12 Is the effectiveness of the intervention 


established based on a systematic review? 


No
e 


13 Are health benefits measured in QALYs?  Yes 


14 Are health benefits measured using a 


standardised and validated generic 


instrument? 


              Yes
f 


15 Are the resource costs described and 


justified? 


No 


16 Have the costs and outcomes been Yes 







186 


 


discounted? 


17 Has uncertainty been assessed?   ?
g
 


18 Has the model been validated?  No 


Yes / No / ? (unclear) 


a: 
Different number of fractions used in the model (23) than in the UK practice which is to include 


15 fractions.  However in the TARGIT trial, centres were allowed to use the number of fractions 


which were normal for them, but it is not clear from the publication what this number was in all 


cases. This might be an average of the fractions delivered in the study; but no details were 


provided 


b
: Although the manufacturer’s submission reported that the analysis was based on UK 


population; no baseline characteristics of the included patient population were provided. 


c
: Very limited details were provided around the modelling methodology 


d
: A simplified model structure of 4 health states was included; an additional health state for “any 


other recurrence” would have been more appropriate. 


e
: However only 1 RCT was identified by the AG systematic review 


f:  
The source study by Hayman and colleagues


96
 used standard gamble technique to estimate 


utilities. 


g
: Only PSA was conducted; not deterministic sensitivity analysis or scenario analyses 
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Appendix 6 Excluded cost-effectiveness studies with rationale 


Excluded study Reasons for exclusion 


Xoft Axxent eBx electronic brachytherapy system (iCAD Inc.) for 


early-stage breast cancer.  2012. 


Not full economic 


evaluation;  inappropriate 


intervention and 


comparator 


Alvarado M, Ozanne E, Mohan A, Esserman L. Cost-effectiveness of 


intraoperative radiation therapy for breast conservation. Journal of 


Clinical Oncology Conference: ASCO Annual Meeting 2011 Chicago, 


IL United States Conference Start: 20110603 Conference End: 


20110607 Conference Publication: (var pagings) 2011; 29(15 


SUPPL.#1) 


Abstract 


BlueCross BlueShield Association. Accelerated partial breast 


irradiation as sole radiotherapy after breast-conserving surgery for early 


stage breast cancer.  2007. 


Not full economic 


evaluation; Inappropriate 


population of interest, 


intervention and 


comparator. 


BlueCross BlueShield Association. Accelerated radiotherapy after 


breast-conserving surgery for early stage breast cancer (2012).  2012 


Not full economic 


evaluation 


Santos M, Guerra JLL, Gordillo MJO, Fondevilla A, Calvo F, Samblas 


J et al. Cost-Effectiveness Analysis of Four Validated Techniques of 


Accelerated Partial Breast Irradiation for the Treatment of Early-Stage 


Breast Cancer: Spanish Public Health System Standard Estimations. 


Value in Health 2012; 15(7):A354 


Abstract; inappropriate 


intervention 


Sher DJ, Wittenberg E, Suh WW, Taghian AG, Punglia RS. Partial-


Breast Irradiation Versus Whole-Breast Irradiation for Early-Stage 


Breast Cancer: A Cost-Effectiveness Analysis. International Journal of 


Radiation Oncology Biology Physics 2009; 74(2):440-446. 


Inappropriate intervention 


Xie X, Dendukuri N, McGregor M. Single-dose intraoperative 


radiotherapy using Intrabeam® for early-stage breast cancer: a health 


technology assessment.  2012. 


Not full economic 


evaluation 
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Appendix 7 Cost-effectiveness data extraction tables 


1 Study Alvarado, 2013;
78


 Esserman, 2014
79


                                                   


2 Research 


question 


The study analysed, from a societal perspective, the cost-effectiveness of two 


radiation strategies for early-stage invasive breast cancer: single-dose 


intraoperative radiation therapy (IORT) and the standard 6-week course of 


whole breast external beam radiotherapy (WB-EBRT) 


3 Country/setting The model was based on the protocol of the international TARGIT-A trial; 


the economic evaluation is US based 


4 Funding source Not stated 


5 Analysis type CUA 


6 Study type A Markov decision-analytic model based on the TARGIT-A trial was 


developed consisting of 6 health states: 


o Disease-free status post breast conserving surgery 


o Recurrence in women initially with WB-EBRT had salvage 


mastectomy followed by immediate reconstruction 


o Recurrence in women who received IORT had the option of salvage 


lumpectomy followed by WB-EBRT 


o Metastases 


o Death due to other causes 


o Death due to metastatic breast cancer 


7 Perspective Societal 


8 Time horizon 10 year period with annual cycle length 


9 Model 


assumptions 


o All women were assumed to have had BCS followed by either IORT 


or 6-week WB-EBRT 


o 14.1% of women with IORT received an additional 5 weeks (28 


fractions) of WB-EBRT 


o Recurrence in women who initially had WB-EBRT could only be 


treated with salvage mastectomy followed by immediate 


reconstruction 


o Recurrence in patients who received IORT had the option of salvage 


lumpectomy followed by WB-EBRT 


o Death resulting from breast cancer was only possible for women with 


metastatic breast cancer  


o The utilities of IORT and IORT followed by 5 week WB-EBRT were 


equal to that of 6-week WB-EBRT 


o Local recurrence rates were assumed to progress linearly over 10 
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years 


o For women treated with IORT followed by WB-EBRT, it was 


assumed that they incurred the same LRR as those who had IORT 


alone 


10 Discounting 


(rate) 


Yes at 3% for both costs and effectiveness  


11 Costing year, 


currency 


2011, US$ 


12 Population Trial name: TARGIT-A. 


Definition of condition: Women with early breast cancer who were ≥55 years 


old 


Characteristics of baseline cohort/risk factors:  Early-stage was defined as 


stage I-IIA estrogen-receptor positive (ER+), breast cancer 


 


13 Intervention(s), 


comparator(s) 


Intervention: Single dose intra-operative radiation therapy (IORT)- 


INTRABEAM 


Comparator: 6-week course of whole-breast external beam radiation therapy 


(WB-EBRT) with a standard 33 fractions 


14 Intervention 


effect 


4-year local recurrence rates obtained from the TARGIT trial were converted 


to annual transitional probabilities and projected over 10 years. Kaplan Meier 


estimate of local recurrence in the conserved breast at 4 years was 1.2% (95% 


CI: 0.53 to 2.71) for the IORT arm and 0.95% (95% CI: 0.39 to 2.31) in the 


EBRT arm 


15 Health state 


utilities 


Where possible, health state utilities were obtained via standard-gamble 


preferences.  Published literature was used to populate the remaining values 


(reference provided). 


 


Health state utilities Base case value Range values 


IORT 0.92 0.87-0.97 


3 week WB-EBRT 0.92 0.87-0.97 


6 week WB-EBRT 0.92 0.87-0.97 


IORT followed by 5-week WB-


EBRT 


0.92 0.87-0.97 


Salvage mastectomy  0.82 0.77-0.87 


Salvage mastectomy and WB-EBRT 0.87 0.82-0.92 


Metastatic BC 0.70 0.60-0.80 
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Death 0 - 


 


Details on the measurement technique and valuation approach were not 


provided 


16 Intervention cost  IORT: $5547  


 6 week WB-EBRT:$10,464 


 IORT followed by 5-week WB-EBRT: $13,640 


 3 week WB-EBRT:$6,640 


Sources:  


 Medicare Physician Fee Schedule (MFS). U.S. Department of 


            Health and Human Services; 2010. http://www.cms.gov/apps/ 


            physician-fee-schedule/overview.aspx. 


 Outpatient Prospective Payment System (OPPS). U.S. Department of 


Health and Human Services; 2010. 


17 Indirect costs  Indirect costs (6-week WB-EBRT): $1467  


 Indirect costs (IORT followed by 5-week WB-EBRT): $1244 


 Indirect costs (3-week WB-EBRT): $667 


 


The above figures were derived from the same sources: 


o Highlights of Women’s Earnings in 2010. In: Labor USDo, ed, 


U.S. Bureau of Labor Statistics; 2011. 


o CPI Inflation Calculator. U.S. Bureau of Labor Statistics; 2011. 


http://data.bls.gov/cgi-bin/cpicalc.pl. 


o IRS announces 2011 standard mileage rates: internal revenue 


service; 2010. 


o Gasoline and Diesel Fuel Update. U.S. Energy Information 


Administration;2011. http://www.eia.gov/oog/info/gdu/gasdiesel.asp. 


18 Results 


 
 


Discounted/ 


undiscounted 


IORT 3-week WB-EBRT 6-week WB-


EBRT 


Costs $28,879 $29,789 $34,070 


LY 8.38240 8.38152 8.38257 


QALY 7.66020 7.64618 7.65994 


ICER   Dominated Dominated 
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19 Sensitivity analysis 


The model conducted a series of one-way and two-way sensitivity analyses. A scenario analysis of 


3-week accelerated WB-EBRT schedule of 16 fractions was also conducted. 


  


Parameter / Scenario Value ICER 


Utility of IORT 0.97 Dominated 


0.87 12,820 


Utility of 6-week WB-EBRT  0.97 14,965 


0.87 Dominated 


Utility of IORT followed by 5-week WB-EBRT 0.97 Dominated 


0.87 91,517 


Utility of salvage lumpectomy after IORT 0.92 Dominated 


0.82 2,284,464 


Local recurrence rate (LRR) of IORT (10 year) 6.0% 746,158 


1.5% Dominated 


LRR of 6 week WB-EBRT (10 year) 3.6% Dominated 


1.2% 2.7 million 


Proportion of women who receive IORT followed 


by 5 week WB-EBRT 


28.2% 267 million 


7.1% Dominated 


Rate of MBC after salvage lumpectomy or 


mastectomy (10 year rates) 


40.0% 21 million 


10% Dominated 
 


20 Author’s conclusions Alvarado and colleagues concluded “with less cost and greater QALYs 


than WB-EBRT, IORT is the more valuable strategy” 


Esserman and colleagues concluded that the result of TARGIT-A trial 


was not likely to change. 


21 Reviewer’s comments  Overall, the analysis was well conducted. The results of the analysis 


were in line with the study conclusions. However,  


the model did not incorporate any probabilistic sensitivity analysis. 


Further, only two sets of 2-way sensitivity analyses were conducted. 


Hence the robustness of the cost-effectiveness results remains 


questionable.  


 


Quality assessment checklist for economic evaluations 


Item Y/N/? 


1. Is the decision problem (including interventions compared and patient group) 


relevant to the UK? 


Y
a
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2. Is the setting comparable to the UK? N 


3. Is the analytical and modelling methodology appropriate? Y 


4. Are all the relevant costs and consequences for each alternative identified? Y 


5. Are the data inputs for the model described and justified? Y 


6. Are health outcomes measured in QALYs? Y 


7. Is the time horizon considered appropriate? N
b 


8. Are costs and outcomes discounted? Y 


9. Is an incremental analysis performed? Y 


10. Is uncertainty assessed? Y
c
 


Y – yes, N – no, ? – unclear   


Comments 


a
 The number of fractions of EBRT (comparator) was not relevant to UK practice as the study 


used the assumption of using EBRT with a standard 33 fractions whereas the current standard UK 


practice is 15 fractions.     


b 
A lifetime horizon would have been appropriate as the risk of local recurrence continues over a 


lifetime 


c 
PSA was not conducted 


Critical appraisal checklist for economic evaluations (based on Drummond and colleagues
57


) 


 


 


1 Study Shah, 2014
80


                                                   


2 Research 


question 


The study analysed the cost-efficacy of intraoperative radiation therapy 


(IORT) compared with whole breast irradiation (referred to as EBRT 


henceforth) and accelerated partial-breast irradiation (APBI) for early-stage 


breast cancer. 


3 Country/setting The analysis was based on data from two phase III trials: TARGIT-A trial 


and the ELIOT trial; the economic evaluation was US based. 


4 Funding source Not stated 


5 Analysis type CUA; CMA 


6 Study type The study used local recurrence data from two trials: TARGIT-A and ELIOT. 


For the cost effectiveness analyses, reimbursement models were calculated in 


4 ways: 


o Reimbursement only (professional and facility) 


o Reimbursement incorporating additional medical costs (eg. Increased 


operative time with IORT, fraction of IORT patients requiring 


additional radiation) 
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o Reimbursement requiring non-medical costs 


o Reimbursement incorporating costs associated with recurrences 


 


The ICER analysis provided the increased reimbursement required to use 


EBRT or APBI compared with IORT per percentage point of improvement in 


local recurrence. 


7 Perspective Societal  


8 Time horizon Not clearly stated; it is assumed that the time horizon was for 10 years based 


on the estimation of mean utility by technique. 


9 Model 


assumptions 


o Average round-trip travel was 40 miles to the radiation centre (6 cents 


per mile) 


o The time involved was 2 hours per treatment, including travel of 


which 30 minutes were spent receiving treatment ($14.78 per hour) 


o Patients receiving twice-daily treatment returned to work during the 


inter-fraction interval 


 


The study reported that all assumptions and methodology adopted were based 


on and consistent with previously published articles, discussed elsewhere.  


10 Discounting 


(rate) 


Not stated 


11 Costing year, 


currency 


Not stated 


12 Population TARGIT-A trial: Women with early-stage ductal breast cancer who were ≥45 


years old 


 


ELIOT trial: Women with unicentric cancer less than 2.5 cm who were >45 


years old 


13 Intervention(s), 


comparator(s) 


 Intervention: IORT (INTRABEAM in TARGIT-A trial) or Electron 


Intraoperative Radiotherapy (in ELIOT trial). The latter is not 


eligible for inclusion in this review. 


 Comparator(s): EBRT 3D-CRT; APBI 3D-CRT; APBI IMRT; APBI 


SL; APBI ML; APBI Interstitial  


14 Intervention 


effect 


Local recurrence rates for both the INTRABEAM and EBRT arms (3.3% for 


IORT vs. 1.3% for EBRT) were obtained from the TARGIT trial.  


 


Data from the ELIOT trial was not extracted as the intervention is not 
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eligible.  


15 Health state 


utilities 


The utility values for the outcome states (shown below) were based on the 


study by Hayman and colleagues. 


 


Health state utilities Base case value 


No recurrence 0.92 


Local recurrence 0.779 


Other recurrence 0.685 


 


 


16 Intervention cost Reimbursement costs were reported. 


 


 IORT EBRT 


Total reimbursement $3094 $11,726 


Reimbursement including additional 


medical costs
a 


$8003 - $8706 $11,726 


Reimbursement including medical and 


nonmedical costs
a
 


$8192 - $8971 $12,985 


Reimbursement including medical, 


nonmedical, and recurrence costs 


(TARGIT)
a
  


$9399 - 


$10,179 


$13,122 


a 
Range based on differences in EBRT rates (15% - 21%) 


Data for APBI not extracted as it is not relevant for the purpose of this review 


17 Indirect costs Nonmedical costs including travel costs were estimated to be $44.96 and 


$89.92 per day respectively for once-daily and twice-daily schedules of 


treatment 


18 Results 


The results for ICER and costs per QALY are extracted based on the TARGIT-A trial as ELIOT 


trial was not relevant for the purpose of this review. These are: 


 When all associated costs are incorporated, using the local recurrence rates (3.3% for 


INTRABEAM vs 1.3% for EBRT), the ICERs for local recurrence ranges from $1782-


$2172 for EBRT based on difference in whole breast irradiation rates (15% - 21%).  


 The costs per QALY for EBRT compared with IORT range from $89,234/QALY - 


$108,735/QALY depending on the difference in whole breast irradiation rates. 


19 Sensitivity analysis  


Not reported 
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20 Author’s conclusions “IORT represents a potentially cost-effective treatment option for 


women with early stage breast cancer; however despite reduced 


reimbursement rates with IORT, WBI and APBI represent cost-


effective modalities to deliver radiation therapy based on cost per 


QALY analyses.” 


21 Reviewer’s comments  Limited information surrounding the model structure was presented in 


the study. Time-horizon for the model was not clearly stated. Although 


the techniques adopted to estimate costs associated with non-medical, 


follow-up, local recurrence or other recurrence (including salvage 


mastectomy) were mentioned, the costs were not reported, except for 


non-medical costs. Sensitivity analysis was not conducted.  


3D-CRT: 3-dimensional conformal radiotherapy; APBI: accelerated partial-breast irradiation; ELIOT: Electron 


Intraoperative Radiotherapy; IMRT: Intensity-modulated radiation therapy; IORT: Intraoperative radiation 


therapy; ML: Multilumen; SL: Single-lumen; TARGIT: Targeted Intraoperative Radiotherapy trial; WBI: 


Whole Breast Irradiation 


 


Quality assessment checklist for economic evaluations 


Item Y/N/? 


1. Is the decision problem (including interventions compared and patient group) 


relevant to the UK? 


Y
a
 


2. Is the setting comparable to the UK? N 


3. Is the analytical and modelling methodology appropriate? Y
b
 


4. Are all the relevant costs and consequences for each alternative identified? Y
c
 


5. Are the data inputs for the model described and justified? Y 


6. Are health outcomes measured in QALYs? Y 


7. Is the time horizon considered appropriate? ?
d
 


8. Are costs and outcomes discounted? N 


9. Is an incremental analysis performed? N 


10. Is uncertainty assessed? N 


Y – yes, N – no, ? – unclear   


Comments 


a 
Details on the number of fractions used in the EBRT (comparator) arm was not presented. 


b 
Details surrounding the modelling methodology not presented but references provided and 


checked. 


c
 Details not presented but references provided and checked  


d 
It is assumed that the time horizon was for 10 years based on the estimation of mean utility by 
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technique; a lifetime horizon would have been appropriate as the risk of recurrence continues over 


a lifetime. 


Critical appraisal checklist for economic evaluations (based on Drummond and colleagues
57


) 
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Appendix 8 Excluded QoL studies with rationale 


Excluded study Primary reason for 


exclusion 


Bao T, Cai L, Snyder C, Betts K, Tarpinian K, Gould J et al. Patient-


reported outcomes in women with breast cancer enrolled in a dual-center, 


double-blind, randomized controlled trial assessing the effect of 


acupuncture in reducing aromatase inhibitor-induced musculoskeletal 


symptoms. Cancer 2014; 120(3):381-389. 


Not EQ-5D 


Bonnetain F, Conroy T, Velten M, Jolly D, Mercier M, Causeret S et al. 


Impact of response shift in longitudinal postoperative quality of life (QoL) 


analysis among breast cancer (BC) patients: A randomized multicenter 


cohort study. Journal of Clinical Oncology 2010; 


Conference(var.pagings):15. 


Abstract 


Brown DS, Trogdon J, Ekwueme DU, Chamiec-Case L, Tangka FK, Guy 


GP et al. Preference-based estimates of the health utility impacts of breast 


cancer in women ages 18-44 in the United States. Value in Health 2012; 


Conference(var.pagings):4. 


Abstract 


Chandwani KD, Thornton B, Perkins GH, Arun B, Raghuram NV, 


Nagendra HR et al. Yoga improves quality of life and benefit finding in 


women undergoing radiotherapy for breast cancer. Journal of the Society 


for Integrative Oncology 2010; 8(2):43-55. 


Not EQ-5D 


Chang J, Couture FA, Young SD, Lau CY, Lee MK. Weekly 


administration of epoetin alfa improves cognition and quality of life in 


patients with breast cancer receiving chemotherapy. Supportive Cancer 


Therapy 2004; 2(1):52-58. 


No relevant 


information on health 


states 


Cheung YB, Lee CF, Luo N, Ng R, Wong NS, Yap YS et al. Comparison 


of the measurement properties between the 5-level euroqol group's 5-


dimension (EQ-5D-5l) questionnaire and the functional assessment of 


cancer therapy-breast (FACT-B) in Asian breast cancer patients. Value in 


Health 2012; Conference(Republic of China):var. 


Abstract 


Cheville AL, Almoza M, Courmier JN, Basford JR. A prospective cohort 


study defining utilities using time trade-offs and the euroqol-5D to assess 


the impact of cancer-related lymphedema. Cancer 2010; 116(15):3722-


3731. 


Inappropriate 


participants 


Conner-Spady B, Cumming C, Nabholtz JM, Jacobs P, Stewart D. 


Responsiveness of the EuroQol in breast cancer patients undergoing high 


No relevant 


information on health 
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dose chemotherapy. Quality of Life Research 2001; 10(6):479-486. states 


Coyle D, Grunfeld E, Coyle K, Julian JA, Pond GR, Folkes A et al. Cost-


effectiveness of a survivorship care plan for breast cancer survivors. 


Journal of Clinical Oncology 2011; Conference(var.pagings):15. 


Abstract 


Crott R, Briggs A. Mapping the QLQ-C30 quality of life cancer 


questionnaire to EQ-5D patient preferences. European Journal of Health 


Economics 2010; 11(4):427-434. 


Not primary research 


Dabakuyo TS, Guillemin F, Conroy T, Velten M, Jolly D, Mercier M et al. 


Response shift effects on measuring post-operative quality of life among 


breast cancer patients: a multicenter cohort study. Quality of Life Research 


2013; 22(1):1-11. 


Not EQ-5D 


de KM, Dirksen CD, Kessels AG, van der Weijden T, van de Velde CJ, 


Roukema JA et al. Cost-effectiveness of a short stay admission programme 


for breast cancer surgery. Acta Oncologica 2010; 49(3):338-346. 


No relevant 


information on health 


states 


Dolbeault S, Cayrou S, Bredart A, Viala AL, Desclaux B, Saltel P et al. 


The effectiveness of a psycho-educational group after early-stage breast 


cancer treatment: results of a randomized French study. Psycho-Oncology 


2009; 18(6):647-656. 


Not EQ-5D 


Domeyer PJ, Sergentanis TN, Zagouri F, Zografos GC. Health-related 


quality of life in vacuum-assisted breast biopsy: short-term effects, long-


term effects and predictors. Health & Quality of Life Outcomes 2010; 8:11. 


Inappropriate 


participants 


Fang P, Tan KS, Troxel AB, Rengan R, Freedman G, Lin LL. High body 


mass index is associated with worse quality of life in breast cancer patients 


receiving radiotherapy. Breast Cancer Research & Treatment 2013; 


141(1):125-133. 


Not EQ-5D 


Fang P, Tan K, Troxel A, Rengan R, Freedman G, Lin L. High BMI 


associated with worse quality of life in breast cancer patients receiving 


radiation therapy. International Journal of Radiation Oncology Biology 


Physics 2013; 87(2 suppl 1):S607 


No relevant 


information on health 


states 


Farkkila N, Roine R, Jahkola T, Sintonen H, Hanninen J, Taari K et al. 


Health state utilities in breast cancer. Value in Health 2011; 


Conference(var.pagings):7. 


Abstract 


Haines TP, Sinnamon P, Wetzig NG, Lehman M, Walpole E, Pratt T et al. 


Multimodal exercise improves quality of life of women being treated for 


breast cancer, but at what cost? Randomized trial with economic 


evaluation.  Breast Cancer Research & Treatment 2010; 124(1):163-175. 


No relevant 


information on health 


states 
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Hayran M, Cakir B, Cilingiroglu N, Erman M, Kilickap S, Ozisik YY et al. 


Validation and clinical evaluation of different quality of life (QoL) scales in 


patients (pts) with breast cancer (BC) in Turkey. Journal of Clinical 


Oncology 2011; Conference(var.pagings):15. 


Abstract 


Jansen SJ, Otten W, van de Velde CJ, Nortier JW, Stiggelbout AM. The 


impact of the perception of treatment choice on satisfaction with treatment, 


experienced chemotherapy burden and current quality of life. British 


Journal of Cancer 2004; 91(1):56-61. 


No relevant 


information on health 


states 


Jeruss JS, Hunt KK, Xing Y, Krishnamurthy S, Meric-Bernstam F, Cantor 


SB et al. Is intraoperative touch imprint cytology of sentinel lymph nodes 


in patients with breast cancer cost effective? Cancer 2006; 107(10):2328-


2336. 


Not primary research 


Katharina WA, Schumacher A. Social connotations of breast cancer-work 


in progress. Psycho-Oncology 2013; 22(Nov):222. 


Abstract 


Kimman ML, Dirksen CD, Falger P, Voogd A, Kessels A, Gijsen B et al. 


Results of an RCT investigating the cost-effectiveness of four follow-up 


strategies after breast cancer. European Journal of Cancer, Supplement 


2009; Conference(var.pagings):2-3. 


Abstract 


Kimman ML, Dirksen CD, Lambin P, Boersma LJ. Responsiveness of the 


EQ-5D in primary breast cancer survivors. Ejc Supplements 2008; 6(7):73-


74. 


Abstract 


Kimman ML, Dirksen CD, Voogd AC, Falger P, Gijsen BC, Thuring M et 


al. Economic evaluation of four follow-up strategies after curative 


treatment for breast cancer: results of an RCT. European Journal of Cancer 


2011; 47(8):1175-1185. 


Inappropriate 


participants 


Lee CF, Luo N, Ng R, Wong NS, Yap YS, Lo SK et al. Comparison of the 


measurement properties between a short and generic instrument, the 5-level 


EuroQoL Group's 5-dimension (EQ-5D-5L) questionnaire, and a longer and 


disease-specific instrument, the Functional Assessment of Cancer Therapy-


Breast (FACT-B), in Asian breast cancer patients. Quality of Life Research 


2013; 22(7):1745-1751. 


Inappropriate 


participants 


Lee CF, Ng R, Luo N, Wong NS, Yap YS, Lo SK et al. The English and 


Chinese versions of the five-level EuroQoL Group's five-dimension 


questionnaire (EQ-5D) were valid and reliable and provided comparable 


scores in Asian breast cancer patients. Supportive Care in Cancer 2013; 


21(1):201-209. 


Inappropriate 


participants 
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Lee J-A, Kim S-Y, Kim Y, Oh J, Kim H-J, Jo D-Y et al. Comparison of 


health-related quality of life between cancer survivors treated in designated 


cancer centers and the general public in Korea. Japanese Journal of Clinical 


Oncology 2014; 44(2):141-152. 


No relevant 


information on health 


states 


Lovrics PJ, Cornacchi SD, Barnabi F, Whelan T, Goldsmith CH. The 


feasibility and responsiveness of the health utilities index in patients with 


early-stage breast cancer: a prospective longitudinal study. Quality of Life 


Research 2008; 17(2):333-345. 


Not EQ-5D 


Matalqah LM, Radaideh KM, Yusoff ZM, Awaisu A. Health-related 


quality of life using EQ-5D among breast cancer survivors in comparison 


with age-matched peers from the general population in the state of Penang, 


Malaysia. Journal of Public Health 2011; 19(5):475-480. 


Inappropriate 


participants 


Milne RJ, Heaton-Brown KH, Hansen P, Thomas D, Harvey V, Cubitt A. 


Quality-of-life valuations of advanced breast cancer by New Zealand 


women. Pharmacoeconomics 2006; 24(3):281-292. 


Inappropriate 


participants 


Moro-Valdezate D, Peiro S, Buch-Villa E, Caballero-Garate A, Morales-


Monsalve MD, Martinez-Agullo A et al. Evolution of Health-Related 


Quality of Life in Breast Cancer Patients during the First Year of Follow-


Up. Journal of Breast Cancer 2013; 16(1):104-111. 


No relevant 


information on health 


states 


Ng R, Lee CF, Wong NS, Yap YS, Lo SK, Wong C et al. Measurement 


properties and equivalence of the english and chinese versions of the new 


5-level EQ-5D in Asian breast cancer patients. European Journal of Cancer 


2011; Conference(var.pagings):S235. 


Abstract 


Oh S, Heflin L, Meyerowitz BE, Desmond KA, Rowland JH, Ganz PA. 


Quality of life of breast cancer survivors after a recurrence: a follow-up 


study. Breast Cancer Research and Treatment 2004; 87(1):45-57. 


Not EQ-5D 


Peasgood T, Ward SE, Brazier J. Health state utility values in breast cancer: 


A review and metaanalysis. Value in Health 2010; 


Conference(var.pagings):7. 


Not primary research 


Polsky D, Keating NL, Weeks JC, Schulman KA. Patient choice of breast 


cancer treatment: impact on health state preferences. Medical Care 2002; 


40(11):1068-1079. 


Not EQ-5D 


Polsky D, Mandelblatt JS, Weeks JC, Venditti L, Hwang YT, Glick HA et 


al. Economic evaluation of breast cancer treatment: considering the value 


of patient choice. Journal of Clinical Oncology 2003; 21(6):1139-1146. 


Not EQ-5D 


Postma EL, Koffijberg H, Verkooijen HM, Witkamp AJ, van den Bosch No relevant 
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MA, van HR. Cost-effectiveness of radioguided occult lesion localization 


(ROLL) versus wire-guided localization (WGL) in breast conserving 


surgery for nonpalpable breast cancer: results from a randomized controlled 


multicenter trial. Annals of Surgical Oncology 2013; 20(7):2219-2226. 


information on health 


states 


Rand KL, Otte JL, Flockhart D, Hayes D, Storniolo AM, Stearns V et al. 


Modeling hot flushes and quality of life in breast cancer survivors. 


Climacteric 2011; 14(1):171-180. 


No relevant 


information on health 


states 


Shimozuma K, Shiroiwa T, Fukuda T, Mori M, Ohashi Y, Watanabe T. 


Comparison of Eq-5D Score Between Treatment with 4 Cycles of 


Anthracycline Followed by 4 Cycles of Taxane and 8 Cycles of Taxane for 


Node Positive Breast Cancer Patients After Surgery: N-Sas Bc 02 Trial. 


Value in Health 2010; 13(7):A274 


Abstract 


Shiroiwa T, Fukuda T, Shimozuma K, Kuranami M, Suemasu K, Ohashi Y 


et al. Comparison of EQ-5D scores among anthracycline-containing 


regimens followed by taxane and taxane-only regimens for node-positive 


breast cancer patients after surgery: the N-SAS BC 02 trial. Value in Health 


2011; 14(5):746-751 


No relevant 


information on health 


states 


Slovacek L, Slovackova B, Slanska I, Petera J, Priester P, Filip S et al. 
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No relevant 


information on health 


states 
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Sun Y, Kang E, Heo C, Kim D, Hwang Y, Yom C et al. Comparison of 
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Sura K, Tan K, Freedman GM, Troxel AB, Lin LL. Factors affecting breast 
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Abstract 


Wilking N, Bernow M, Kossler I, Wilking U, Jonsson B. Health Related 


Quality of Life (HRQoL) in Swedish Relapse Free Breast Cancer Patients. 
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Abstract 


Wu Y, Segreti A, Cella D, DiLeo A, Amonkar M, Koehler M et al. 


Lapatinib plus paclitaxel versus paclitaxel alone for first line metastatic 


breast cancer (MBC) in ErbB(2+) patients - Quality of Life (QOL) results. 


Ejc Supplements 2008; 6(7):171. 


Abstract 


Yaqata H, Iwase T, Ohtsu H, Komoike Y, Saji S, Takei H et al. Baseline 


assessment of patient-reported outcomes (PROs) for breast cancer patients 


after 5-years of endocrine treatment in a randomized clinical trial: NSAS-


BC 05. Breast 2011; 20(Suppl. 1):S68. 


Abstract 


Zhou X, Cella D, Cameron D, Amonkar MM, Segreti A, Stein S et al. 


Lapatinib plus capecitabine versus capecitabine alone for HER2+ (ErbB2+) 


metastatic breast cancer: quality-of-life assessment. Breast Cancer 


Research & Treatment 2009; 117(3):577-589. 


No relevant 


information on health 


states 
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Abstract 
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Appendix 9 Data extraction forms for HRQoL studies (presented in order of health states) 


Reference  


Turnbull, 2010
87


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To determine the potential benefits to the patient and to the NHS of the addition of MRI to the routine 


techniques employed for loco-regional staging of primary breast cancer. 


 


Describe the type of study and study design. 


Randomised controlled trial. 


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Women with biopsy-proven primary breast cancer, who were scheduled for wide local excision 


following triple assessment (clinical, radiological and pathological).   


 


Yes, the inclusion and exclusion criteria were clearly described; the study included patients aged 18 


years or above. 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age  


 MRI scan  No MRI scan  


Mean (yrs) (SD) 56.38  (9.67) 56.59 (10.09) 


Median (yrs) (range) 57 (27 to 86) 57 (58 to 85) 


*Clinical details based on ITT population 


 


 


Age (as randomised) MRI scan  No MRI scan  


<50 years (n, %) 187 (22.9) 187 (23.2) 


≥50 years (n, %) 629 (77.1) 620 (76.8) 


*Clinical details based on ITT population 
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Sex Female 100% 


Race (if appropriate) Not reported 


Indication / disease Primary breast cancer 


Other characteristics (sample 


size) 


n = 1625 (MRI scan: n=817; no MRI scan: 808) 


 


Variables Category MRI scan  No MRI 


scan  


Menopausal 


status 


   


Pre-menopausal 232 (28.4) 234 (29.0) 


Post-menopausal 574 (70.3) 565 (70.0) 


Missing 10 (1.2) 8 (1.0) 


HRT use 


(n, %) 


   


Currently 63 (7.7) 46 (5.7) 


Previously 232 (28.4) 231 (28.6) 


Never 514 (63.0) 528 (65.4) 


Missing 7 (0.9) 2 (0.2) 


Preoperative 


neoadjuvant 


therapy 


(n, %) 


   


Yes 6 (0.7) 11 (1.4) 


No 808 (99.0) 792 (98.1) 


Missing data 2 (0.2) 4 (0.5) 


In situ disease 


Carcinoma in 


Situ present 


(n, %) 


   


Yes 586 (71.8) 568 (70.4) 


No 191 (23.4) 193 (23.9) 


Missing data 39 (4.8) 46 (5.7) 


Grade (n, %)    


 I 177 (23.8) 179 (24.8) 


 II 358 (48.2) 331 (45.8) 


 III 200 (26.9) 205 (28.4) 


 Missing 8 (1.1) 8 (1.1) 


*Note: Other characteristics were reported but not data extracted 


 


QoL instrument  EQ 5D  


Utility values, (Y/N) Yes 


Treatment effect, if reported Yes-Reoperation rates 
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Country/ setting 


What is the country and setting for the evaluation?  


UK, RCT 


 


Data Sources 


Effectiveness 


 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


QoL data were collected as part of the RCT 


 


Results 


Summarise the results 


 


EQ-5D scores MRI scan, Mean (SE), 95% CI No MRI scan, Mean (SE), 95% CI 


Baseline 0.8567 (0.0065), 95% CI: 0.8435 to 


0.8699 


0.8601 (0.0063), 95% CI:0.8475 to 


0.8728 


8 weeks post 


randomisation 


0.7791 (0.0078), 95% CI: 0.7634 to 


0.7948 


0.7728 (0.0079), 95% CI: 0.7569 to 


0.7887 


6 months post 


initial surgery 


0.8040 (0.0094), 95% CI: 0.7844 to 


0.8237 


0.7935 (0.0078), 95% CI: 0.7781 to 


0.8089 


12 months post 


initial surgery 


0.8101 (0.0069), 95% CI:0.7965 to 


0.8236 


0.8112 (0.0072), 95% CI: 0.7970 to 


0.8253 


*Rounded to 4 decimal places; CI: Confidence Interval; SE: Standard error 


 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ 5D was used to assess health states; the valuation of health states were from the UK 


population. 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 
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Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


 Overall, QoL scores were similar between the two arms of the trial, with QoL decreasing 


minimally between baseline and 8 weeks post randomisation, then recovering at between 6 


and 12 months post initial surgery. 


 The authors reported that 12 months after initial surgery, there was no statistically significant 


difference in HRQoL as measured by EQ-5D between the two arms of the trial once baseline 


HRQoL and other covariates were controlled for. The nominal values of the point estimates of 


the mean changes between baseline and 12 months were also very similar. 


What are the implications of the study for the model 


The utility values were derived from EQ-5D estimates based on UK population, therefore the EQ-5D 


estimates reported for the no MRI arm could be used to inform the SHTAC model as this arm of the 


trial represented current UK treatment option for primary breast cancer. Specifically, the EQ-5D 


estimates in the baseline and 12 months post initial surgery for the cohort in no MRI arm could be 


used in the SHTAC model. 


 


 


Criteria for assessment of study relevance to NICE reference case (adapted from
12


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


Y 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 


 


Reference  
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Freedman, 2010
88


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To use the EQ-5D instrument to evaluate the long term health states of women with early stage breast 


cancer treated by breast conserving surgery and radiation. 


 


Describe the type of study and study design. 


Single cohort study 


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Women with early breast cancer treated with breast conserving surgery and radiation with or without 


systemic therapy. 


 


Yes, the inclusion and exclusion criteria were clearly described and do not exclude any individuals 


that may be relevant (the study excluded male breast cancer, T3-T4 disease, stage IV disease, 


mastectomy, or patients treated without radiation).  


 


What are the characteristics of the baseline cohort for the evaluation? 


Age 18-44: 13% 


45-64: 57% 


>64: 30% 


Sex Female 100% 


Race (if appropriate) Not reported 


Indication / disease Early stage breast cancer, American Joint Committee on Cancer 


stages 0, I, or II breast cancer 


Other characteristics (sample 


size) 


n = 1050 


Tumor stage 


 Tis 192 (18%) 


 T1 714 (68%) 


 T2 141 (13%) 


Nodal stage 
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 N0 644 (61%) 


 N1-3 positive 174 (17%) 


 N4+ positive 38 (4%) 


 NX 194 (18%) 
 


QoL instrument  EQ-5D  


Utility values, (Y/N) Yes- presented in a figure over time and in text 


Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


USA, Hospital outpatient clinic 


 


Data Sources 


Effectiveness 


 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


Single study.  


 


Results 


Summarise the results 


 


 Mean descriptive index: 


Time points EQ-5D scores  


5 years 0.89      (95% CI: 0.87 to 0.91) 


10 years 0.9        (95% CI: 0.86 to 0.94) 


15 years 0.9        (95% CI: 0.83 to 1.0) 


 


 Mean scores by age:  


Time points Age groups 


18-44 years 45-64 years >64 years 


5 years 0.95 0.9 0.88 


10 years 0.96 0.93 0.76 


 


 No significant differences in health states between patients by age 
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 States no significant differences in mean index score by the use of adjuvant systemic therapy 


when compared to those treated by chemotherapy only, tamoxifen only, both or neither 


(P>0.05); no data were reported 


 States no apparent difference in mean score by use of IMRT versus conventional radiation 


although very few patients treated with IMRT had follow-up greater than 3 years. No data 


were reported. 


 States no significant differences between patients with and without a recurrence, although the 


number of questionnaires from patients with recurrence was small (n=94) compared to those 


without recurrence (n=2,386). No data were reported. 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ-5D was used to assess health states. However the valuation of health states were not from 


the UK general population- the study was US based. 


 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 


 


Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


“Patient self-reported quality of life by the EQ-5D was high and remained stable for up to 15 years 


after treatment with breast conserving surgery and radiation. There was good statistical correlation 


between patient-reported outcomes by either the VAS or descriptive system.” 


What are the implications of the study for the model 


The study is not UK based; therefore the reported EQ-5D values could be used to inform the model 


for testing uncertainty or model validity. However, if no UK based study is found, the mean EQ-5D 


score reported for WLE+EBRT health state could be fed into the model. Data on mean index scores 


are reported for the entire cohort of patients (i.e. women treated with breast conserving surgery and 


radiation) but reports no significant difference between sub-groups (such as use of adjuvant systemic 


therapy, use of IMRT, recurrence- although the number of questionnaires from patients with 


recurrences was very small compared to those without recurrence) 
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Criteria for assessment of study relevance to NICE reference case (adapted from
62


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


N 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 
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Reference  


Prescott, 2007
86


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To assess whether omission of postoperative radiotherapy in women with “low-risk” axillary node 


negative breast cancer (T0-2) treated by breast conserving surgery and endocrine therapy improves 


quality of life and is more cost-effective 


 


Describe the type of study and study design. 


Randomised Controlled Trial (RCT). A non-randomised cohort was also recruited in order to 


complete a comprehensive cohort study 


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Breast cancer patients undergoing breast-conserving surgery and endocrine therapy with complete 


excision on histological assessment 


 


The inclusion and exclusion criteria were reported. The study did not include patients aged below 65 


years 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age  


 Randomised ( n= 255) 


Radiotherapy 


(n=127) 


No radiotherapy 


(n=128) 


Mean Age at 


surgery (SD) 


72.3 (5.0) 72.8 (5.2) 


 


 


Sex Female 100% 


Race (if appropriate) Not reported 


Indication / disease Breast cancer patients with “low risk”, axillary node-negative 
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Other characteristics (sample 


size) 


N = 255 (randomised patients); 253 patients were evaluable;  


EQ-5D data were available for 203 patients 


QoL instrument  EQ-5D 


Utility values, (Y/N) Yes 


Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


UK; RCT 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


Yes- an RCT and a cohort study 


 


Results 


Summarise the results 


 


EQ-5D Radiotherapy (n=102) 


Mean (95% CI) 


No-radiotherapy (n = 101) 


Mean (95% CI) 


Baseline 0.77 (0.73 to 0.80) 0.74 (0.70 to 0.77) 


3.5 months 0.78 (0.74 to 0.81) 0.76 (0.73 to 0.79) 


9 months 0.76 (0.71 to 0.81) 0.72 (0.68 to 0.76) 


15 months 0.74 (0.70 to 0.78) 0.73 (0.69 to 0.77) 


Unadjusted QALYs 0.95 (0.90 to 0.99) 0.92  (0.88 to 0.95) 
 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ-5D was used to assess health status; the study was UK based. 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 
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Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


“The utility scores were higher at baseline for the radiotherapy arm than the no radiotherapy arm. The 


estimated difference in QALYs between the two arms of the trial is adjusted for this baseline 


difference. The difference in adjusted QALYs was extremely small (-0.0075) and the 95% CI of the 


difference indicates that this difference was not statistically significant at the 5% level.”  


What are the implications of the study for the model 


As this is a UK based study, the model inputs on utilities could be used to inform SHTAC CE model 


in development. In particular, this study could be used to populate the health state “Wide local 


excision followed by EBRT” with the value of 0.74 (95% CI: 0.70 to 0.78). 


 


Criteria for assessment of study relevance to NICE reference case (adapted from
62


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


Y 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 
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Reference (Lead author, year, refid) 


Serra, 2012
89


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To evaluate the impact of guided imagery (a stress reduction technique) on patients undergoing 


radiation therapy for breast cancer. 


 


Describe the type of study and study design. 


Single cohort study  


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Women receiving radiation therapy for breast cancer  


 


Yes- inclusion/exclusion criteria were reported. 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age Mean age (range): 57 years (28-77) 


Sex Female 100% 


Race (if appropriate) Not reported  


Indication / disease Women undergoing radiation therapy for breast cancer 


Other characteristics (sample 


size) 


n=66  


 


Characteristics n 


Stage 


0 18 


I 24 


II 11 


III 9 


Local recurrences 4 


Adjuvant therapy 


Chemotherapy and hormones 13 
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Chemotherapy only 9 


Hormones only 28 


None 16 


 


 


QoL instrument  EQ-5D 


Utility values, (Y/N) Yes 


Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


USA 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


Single study 


 


Results 


Summarise the results 


 Health status was evaluated at two time points: prior to start of guided therapy (time 1) and at 


the end of radiation therapy (time 2) 


 EQ-5D index at time 1: 0.88 (n=64), time 2 = 0.86 (n=54) 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ-5D questionnaire was used; the study was US based 


 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 
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Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


The authors stated that the results from the EQ-5D showed elevation in pain ratings attributed to the 


radiation-induced skin reactions in pain ratings attributed to the radiation-induced skin reactions and , 


not surprisingly, accompanied by a reduction in anxiety and depression, further supporting the use of 


Guided Imagery. 


What are the implications of the study for the model? 


Since the study was US based, the value of 0.86 (after radiation therapy) could be used to inform the 


health state of “wide local excision +EBRT” within the CE model, should there be no available UK 


based data. However, patients also received guided imagery and there was no control arm in the study. 


It is therefore unclear what impact guided imagery had.  


 


In other case, this value could be used in conducting sensitivity analysis.   


 


Criteria for assessment of study relevance to NICE reference case (adapted from
62


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


? 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 
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Reference  


Conner-Spady, 2005
92


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To examine changes in health related quality of life in breast cancer patients with poor prognosis 


(Stage II/III) receiving high dose chemotherapy (HDC) treatment with autologous blood stem cell 


transplantation (ASCT) during long term follow-up. 


 


Describe the type of study and study design. 


Prospective 2 year longitudinal study 


 


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Patients with breast cancer with poor prognosis (stage II/III)   


 


Yes- inclusion/exclusion criteria were described clearly; consecutive patients aged between 18 – 65 


years 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age Mean age (range; s.d.):     44.7 (21 – 62; 8.5) 


 


Age distribution  n % 


21-35 6 11.5 


36-50 32 61.5 


51-62 14 26.9 
 


Sex Not reported specifically 


Race (if appropriate) Not reported 


Indication / disease Breast cancer patients with poor prognosis (stage II/III)  who are 


at high risk of relapse 


Other characteristics (sample 


size) 


n= 52 
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Variables Category n Percent 


Marital status    


Single 8 15.4 


Married/Partne


r 


40 76.9 


Divorced 2 3.8 


Widowed 2 3.8 


Years of education Grade 12 or 


less 


18 35.3 


More than 


Grade 12 


33 64.7 


Stage of cancer II 18 34.6 


III 34 65.4 


Type of surgery Modified 


radical 


mastectomy 


22 42.3 


 Total 


mastectomy 


19 36.5 


Segmental 11 21.2 


Nodal status 10 or more 39 75.0 


Tamoxifen Yes 5 10.0 


Menopausal status Pre  37 71.2 


Post 15 28.8 
 


QoL instrument  EQ-5D 


Utility values, (Y/N) Yes 


Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


Canada; Phase II trial 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  
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A prospective longitudinal study 


 


Results 


Summarise the results 


 


 Mean QoL scores across different time-points  


Time points EQ-5D scores 


(s.d.) 


           T1: Pre-induction 0.78 (0.18) 


           T2: Day 1third cycle of FAC
a 


0.75 (0.18) 


           T3: 3 weeks post HDC
b 


0.61 (0.29) 


           T4: 6 months or 8 weeks post HDC 0.79 (0.19) 


           T5: 12 months 0.84 (0.19) 


           T6: 18 months 0.84 (0.13) 


           T7: 24 months 0.89 (0.13) 


a 
Fluorouracil, Adriamycin, and cyclophosphamide; 


b 
High-dose chemotherapy 


 


 There was a significant decrease in HRQoL from T1 to T3 and return to baseline levels at T4 


i.e., 8 weeks post HDC. In the short term, HRQoL was impacted negatively by treatment but 


quickly rebounded 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes, EQ-5D questionnaire was used.  


The valuation of health states was from a set of Canadian breast cancer patients group 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 


 


Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


EQ-5D data showed a pattern of change with HRQL decreasing following the administration of HDC, 
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and returning to baseline levels post-HDC.  


What are the implications of the study for the model 


The study did not report utility values for the health states which are relevant for the SHTAC CE 


model in development. However, since the patients included in the study had all undergone 


mastectomy/surgery, the utility value reported by EQ-5D at the end of 2 years (i.e. at time-point T7) 


valued at 0.89 could be used to represent the utility value for “mastectomy & reconstruction” health 


state in the SHTAC CE model. 


  


Criteria for assessment of study relevance to NICE reference case (adapted from
62


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


N 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


Y* 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 


*Health states were converted to EQ-5D index using standardised weights derived from time-trade off measurements based 


on UK population. 
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Reference  


Robertson, 2012
90


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To present an audit of all Immediate Breast Reconstruction (IBRs) during the period 2005-2008 


performed by breast surgeons, including post-operative HRQoL. 


 


Describe the type of study and study design. 


Retrospective descriptive study  


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Consecutive patients recruited between 2005 – 2008 who had undergone IBRs 


 


Inclusion and exclusion criteria were reported 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age Mean age at IBR: 50 years 


Sex Female 100% 


Race (if appropriate) Not reported 


Indication / disease IBR patients with implants  


Other characteristics (sample 


size) 


Sample size: 223 patients 


 


Indication 


for IBR 


Mastectomy 


as 1
st
 


treatment 


Completion 


mastectomy 


IBTR Total 


% (n) % (n) % (n) % (n) 


Patients 62.8 (140) 27.3 (61) 9.9 (22) 100 


(223) 


IBRT: Ipsilateral Breast Tumor Recurrence 


QoL instrument  EQ-5D  


Utility values, (Y/N) Yes 
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Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


Sweden 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


Single study 


 


Results 


Summarise the results 


 The calculated EQ-5D index for the patient population was 0.83 


 EQ-5D questionnaire for patients’ current state of health at median of 4 yrs postoperatively 


Dimension 


 


  


Severity level of problem   


Missing No problem  Moderate  Severe  


% (n)  % (n)  % (n)  n 


Mobility  86.6 (142)  6.7 (11)  0 (0)  11 


Self-care  92.7 (152)  0.6 (1)  0 (0)  11 


Usual activities  78 (128)  13.4 (22)  1.8 (3)  11 


Pain/discomfort  52.4 (86)  37.8 (62)  1.8 (3)  13 


Anxiety/depression  53.7 (88)  37.8 (62)  1.8 (3)  11 
 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ-5D was used to assess health status of the patients.  


 


The valuation of health states was not from the UK general population; the study was based on 


Swedish population. 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 
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Not applicable 


 


Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


“..overall satisfactory patient-reported outcomes concerning aesthetics of the breast reconstruction and 


items in everyday life, despite the high rate of irradiated patients. However we identified a high 


frequency of moderate problems with pain/discomfort and anxiety/depression at a median of 4 years 


after surgery, compared to norm data, although the general state of health was rated high.” 


What are the implications of the study for the model 


The estimated EQ-5D score of 0.83 could be populated for the “mastectomy and reconstruction” 


health state within the SHTAC CE model in development 


 


Criteria for assessment of study relevance to NICE reference case (adapted from
62


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


N 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 


Y: Yes; N: No; ?: Unclear 
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Reference  


Lidgren, 2007
91


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To describe the health related quality of life (HRQoL) in different breast cancer disease states using 


preference-based measures 


 


Describe the type of study and study design. 


Cross sectional observational study.  


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Women with a previous diagnosis of breast cancer.  


 


The inclusion criteria are reported but exclusion criteria are not.  


 


What are the characteristics of the baseline cohort for the evaluation? 


Age Mean age (range):      57 years (28 – 93) 


 


Age distribution Frequency Percentage 


< 50 years 91 26% 


50-64 178 52% 


65 and older 76 22% 


Total 345 100% 
 


Sex Female 100% 


Race (if appropriate) Not reported 


Indication / disease Women with a previous diagnosis of breast cancer 


Other characteristics (sample 


size) 


n =361; n=345 after exclusions  


QoL instrument  EQ-5D 


Utility values, (Y/N) Yes 


Treatment effect, if reported Not reported 
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Country/ setting 


What is the country and setting for the evaluation?  


Sweden, breast cancer outpatient clinic 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


A cross sectional observational study. 


 


Results 


Summarise the results 


 


State N % Mean EQ-5D 


score 


95% CI 


State P (Patients in their first year after 


a primary breast cancer)  


72 21 0.696
 a
 0.634 to 0.747 


 


State R (Patients in their first year after 


a recurrence) 


21 6 0.779 0.700 to 0.849 


State S (Patients who had not had a 


primary breast cancer diagnosis or a 


recurrence during the previous year) 


177 53 0.779
 
 0.745 to 0.811


 


State M (Patients with metastatic 


disease) 


65 19 0.685
 a
 0.620 to 0.735


 


a
: significant difference compared to second and following years after primary breast cancer/recurrence 


(P<0.005) 


The main driver behind the reduction in HRQoL was pain and discomfort as well as anxiety and 


depression. 


EQ-5D dimensions (no problems, moderate problems and severe problems) were reported but no data 


were extracted. 


State N Mean EQ-


5D score 


95% CI 


Patients in State P receiving adjuvant 


chemotherapy 


23 0.620 0.509 to 0.697 


Patients in State P receiving hormone therapy  17 0.744 0.573 to 0.841 
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Patients in State R receiving adjuvant 


chemotherapy 


7 0.767 0.573 to 0.841 


Patients in State R receiving adjuvant hormone 


therapy 


4 0.816 0.729 to 0.963 


Patients in State S receiving adjuvant hormone 


therapy 


79 0.824 0.785 to 0.857 


Patients in State M receiving hormone therapy 16 0.648 0.513 to 0.765 


Patients in State M receiving chemotherapy 38 0.692 0.611 to 0.746 


Metastatic patients who had at least 1 new distant 


recurrences more than 1 month after their first 


distant recurrence 


10 0.661 0.454 to 0.812 


Metastatic patients who did not have a new distant 


recurrences more than 1 month after their first 


distant recurrence 


55 0.690 0.630 to 0.753 


 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ-5D data were presented clearly.  The valuation was based on Swedish patients. 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 


 


Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


“The study shows that breast cancer is associated with a reduction in HRQoL. This effect is most 


pronounced for patients with metastatic disease” 


What are the implications of the study for the model 


 If UK based data are not available:  


The utility value of 0.685 as derived for the patients with metastases could be used to inform 


the SHTAC CE model for the health state of distant recurrence, although the data are derived 


from Swedish patients. Also the value of 0.779 could be used to populate the utility value for 


health state “disease free after local recurrence” 
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 If UK based data are available:  


The above values could be used for conducting sensitivity analysis. 


 


 


Criteria for assessment of study relevance to NICE reference case (adapted from
62


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


 Y; the study used 


UK EQ-5D index 


tariff 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 
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Reference  


Sherrill, 2008
94


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To examine whether patients receiving combination therapy of lapatinib+capecitabine would 


experience, on average, more time in a better health state compared with patients on capecitabine 


alone.  


 


Describe the type of study and study design. 


RCT; Quality-adjusted time without symptoms of disease or toxicity of treatment (Q-TWiST) analysis 


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


Advanced or metastatic HER2 + breast cancer patients who had progressive disease following prior 


therapy which included an anthracycline, a taxane and trastuzumab 


 


Inclusion and exclusion criteria were reported elsewhere (references provided) 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age Not reported 


Sex Female 100% 


Race (if appropriate) Not reported 


Indication / disease Advanced or metastatic HER2 + breast cancer who had 


progressive disease following prior therapy 


Other characteristics (sample 


size) 


n=399 


 Lapatinib + capecitabine arm Capecitabine arm 


n 198 201 


 


Patients characteristics: 


Prior therapy Anthracycline 97% 


Taxane 97% 


Trastuzumab 97% 
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Patients with metastatic disease 96% 


Patients with visceral lesions 78% 


Patients with visceral at three or more sites 49% 


 


 


QoL instrument  EQ-5D 


Utility values, (Y/N) Yes 


Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


UK and USA;  Phase 3 RCT 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


Single study; patient reported utility weights were derived from the EQ-5D using published 


algorithms 


 


Results 


Summarise the results 


 


Average utility values by health state, based on EQ-5D scores 


Health-state ITT 


population 


Lapatinib plus capecitabine Capecitabine monotherapy 


Toxicity
1
: Grade 3/4 0.60 (n=27) 0.59 (n=17) 


TWiST 0.66 (n=168) 0.66 (n=157) 


Relapse
2
 0.41 (n=50) 0.44 (n=67) 


1
Toxicity included all days spent with Grade 3 / 4 AEs after randomisation and prior to disease 


progression; 


TWiST: Time period without symptoms of toxicity or disease progression 


2
Relapse includes period till death or end of follow-up 
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Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


Yes- EQ-5D questionnaire was used 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 


 


Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


“the lapatinib plus capecitabine combination provided significantly greater Q-TWiST than did 


capecitabine alone. The full impact of the combination cannot be determined, because of the early 


closure to accrual and subsequent cross over, but it is likely that the average 7 weeks improvement is 


an underestimate of the overall benefits” 


What are the implications of the study for the model 


The utility value for the “relapse” health state could be used to inform the “distant recurrence” health 


state in the CE model. 


 


Criteria for assessment of study relevance to NICE reference case (adapted from{843)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y (for one of the 


health states of the 


model) 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


? 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


N 


?: unclear 


 







231 


 


Reference (Lead author, year, refid) 


Hildebrandt, 2014
93


 


Study Characteristics 


 


Research question 


What are the stated objectives of the study? 


To investigate health utilities as cardinal values of the individual’s preferences for specific health-


related outcomes in women treated in Germany in the fields of gynaecological oncology and 


mastology in order to provide local data from Germany. 


 


Describe the type of study and study design. 


Cross-sectional survey from May 2009 to December 2009 


Was the sample from i) the general population, ii) patients with the disease of interest, iii) individuals 


with knowledge of the disease, iv) other? 


Are inclusion/exclusion criteria clearly described? Do these exclude any individuals that may be 


relevant (eg >80 years)? 


The sample included patients (both men and women) who were affected by breast, cervical, 


endometrium, ovarian and other gynaecological cancer as well as healthy individuals. 


 


Limited information was provided; relevant individuals do not appear to be excluded 


 


What are the characteristics of the baseline cohort for the evaluation? 


Age  


 All patients with 


disease 


Median age, years  59.07 


Range, years 20.12 – 83.33 


 


 


Sex Female: 99.4%; Male: 0.6%  


Race (if appropriate) Not reported 


Indication / disease Patients with breast, ovarian, endometrial, cervical, and other 


gynaecological cancer.  


Other characteristics (sample 


size) 


Number taking part in the survey: n=655 (including 63 healthy 


controls) 
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Number with disease: n=592 


Number of patients with breast cancer: n= 497 (including 3 men) 


QoL instrument  EQ-5D 


Utility values, (Y/N) Yes 


Treatment effect, if reported Not reported 


Country/ setting 


What is the country and setting for the evaluation?  


Germany; Surgical and conservative oncological wards, specialist Outpatient Department for Breast 


diseases and Outpatient gynaecological oncology department. 


 


Data Sources 


Effectiveness 


Were the QoL data derived from: a single (observational) study, a review / synthesis or combination 


of previous studies, expert opinion?  


Single study  


 


Results 


Summarise the results 


Breast cancer n Min Max Median 


Overall 442 0.063 1.000 0.8870 


Primary disease 312 0.262 1.000 0.8870 


Metastatic disease 80 0.063 1.000 0.8870 


Recurrent disease 21 0.175 1.000 0.8870 


Both 29 0.788 1.000 0.8870 
 


 


Were the methods for deriving these data adequately described (give sources if using data from other 


published studies)? (Was a valid preference based instrument used to describe health states, such as 


EQ-5D? Was the valuation of health states from the UK general population?)  


EQ-5D valuation from German population 


 


Mapping  


If a model was used, describe the type of model (eg. regression) or other conversion algorithm 


Not applicable 
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Conclusions/ Implications 


Give a brief summary of the author’s conclusions from their analysis 


In patients with breast cancer, those with primary disease had the highest values of QoL as measured 


by EQ-5D VAS (not data extracted).QoL declined if the disease was already advanced. However, this 


difference was not evident from the EQ-5D health index, which had a consistent value at 0.8870. 


What are the implications of the study for the model? 


The study could be used as a reference point for assuming similar utility values for “recurrence” and 


“metastatic” possible health states within the independent model.  


 


 


Criteria for assessment of study relevance to NICE reference case (adapted from
12


)   


Relevance questions Requirement for 


NICE (Y/N) 


Do the population characteristics (eg age, sex, co-morbidities, diagnosis, 


severity of disease) in the study match those described in the decision 


problem of the review and those modelled? 


Y 


Was a generic preference-based instrument (preferably EQ-5D) used to 


describe the health states? 


Y 


Was the change in HRQoL taken directly from the patient population? Y 


Was the valuation of changes in patients’ HRQL undertaken from the general 


(UK) population?  


N 


Was the technique used to value the health states a choice-based method 


(such as TTO)? 


Y 


Y: Yes; N: No; ?: Unclear 


 


 







234 


 


Appendix 10 Critical appraisal checklist for HRQoL studies 


Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


Conceptual 


Study objectives  Were the 


objectives of the 


study clearly 


stated? HRQoL 


primary or 


secondary 


outcome?  


Yes-


secondary 


outcome 


Yes- 


primary 


outcome 


Yes- primary 


outcome 


Yes- 


primary 


outcome 


Yes- 


primary 


outcome 


Yes- 


primary 


outcome 


Yes- 


primary 


outcome 


Yes- 


secondary 


outcome 


Yes- 


primary 


outcome 


HRQoL 


instrument  


Was a reason 


provided to justify 


the HRQoL 


instrument 


selected? Was a 


validated tool used 


to assess QoL?  


Yes Yes Yes Yes Yes Yes Yes Yes Yes 


Methodology 


Study design Was the design of 


the study clearly 


described? (eg 


cohort, cross 


Yes Yes 


 


Yes 


 


Yes Yes Yes Yes Yes- RCT 


was 


described 


elsewhere 


Yes 
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Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


sectional, survey) 


Respondent 


selection and 


recruitment  


 


Was the sampling 


method for 


recruitment of 


participants 


adequately 


described?  


Yes 


 


Yes Yes 


 


Yes Yes Yes Yes Yes Yes 


Inclusion/exclusion 


criteria 


Are 


inclusion/exclusion 


criteria clearly 


described?  


 


Do these exclude 


any individuals 


that might be 


relevant? 


(eg very 


elderly >80 years 


old) 


 


Yes- 


eligibility 


criteria 


were 


described; 


 


 


No- 


relevant 


patient 


population 


was 


included 


Yes- 


eligibility 


criteria 


were 


described; 


 


 


No- 


relevant 


patient 


population 


was 


included 


Yes; 


 


 


 


 


The study did 


not include 


patients <65 


yrs 


No- limited 


details 


were 


provided; 


 


 


?-It is 


unclear if 


the study 


excluded 


any 


individuals 


that might 


be relevant 


Yes; 


 


 


 


 


The study 


did not 


include 


those 


aged >65 


yrs  


No; 


 


 


 


 


?- It is 


unclear if 


the study 


excluded 


any 


relevant 


individuals 


Yes; 


 


 


 


 


No- 


relevant 


patient 


population 


was 


included 


Yes- 


reference 


provided; 


 


 


No-


relevant 


patient 


population 


was 


included 


No 


 


Limited 


information 


was 


provided 


but it could 


be assumed 


that no 


relevant 


groups 


were 


excluded. 
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Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


Participant 


characteristics  


Were 


characteristics of 


participants 


clearly described? 


(demographics 


and clinical 


variables) 


Yes Yes 


 


Yes Yes Yes ? Yes Yes- 


reference 


provided 


No 


Sample size Was the sample 


size used 


appropriately 


justified?  


Yes No- but the 


sample size 


was 


adequately 


large 


? The sample 


size for the 


randomisation 


and that for 


the CE model 


were different 


Yes No No No No- trial 


was 


stopped 


early 


before 


sample 


size 


reached 


No 


Instrument 


administration 


Is it reported who 


and/or in which 


clinical setting the 


instrument was 


administered?  


Yes Yes Yes Yes Yes Yes Yes No Yes 


Timing of Is the timing of Yes Yes Yes Yes Yes Yes Yes Yes No 
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Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


assessments assessments 


reported? (eg 


baseline and/or at 


follow-up or after 


treatment) 


 


Results 


Response rates to 


instrument used  


Are response rates 


reported and if so, 


are the rates likely 


to be a threat to 


validity?  


Yes- 


response 


rates were 


reported; 


 


 


No- the 


rates are 


not likely 


to threaten 


the 


validity of 


results 


Yes- 


response 


rates were 


reported;  


 


 


There was 


low 


response 


rates from 


women 


with 


recurrence 


compared 


to those 


Yes- response 


rates were 


reported; 


 


 


 


No- the rates 


are not likely 


to threaten the 


validity of 


results 


Yes- the 


response 


rates were 


reported; 


 


 


No- the 


rates are 


not likely 


to threaten 


the validity 


of results 


Yes- 


response 


rates were 


reported; 


 


 


No- the 


rates are 


not likely 


to threaten 


the 


validity of 


results 


Yes- 


response 


rates were 


reported; 


 


 


No- the 


rates are 


not likely 


to threaten 


the validity 


of results 


Yes- 


response 


rates were 


reported; 


 


 


No- the 


rates are 


not likely 


to threaten 


the 


validity of 


results 


No- the 


response 


rates were 


not 


reported; 


 


?-Possibly 


the rates 


could 


threaten 


the 


validity of 


the results 


No- the 


response 


rates were 


not reported; 


 


 


N/A 
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Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


without 


recurrence. 


Loss to follow-up Is the loss to 


follow-up reported 


and are reasons 


given?  


 


 


Are these likely to 


threaten the 


validity of results? 


(eg characteristics 


of non-responders 


different to 


responders)  


Yes- loss 


to follow-


up was 


reported; 


 


 


No-they 


are not 


likely to 


threaten 


validity of 


results 


No- loss to 


follow-up 


was not 


reported; 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the validity 


of the 


results 


 


Yes- loss to 


follow-up was 


reported; 


 


 


 


No-they are 


not likely to 


threaten 


validity of 


results 


No- loss to 


follow-up 


was not 


reported; 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the validity 


of the 


results 


 


Yes- loss 


to follow-


up was 


reported; 


 


 


No-they 


are not 


likely to 


threaten 


validity of 


results 


No- loss to 


follow-up 


was not 


reported; 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the validity 


of the 


results 


 


Not 


applicable; 


 


 


 


 


?-It is not 


clear 


Yes- loss 


to follow-


up was 


reported; 


 


 


No-they 


are not 


likely to 


threaten 


validity of 


results 


No-loss to 


follow up 


was not 


reported 


 


 


?-It is not 


clear 


 


 


Missing data Are the levels of 


missing data 


reported?  


 


Yes- 


missing 


data were 


reported; 


No- 


missing 


data were 


not 


Yes- missing 


data were 


reported; 


 


Mixed 


model 


regression 


and 


Yes- 


missing 


data were 


reported; 


Yes- 


missing 


data were 


reported; 


Yes- 


missing 


data were 


reported; 


Yes- 


missing 


data were 


reported; 


No- missing 


data were 


not reported; 
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Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


 


How are they dealt 


with? Could this 


threaten the 


validity of results?  


 


 


 


 


No- they 


are not 


likely to 


threaten 


the 


validity of 


the results 


reported; 


 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the validity 


of the 


results 


 


 


 


 


No- they are 


not likely to 


threaten the 


validity of the 


results 


generalised 


linear 


modelling 


allowed for 


the 


inclusion 


of patients 


with 


missing 


data over 


time on the 


assumption 


that the 


data were 


missing at 


random. 


 


 


 


 


? Not 


clear; 


however 


subset of 


27 patients 


with 


complete 


data 


showed 


similar 


results. 


 


 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the validity 


of the 


results 


 


 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the 


validity of 


the results 


 


 


 


 


It is not 


clear if 


these were 


likely to 


threaten 


the 


validity of 


the results 


 


 


 


 


It is not clear 


if these were 


likely to 


threaten the 


validity of 


the results 


Statistical analysis  Were appropriate 


statistical methods 


used?  


Yes Yes Yes Yes Yes ? Yes Yes Only 


descriptive 


statistics was 


presented. 


Interpretation 
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Criteria 


Adapted from
59-62


 


Issues to consider 


 


 Studies   


Turnbull 


et al.
87


 


Freedman 


et al
88


 


Prescott et 


al.
86


 


Serra et 


al.
89


 


Conner-


Spady et 


al.
92


 


Robertson 


et al.
90


 


Lidgren 


et al.
91


 


Sherill et 


al.
94


 


Hildebrandt 


et al.
93


 


Study findings Were the key 


findings of the 


study clearly 


stated?  


Yes Yes Yes Yes Yes Yes Yes Yes Yes 


Study limitations  Were limitations 


of the study clearly 


described?  


Yes Yes Yes Yes Yes Yes Yes Yes Yes 


Other  Eg Relevance of 


location (eg 


patients not 


recruited in UK)  


Yes This study 


is not UK 


based 


Yes ? The study 


iss based 


on US 


population 


? The 


study is 


based on 


Canadian 


population 


? This 


study is 


not UK 


based 


? The 


study is 


based on 


Swedish 


population 


? It is 


assumed 


centres 


were in 


the USA 


and the 


UK 


? The study 


is based on 


German 


population 
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Appendix 11.  Complete set of results from deterministic sensitivity analysis, IORT vs EBRT.  


WTP set to £20,000 per QALY. 


Variable description 
Low 


value 


High 


value 


Low value 


increment


al 


NMB (£) 


High value 


incremental 


NMB (£) 


Range 


(£) 


Five-year probability of any other 


recurrence INTRABEAM 
0.029 0.071 5,781 -9,171 14,952 


Five-year probability of any other 


recurrence EBRT 
0.028 0.071 -8,760 5,977 14,737 


Beta coefficient for INTRABEAM 


arm time to local recurrence 


(lognormal) 


-0.815 0.307 -4,512 118 4,630 


Five-year probability of death from 


breast cancer EBRT 
0.014 0.045 -4,150 -346 3,804 


Five-year probability of death from 


breast cancer INTRABEAM 
0.016 0.055 1,051 -2,518 3,569 


Constant - time to local recurrence 


(lognormal) 
3.553 6.383 -3,367 -836 2,531 


Discount rate for utilities 0 0.06 -3,192 -1,042 2,150 


Number of EBRT deliveries required 


to complete a course of treatment 
5 23 -2,604 -832 1,772 


Starting age of model cohort 55 72 -2,273 -757 1,516 


Cost of delivering one fraction 


EBRT 
71 178 -2,211 -877 1,334 


Proportion of incident cases which 


are early BC and suitable for 


INTRABEAM 


0.1 0.5 -2,064 -1,128 936 


Sigma - time to local recurrence 


(lognormal) 
0.072 0.797 -1,110 -2,018 908 


EBRT planning cost 90 704 -1,813 -1,303 510 


Lifetime of INTRABEAM 


equipment (years) 
5 10 -1,973 -1,619 354 


Population served by 1 


INTRABEAM device 
800,004 1,200,000 -1,800 -1,498 302 


Probability of any other recurrence 0.362 0.471 -1,474 -1,764 290 
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given local recurrence 


Proportion of patients requiring 


radiation shield 
0.25 1 -1,463 -1,619 156 


Cost of one hour in operating room 461 688 -1,549 -1,696 147 


Utility recurrence free subsequent 


years 
0.8 0.83 -1,658 -1,555 103 


Additional time required in theatre 


while delivering INTRABEAM 
26.4 33 -1,540 -1,619 79 


Discount rate for costs 0 0.06 -1,583 -1,658 75 


Prop of INTRABEAM who also 


received EBRT 
0.135 0.17 -1,583 -1,657 74 


Utility associated with other 


recurrence state 
0.63 0.74 -1,592 -1,647 55 


Cost of staff time in theatre per hour 


of delivery time 
122 182 -1,603 -1,636 33 


Additional time required in theatre 


while planning INTRABEAM 
4.8 7.2 -1,603 -1,635 32 


Staff time required in supporting 


delivery of each INTRABEAM dose 
61 92 -1,604 -1,635 31 


Prop of INTRABEAM patients 


having mastectomy at local 


recurrence 


0.618 0.933 -1,611 -1,625 14 


Cost of staff time in theatre per hour 


of planning time 
203 303 -1,614 -1,624 10 


Cost of wide local excision 1248 1866 -1,614 -1,624 10 


Cost of independent technical 


commissioning and calibration per 


year 


2062 3080 -1,615 -1,623 8 


Cost of mastectomy and 


reconstruction 
6362 9431 -1,617 -1,621 4 


Initial set up costs of INTRABEAM 4847 7239 -1,618 -1,620 2 


Cost of mastectomy alone 2122 2931 -1,619 -1,621 2 


Cost of annual radiation protection 


refresher training for theatre staff 
745 1113 -1,618 -1,620 2 


Cost of pre-treatment QC checks 20 31 -1,619 -1,619 0 


Proportion having reconstruction 0.304 0.318 -1,620 -1,620 0 
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after mastectomy 


Utility recurrence free first year after 


WLE+RT 
0.76 0.79 -1,619 -1,619 0 


 








National Institute for Health and Care Excellence 


Centre for Health Technology Evaluation 
 


Pro-forma Response  
 


Executable Model 
 


INTRABEAM Photon Radiotherapy System for the adjuvant 
treatment of early or locally advanced breast cancer [ID618] 


The economic model enclosed and its contents are confidential and are 
protected by intellectual property rights, which are owned by Southampton 
Health Technology Assessment Centre (SHTAC), University of 
Southampton. It has been sent to you for information only. It cannot be used 
for any other purpose than to inform your understanding of the appraisal. 
Accordingly, neither the model nor its contents should be divulged to anyone 
other than those individuals within your organisation who need to see to them 
to enable you to prepare your response. Those to whom you do show the 
documents must be advised they are bound by the terms of the Confidentiality 
Acknowledgement and Undertaking Form that has already been signed and 
returned to the Institute by your organisation.   


You may not make copies of the file and you must delete the file from your 
records when the appraisal process, and any possible appeal, are complete.  
If asked, you must confirm to us in writing that you have done so. You may 
not publish it in whole or part, or use it to inform the development of other 
economic models.  


The model must not be re-run for purposes other that the testing of its 
reliability.  


Please set out your comments on reliability in writing providing separate 
justification, with supporting information, for each specific comment made.  
Where you have made an alteration to the model details of how this alteration 
was implemented in the model (e.g. in terms of programme code) must be 
given in sufficient detail to enable your changes to be replicated from the 
information provided.  Please use the attached pro-forma to present your 
response.  
 
Please prepare your response carefully. Responses which contain errors or 
are internally inconsistent (for example where we are unable to replicate the 
results claimed by implementing the changes said to have been made to the 
model) will be rejected without further consideration. 
 
Results from amended versions of the model will only be accepted if their 
purpose is to test robustness and reliability of the economic model. Results 
calculated purely for the purpose of using alternative inputs will not be 
accepted. 







No electronic versions of the economic model will be accepted with your 
response. 
 
Responses should be provided in tabular format as suggested below (please 
add further tables if necessary). 


April 2014 







Issue 1       


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


SHTAC draft and model emphasize 
‘recurrence’ while the TARGIT-A 
randomised trial clearly shows that 
‘mortality’ to be the outcome measure in 
the following health economic study.    


a) Vaidya et al [1] have conducted a non-inferiority trial 
concluding that in terms of recurrence, the 
INTRABEAM treatment in pre-pathology stratum is 
not inferior to EBRT. Therefore, the main outcome 
measure of the health economic model is to be 
‘number of deaths’ in both arms. 


b) Carl-Zeiss model based on this data [1] shows loss of 
LYGs/QALYs. 


c) SHTAC states that there is not sufficient information on 
the proportions of each type of recurrence and find it 
inappropriate to include the post-progression costs in 
the base case analysis. 


d) SHTAC’s scenario analysis with assumptions and 
inclusion of post-progression costs shows an ICER of 
only 157 pounds per QALY lost.  


e) SHTAC model uses utility values from two different 
sources, COMICE trial and Lidgren et al [2, 3]. Use of 
model health state ‘any other recurrence’ and assigned 
low utility value are questionable. 


Higher LYGs and QALYs are expected at the 
low INTRABEAM cost. 


Issue 2  


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


a) SHTAC draft states the fewer 
deaths in INTRABEAM arm are 


a)       Vaidya et al 2013 [1] have not given mean age of 
the populations in both arms rather age group wise 


SHTAC‘s assumption of the lower death 
rate in the INTRABEAM group by chance 







due to chance and due to 0.5 
year younger mean age of the 
population in this arm. 


included patients are shown in the web appendix 
e-table 1 and those are comparable in both arms. 


b)       SHTAC ignores the fact that the whole breast 
radiation is associated with cardiac toxicity and 
ionizing radiations increase the subsequent rate of 
ischemic heart disease [4].  


c)       In the lead data source article by Vaidya et al [1] 
cardiac deaths in the whole breast radiation arm 
are four times higher than in INTRABEAM arm. 


d)       Inclusion of deaths caused by ischemic bowel and 
stroke in the EBRT group would increase the 
death rate in this group to five and half times to the 
cardiovascular deaths in the INTRABEAM group. 


is erroneous. Model emphasizing survival 
in both arms would show higher LYGs 
and QALYs for INTRABEAM. 


Issue 3       


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


Mastectomy in patients with local 
recurrence. 


SHTAC draft states that as per the clinical 
advice to AG mastectomy is a common 
practice after local recurrence. 


In a model with 40 years’ time horizon repeat lumpectomy 
could be considered for local recurrence (as in Carl-Zeiss 
model). 


Results from a large observational study of women with early 
breast cancer "provide confidence" that breast-conserving 
therapy is "an effective alternative" to mastectomy. Less 
invasive breast conserving therapy which is a combination of 
lumpectomy and radiation, provides better survival [5].  


More women will be going for breast reconstruction because of 
better access to information. With surgical advances and 
increasing patient awareness towards treatment options and 
rising consciousness towards self-appearance and rebuilding 
of body image for self-confidence are likely to bring the change 


Costs associated with mastectomy + 
reconstruction would be more appropriate for 
EBRT patients as conservative lumpectomy 
and breast conservation is not an option after 
whole breast irradiation. This may result in 
higher long term EBRT costs making 
INTRABEAM cost effective. 







in the practice of mastectomy [6]. 


 


 


Issue 3  


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


SHTAC: Following mastectomy, 50% 
patients opting for reconstruction. 


Breast reconstruction has its benefits in body image, self-
esteem, sexuality, and quality of life for the women traumatized 
by the breast cancer. Breast reconstruction has been shown to 
yield important psychosocial and quality of life benefits for 
patients with breast cancer that have undergone mastectomy 
[7-9]. Given the important psychosocial functions of the female 
breast in human society, breast reconstruction is a key 
consideration in the multidisciplinary management of breast 
cancer. As noted above in issue 3, the reconstruction figures 
are bound to increase in the coming years [10]. Relying on 
figures used in SHTAC model would be unrealistic to calculate 
the costs for next 40 years. 


Mastectomy followed by reconstruction would 
increase the costs in EBRT arm significantly 
and will render it not cost effective. 


 


 


Issue 4  


 


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


SHTAC has done analysis from NHS 
perspective which is a norm in England. 
However, SHTAC draft recognizes the 


The drawbacks of whole breast irradiation include cost, 
duration of treatment, lost productivity and inconvenience to 


Keeping a 40 year time horizon, expected 
societal changes and societal demands in 
view, there is a need of incorporation of 







impact of INTRABEAM use on the QoL of 
patients. It is also recognized that the use 
of INTRABEAM would reduce the 
productivity losses and would improve 
societal resources. 


patients [11]. 


In a long term future analysis done for costs and 
consequences for 40 years, these facts can’t be ignored. 
Evolving health care systems, changing patient’s expectations 
and need to use every possible societal resource in an aging 
population need to be considered in an analysis spanning over 
four decades. 


‘other’ costs in the analysis. We may have to 
think in the same way as we do for 
‘discounting’ for future. Pure payer’s 
perspective would not show realistic results 
for a time frame extending up to year 2054. 


 


 


 


 


 


Issue 5        


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


SHTAC draft states EAC of GBP 53,025. The additional staff resources required for use (table 28) is 
less. Several additional hours are not needed in practice [expert 


opinion]. Also the additional time in the operating theatre is 30 
minutes in average since sentinel lymph node evaluation is 
done at the same time.  


INTRABEAM EAC and operating theatre 
costs are expected to be lower in the model. 


 


Issue 6        


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


Demand of INTRABEAM page 104-105, 
proportion of patient’s suitable for 


The demand taking into account the ASTRO suitable group is 
31 % 2232. /. 708 [Vaidya et al]. Also the elderly population 


Calculated costs per procedure are expected 







INTRABEAM is 16 %. suitable according to ASTRO with patients >= 60 is growing 
during the next 40 years. For cautionary / unsuitable patients 
INTRABEAM can be used as boost and increases the usage to 
90 % of breast patients. A research abstract is submitted 
showing that INTRABEAM could be used for 30.1 % of all 
breast cancer patients [12]. 


to be lower as in table 33. 


 


Issue 7        


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


Relevance to NHS page 124 chapter 6 
states 412 linear accelerators will be 
required by 2016. 


The proportion of cases is more than 30 % with INTRABEAM 
an can free up the demand for the linear accelerators and 
therefore save higher investment costs for the LINACS. Also 
with the growing elderly population patients above 60 can be 
treated with INTRABEAM and save LINAC slots. 


Moreover, researchers have voiced the need for change in 
practices based on evidence and move forward with adopting 
safe new treatments in order to make them available to the 
patients in need [13]. 


 


 


The need for additional investments for linear 
accelerators is expected to increase the costs 
for the standard EBRT therapy. 
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Appendix D – patient expert statement template 
 


 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Multiple Technology Appraisal (MTA) 
  


 
 
National Institute for Health and Care Excellence 
Patient expert statement template 
Multiple Technology Appraisal of [long form title]  


Intrabeam targeted intraoperative radiotherapy for the treatment of early 
or locally advanced breast cancer 


 
Thank you for agreeing to give us your views on the technology and the way it should 
be used in the NHS. 
 
Patients and patient advocates can provide a unique perspective on the technology, 
which is not typically available from the published literature. 
 
To help you give your views, we have provided a template. The questions are there 
as prompts to guide you. You do not have to answer every question. Please do not 
exceed the 8-page limit. 
 
 
 


About you   
 
Your name: Marcelle Clark 
 
 
Name of your organisation: Freelance novelist, journalist and teacher 
 
 
 
Are you (tick all that apply): 
 


- a patient with the condition for which NICE is considering this technology? 
 
- a carer of a patient with the condition for which NICE is considering this 


technology? 
 


- an employee of a patient organisation that represents patients with the 
condition for which NICE is considering the technology? If so, give your 
position in the organisation where appropriate (e.g. policy officer, trustee, 
member, etc) 


 
- other? (please specify) 


 


 
 
What do patients and/or carers consider to be the advantages and 
disadvantages of the technology for the condition? 


 
1. Advantages 
(a) Please list the specific aspect(s) of the condition that you expect the technology to 
help with. For each aspect you list please describe, if possible, what difference you 
expect the technology to make. 







Appendix D – patient expert statement template 
 


 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Multiple Technology Appraisal (MTA) 
  


 
 
National Institute for Health and Care Excellence 
Patient expert statement template 
Multiple Technology Appraisal of [long form title]  


 
Dramatically reduced timespan between diagnosis and end of treatment. 
The difference this makes to physical condition and mental attitude is inestimable. 
I am told that the repeated hospital visits necessitated by EBRT seem endless, no 
matter how caring the staff.  
 
Another result of the above is that one does not have time to feel like a ‘breast 
cancer sufferer.’  There is an immediate sense of well-being,  Added to that is 
continuous good quality of life. 
 
Precise targeting of tumour. 
This gives confidence to the patient that there is no ‘dancing in the dark.’  The 
surgeon pinpoints exactly the (possibly tiny) spot to target with Intrabeam. . Certainly 
in my experience there were no side effects such as local tenderness, swelling, 
reduced range of movement or change in breast appearance.  All of which I 
understand are regularly experienced after EBRT.  
 
Other organs are spared the effects of radiation. It is now accepted that there is no 
level of radiation which does not adversely affect the heart. Following whole-breast 
radiation, non-breast cancer deaths or long term illness can be attributable to heart 
damage and other cancers, including of the lungs and oesophagus. With Intrabeam, 
the results of a major trial (The Lancet Nov.11.2013) showed that deaths from 
causes other than breast cancer were lower in the TARGIT trial group than in women 
who received standard radiotherapy – only 1.3% compared with 4.4%. 
 
Intrabeam treatment can be repeated in the same breast if necessary.  I understand 
that this is not possible with EBRT since breast tissue will not tolerate further 
radiation.  I further understand that if breast cancer recurs, it may well do so in the 
same breast and even in the same quadrant.  Intrabeam could then be used again. 
But if EBRT has already been used, mastectomy might be the only recourse. 
 
Rapidity of Intrabeam  delivery. 
Because this is done immediately after the tumour is removed, there is vastly 
reduced risk of cancer cells repopulating.  This detrimental process may take place in 
the time allowed for the wound to heal before EBRT.  This may be many weeks. If 
chemotherapy is also used, as in more aggressive cancers, radiation may be delayed 
by six months.  
 
 
(b) Please list any short-term and/or long-term benefits that patients expect to gain 
from using the technology. These might include the effect of the technology on: 
   


1. The course of the condition is drastically curtailed with Intrabeam. So recovery 
is much faster.  What is normally a prolonged illness becomes virtually a single 
episode. And then it’s over, except for medication and check-ups. 
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NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Multiple Technology Appraisal (MTA) 
  


 
 
National Institute for Health and Care Excellence 
Patient expert statement template 
Multiple Technology Appraisal of [long form title]  


2.  Certainly in my case there were no physical symptoms resulting from the use 
of Intrabeam. I merely had the results of the surgery – and those were 
minimal. 


 
3 Pain was virtually non-existent.  I really had none at any time – I did not even 


use the morphine on demand button on my robe. 
 
4 No disability beyond taking care of the right arm for several weeks, not lifting 


weights, ironing etc.  Certainly nothing permanent. 


 


5  Mental health – excellent as a result of not worrying about my treatment. 


 


6 My life-style is unaffected.  My worklife is busier than it has ever been, our 
social life is far too busy. 


 
 


7 My various employers do not even know I had breast cancer.  


 
8.  My family – husband and three adult children – are entirely aware of my health 
issues. But thanks to the speed and efficacy of Intrabeam, their anxiety for me is 
minimal: our family life is just as it was prior to my diagnosis. Maybe closer. 
The same is true of friends.  And my women friends, should they find themselves in 
my situation, would I think prefer intrabeam themselves. 
 
 
 
 


What do patients and/or carers consider to be the advantages and 
disadvantages of the technology for the condition? (continued) 
 
2. Disadvantages 
Please list any problems with or concerns you have about the technology. 
Disadvantages might include: 
 - aspects of the condition that the technology cannot help with or might make           
              worse.    
 - difficulties in taking or using the technology 
 - side effects (please describe which side effects patients might be willing to             
              accept or tolerate and which would be difficult to accept or tolerate) 
 - impact on others (for example family, friends, employers) 
 - financial impact on the patient and/or their family (for example cost of travel  
              needed to access the technology, or the cost of paying a carer). 
 
 
 
 
 







Appendix D – patient expert statement template 
 


 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Multiple Technology Appraisal (MTA) 
  


 
 
National Institute for Health and Care Excellence 
Patient expert statement template 
Multiple Technology Appraisal of [long form title]  


I can think of no disadvantages.  Intrabeam takes place while the patient is 
unconscious: no question of ‘using’ technology.  
There are no side-effects, certainly not in my case. And I don’t think for anyone. 
Repeated travel for radiotherapy sessions is not required.  
The effects of conventional radiotherapy - tiredness, inability to work, low mood or 
depression – are virtually non-existent with Intrabeam, certainly in my experience. 
 I have discussed these issues with other women at the breast clinic and I am not 
unusual – the enthusiasm for Intrabeam among patients is general. 
 
A very real concern about the technology is availability.  Financially, as things stand, 
Intrabeam is available to only a limited number of potential patients.  I was lucky 
enough to have health insurance. Without that, lntrabeam would have been 
unaffordable for me.  With conventional radiotherapy,   I would have been adversely 
affected in many ways: physical, emotional, financial (loss of earnings.) 
 
3.  Are there differences in opinion between patients about the usefulness or 
otherwise of this technology? If so, please describe them. 
 
Every woman I have met who has had Intrabeam (I have had many conversations 
with them at the breast clinic) has been delighted.  Women with breast cancer 
conventionally treated to whom I have talked have without exception wished they had 
known about it. In fact, I have to be very careful talking to such women.  If someone 
has had traditional treatment, I do not want to suggest they could have done better 
elsewhere.   
 
 
4. Are there any groups of patients who might benefit more from the technology than 
others? Are there any groups of patients who might benefit less from the technology 
than others?  
 
From everything I know and have read, at the present moment wider use of 
Intrabeam would benefit women of 45 and over with early breast cancer if they are 
suitable candidates physically.   
Women living alone would I think find Intrabeam especially beneficial. (And there are 
a lot of older women who live alone.)  Finding support for protracted care, or for 
hospital visits, may be problematic for them. Intrabeam reduces the need for both. 
 
Patients in remote rural areas would in particular benefit from Intrabeam.  For several 
years we lived in a Northamptonshire village, where eventually even the irregular 
local bus service was terminated.  Any woman of limited means in such an area 
would inevitably ace real difficulty in making daily hospital visits for radiotherapy. Or 
the cost would be borne by local social services. 
And I also understand that women living in really remote areas in parts of Scotland, 
for example, have to have mastectomies because repeated hospital visits for EBRT 
would be impossible and they cannot remain away from home for the length of time 
treatment would take. 
 
 
I can think of no group who would not benefit from Intrabeam. 
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Comparing the technology with alternative available treatments or 
technologies 
 
NICE is interested in your views on how the technology compares with with existing 
treatments for this condition in the UK. 
 
(i) Please list any current standard practice (alternatives if any) used in the UK. 
 
I know only about the alternatives I was offered by Guys’ and St.Thomas’ –first 
lumpectomy followed by five weeks of EBRT.  Later in the same consultation a 
double mastectomy was proposed (I don’t know what the locum breast consultant 
was going to suggest after that, I was beyond asking questions at that point.)   It 
makes me feel depressed even to contemplate that I might have gone down either 
route. 
 
So as far as I am concerned, Intrabeam is a godsend. 
 
 
 
(ii) If you think that the new technology has any advantages for patients over other 
current standard practice, please describe them. Advantages might include: 
 - improvement in the condition overall  


- improvement in certain aspects of the condition 
 - ease of use (for example tablets rather than injection)  


- where the technology has to be used (for example at home rather than in  
  hospital) 


 - side effects (please describe nature and number of problems, frequency,  
              duration, severity etc.) 
 
 


Answered at length under heading:  


What do patients and/or carers consider to be the advantages and 
disadvantages of the technology for the condition? 
 
 
 
 
 
 
(iii) If you think that the new technology has any disadvantages for patients 
compared with current standard practice, please describe them. Disadvantages 
might include:  
 - worsening of the condition overall 
  - worsening of specific aspects of the condition 


- difficulty in use (for example injection rather than tablets) 
- where the technology has to be used (for example in hospital rather than at    
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  home) 
- side effects (for example nature or number of problems, how often, for how  
  long, how severe). 
  


 
I can think of no disadavantages arising from the use of Intrabeam 
 


 


 
Equality and Diversity 
 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this appraisal: 
 
 - Could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which [the treatment(s)] is/are/will 
be licensed; 
- Could lead to recommendations that have a different impact on people 
protected by the equality legislation than on the wider population, e.g. by making it 
more difficult in practice for a specific group to access the technology; 
- Could lead to recommendations that have any adverse impact on people with 
a particular disability or disabilities 
 
Please tell us what evidence should be obtained to enable the Committee to identify 
and consider such impacts  
 
 
I can think of no cases or groups who would not benefit immensely by the use 
of Intrabeam.  
 
 
Research evidence on patient or carer views of the technology 
 
If you are familiar with the evidence base for the technology, please comment on 
whether patients’ experience of using the technology as part of their routine NHS 
care reflects that observed under clinical trial conditions. 
 
 
 
Are there any adverse effects that were not apparent in the clinical trials but have 
come to light since, during routine NHS care? 
 
Not as far as I am concerned 
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Are you aware of any research carried out on patient or carer views of the condition 
or existing treatments that is relevant to an appraisal of this technology? If yes, 
please provide references to the relevant studies. 
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Availability of this technology to patients in the NHS 
 
What key differences, if any, would it make to patients and/or carers if this technology 
was made available on the NHS? 
 
It seems to me beyond question that Intrabeam should be available on the NHS.  
The simplicity of Intrabeam for patients cannot be exaggerated. They and their carers 
must benefit because there is no prolonged treatment necessitating extensive 
nursing and repeated travel.   
Patients would recover far sooner than with conventional treatment. Therefore they 
would require less hospital care; less help with physically demanding tasks at home, 
so less help from eg social services, friends, partners. 
They would not require prolonged sickness leave from work. 
 
The Southampton Report says that more training and equipment would be necessary 
if Intrabeam were introduced.  But we know our ageing population will inevitably 
produce greatly increased numbers of breast cancer cases. This is already 
happening. We know that there is increasing pressure on the NHS to care for cancer 
sufferers generally, particularly older people. This is already a matter for concern. 
So more staff must be trained, and more equipment will be needed, in any event. 
Add to that the fact that many hospitals have increasingly old equipment in use. 
The Southampton Report acknowledges that Intrabeam is cheaper.  The machines 
are around £300,000 apiece. But because Intrabeam emits far less radiation ‘scatter’ 
they do not need a protective environment as do conventional radiotherapy 
machines.  Running costs are half that of standard breast-radiation equipment.  The 
single delivery method frees up staff and equipment. 
 
 
What implications would it have for patients and/or carers if the technology was not 
made available to patients on the NHS? 
 
Women who live alone and have to undergo conventional EBRT may have to make 
arrangements for long-term nursing help.  They may well need help from friends or 
family to attend appointments and to do this for five weeks or so  could present very 
real problems. 
 
Older women may well be carers for partners – as I have been on occasion when my 
husband had for example heart surgery, and later a stroke.  Such a woman 
undergoing longterm conventional breastcare treatment would be presented with a 
whole new set of problems for which she must find solutions.  This could be both 
difficult and costly.  Indirectly, it could cost cost the country more than the actual  
NHS costs, because social services would  possibly  be involved in providing carers 
in her place. 
 
 
Are there groups of patients that have difficulties using the technology? 
 
I cannot envisasge difficulties for any woman associated with Intrabeam. 







Appendix D – patient expert statement template 
 


 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Multiple Technology Appraisal (MTA) 
  


 
 
National Institute for Health and Care Excellence 
Patient expert statement template 
Multiple Technology Appraisal of [long form title]  


 
 


 


Other Issues 
 
Please include here any other issues you would like the Appraisal Committee to 
consider when appraising this technology.  
 
I believe that several hospitals around the country are already in the process of 
raising money to acquire their own Intrabeam machines – The Great Western 
Hospital in Swindon, Wiltshire, for example, where the surgeon Nathan Coombs is in 
charge.   If individual hospitals are already moving to Intrabeam,and the NHS does 
not do so as a matter of policy, then once more a healthcare postcode lottery 
situation will be in place.  Which is surely to be avoided if at all possible.   
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Thank you for the opportunity to comment on the assessment report for the above 
multiple technology appraisal. 
  
I wish to confirm that the Department of Health has no substantive comments 
to make, regarding this consultation. 
  
Many thanks and best wishes 
  
NICE Sponsor Team 


Department of Health 
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Dear XXXXX 
 
This is to inform you that there is no evidence to submit on behalf of the Royal 
College of Nursing to inform on the above consultation. 
 
Thank you for the opportunity, we look forward to participating in the next stage of 
the process. 
 
Please acknowledge receipt. 
 
Kind Regards,  
 
 
XXXXXXXXXXX 
XXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Royal College of Nursing | Room 203 | 20 Cavendish Square | London W1G 0RN  
 
Tel. 020 7647 3673/Fax. 0207 647 3498 | XXXXXXXXXXXXX| www.rcn.org.uk 
 
The RCN represents nurses and nursing, promotes excellence in practice and shapes health 
policies 
 


 
The RCN represents nurses and nursing, promotes excellence in practice and shapes health 
policies 


 
Check out the new This is nursing website to find out how the RCN is promoting the 
profession and addressing the issues that face it. 


               
 


Please consider the environment before printing this email 



http://www.rcn.org.uk/

http://thisisnursing.rcn.org.uk/
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Just a quick line to say that the experts of the NCRI/RCP have reviewed the Assessment Report and 
found it both comprehensive and thorough. We have no further comments. 


Best wishes 


Professional Affairs| Royal College of Physicians 


11 St Andrews Place | Regent’s Park | London NW1 4LE 


| www.rcplondon.ac.uk | facebook | twitter | linkedin 



http://www.rcplondon.ac.uk/

http://www.facebook.com/RoyalCollegeofPhysicians

http://twitter.com/

http://www.linkedin.com/company/royal-college-of-physicians






Appendix D– Clinical statement template 
 


NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE 
 


Single Technology Appraisal (STA) 
 


Intrabeam targeted intraoperative radiotherapy for the treatment of early or 
locally advanced breast cancer 


 


 


 
 


Thank you for agreeing to give us your views on the technology and the way it should 
be used in the NHS. 
 
Patients and patient advocates can provide a unique perspective on the technology, 
which is not typically available from the published literature. 
 
To help you give your views, we have provided a template. The questions are there 
as prompts to guide you. You do not have to answer every question. Please do not 
exceed the 8-page limit. 
 
 


About you 
 
Your name:  Mr Michael Douek 
 
 
Name of your organisation:  Association of Breast Surgeons 
 
 
 
Are you (tick all that apply): 
 


- a patient with the condition for which NICE is considering this technology? 
 
- a carer of a patient with the condition for which NICE is considering this 


technology? 
 


- an employee of a patient organisation that represents patients with the 
condition for which NICE is considering the technology? If so, give your 
position in the organisation where appropriate (e.g. policy officer, trustee, 
member, etc) 


 
- other? (please specify) 
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What do patients and/or carers consider to be the advantages and 
disadvantages of the technology for the condition? 
 
1. Advantages 
(a) Please list the specific aspect(s) of the condition that you expect the technology to 
help with. For each aspect you list please describe, if possible, what difference you 
expect the technology to make. 
 
Delivery of adjuvant radiotherapy for breast cancer treatment: 


- as a single treatment rather than 3-5 week course 
- at the time of surgery 
- specifically to the tumour bed (avoiding missing target volume) 


Avoidance of side-effects of radiotherapy: 


- improved cosmetic outcome 
-  


 
Avoidance of mastectomy as only option for breast recurrence: 
- ability to re-excise recurrent disease and proceed with external beam radiotherapy 
 
 
 
 
(b) Please list any short-term and/or long-term benefits that patients expect to gain 
from using the technology. These might include the effect of the technology on: 
 - the course and/or outcome of the condition 
 - physical symptoms 
 - pain 
 - level of disability 
 - mental health 
 - quality of life (lifestyle, work, social functioning etc.) 
 - other quality of life issues not listed above 
 - other people (for example family, friends, employers) 
 - other issues not listed above 
 
Quality of life  


– shorter treatment course 
– improved cosmesis 


Other people 


- less time off work 


Pain / level of disability 
- localised treatment with avoidance of side effects to remaining breast tissue 
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2. Disadvantages 
Please list any problems with or concerns you have about the technology. 
Disadvantages might include: 
- aspects of the condition that the technology cannot help with or might make worse 
- difficulties in taking or using the technology 
- side effects (please describe which side effects patients might be willing to accept 


or tolerate and which would be difficult to accept or tolerate) 
- impact on others (for example family, friends, employers) 
- financial impact on the patient and/or thier family (for example cost of travel needed 


to access the technology, or the cost of paying a carer) 
 
 
Lack of access to the technology at a national level – only 6 NHS sites and only 1 
currently active 
 
Level 1 evidence: lack of 5 year follow-up data on all cohort in TARGIT A Trial 
 
 
 
 
 
 
 
 
3. Are there differences in opinion between patients about the usefulness or 
otherwise of this technology? If so, please describe them. 
 
In general patients support this and are grateful for the reduction in treatment 
duration and avoidance of whole breast radiotherapy.  
 
There are mixed views about this technology amongst clinical and medical 
oncologists 
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4.  Are there any groups of patients who might benefit more from the technology than 
others? Are there any groups of patients who might benefit less from the technology 
than others? 
 
The patients who benefit more are: 


1. those not suitable for external bream radiotherapy and who would avoid 
mastectomy by opting for IORT 


2. Those who meet the TARGIT A trial criteria for pre-pathology randomisation 
3. Patients who meet the ASTRO and ESTRO criteria for the ‘low risk’ group 


 
 
 
 
 
 
 
 
Comparing the technology with alternative available treatments or 
technologies 
NICE is interested in your views on how the technology compares with existing 
treatments for this condition in the UK.  
 
(i) Please list any current standard practice (alternatives if any) used in the UK.  
 
External beam whole breast radiotherapy 
 
 
 
 
 
 
 
 
(ii) If you think that the new technology has any advantages for patients over other 
current standard practice, please describe them. Advantages might include: 
- improvement of the condition overall 
- improvement in certain aspects of the condition 
- ease of use (for example tablets rather than injection) 
- where the technology has to be used (for example at home rather than in hospital) 
- side effects (please describe nature and number of problems, frequency, duration, 
severity etc) 
 
The Intrabeam technique has advantages over external beam radiotherapy – as 
described above. Single fraction, delivered to the tumour bed etc But also no need 
for lead lined operating theatres and no radiation whilst the machine is switched off. 
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(iii) If you think that the new technology has any disadvantages for patients 
compared with current standard practice, please describe them. Disadvantages 
might include:  
- worsening of the condition overall 
 - worsening of specific aspects of the condition 
- difficulty in use (for example injection rather than tablets) 
- where the technology has to be used (for example in hospital rather than at home) 
- side effects (for example nature or number of problems, how often, for how long, 


how severe). 
 
 
Increase in local recurrence rate in data so far. 
 
 
 
 
 
 
 
Research evidence on patient or carer views of the technology 
If you are familiar with the evidence base for the technology, please comment on 
whether patients’ experience of using the technology as part of their routine NHS 
care reflects that observed under clinical trial conditions. 
 
 
 
- 
 
 
 
 
 
 
Are there any adverse effects that were not apparent in the clinical trials but have 
come to light since, during routine NHS care? 
 
- 
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Are you aware of any research carried out on patient or carer views of the condition 
or existing treatments that is relevant to an appraisal of this technology? If yes, 
please provide references to the relevant studies. 
 
- 
 
 
 
 
 
 
 
 
Availability of this technology to patients in the NHS 
What key differences, if any, would it make to patients and/or carers if this technology 
was made available on the NHS? 
 
 
Most important impact would be the avoidance of mastectomy for patients who are 
not suitable for external beam radiotherapy (EBRT). Also, avoidance of EBRT to 
those patients who meet the low risk group of ASTRO / ESTRO guidelines. 
 
 
 
 
 
 
 
What implications would it have for patients and/or carers if the technology was not 
made available to patients on the NHS? 
 
 
Lack of access to IORT within the UK – whilst it is widely available in the USA, Eurpe 
and elsewhere. 
 
 
 
 
 
 
 
Are there groups of patients that have difficulties using the technology? No 
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Equality 
NICE is committed to promoting equality of opportunity, eliminating unlawful 
discrimination and fostering good relations between people with particular protected 
characteristics and others.  Please let us know if you think that this appraisal:   
 
 - could exclude from full consideration any people protected by the equality 
legislation who fall within the patient population for which [the treatment(s)] is/are/will 
be licensed;  
 - could lead to recommendations that have a different impact on people protected by 
the equality legislation than on the wider population, e.g. by making it more difficult in 
practice for a specific group to access the technology;  
 - could lead to recommendations that have any adverse impact on people with a 
particular disability or disabilities.   
 
Please tell us what evidence should be obtained to enable the Committee to identify 
and consider such impacts. 
 
No 
 
 
 
 
 
 
 
Other Issues 
Please consider here any other issues you would like the Appraisal Committee to 
consider when appraising this technology.  
 
Availability of other IORT techniques – particularly ELIOT which does have level 1 
published evidence with longer (5 year) follow-up date 
 
 
 
 


 








National Institute for Health and Care Excellence 


Centre for Health Technology Evaluation 
 


Pro-forma Response  
 


Executable Model 
 


INTRABEAM Photon Radiotherapy System for the adjuvant 
treatment of early or locally advanced breast cancer [ID618] 


The economic model enclosed and its contents are confidential and are 
protected by intellectual property rights, which are owned by Southampton 
Health Technology Assessment Centre (SHTAC), University of 
Southampton. It has been sent to you for information only. It cannot be used 
for any other purpose than to inform your understanding of the appraisal. 
Accordingly, neither the model nor its contents should be divulged to anyone 
other than those individuals within your organisation who need to see to them 
to enable you to prepare your response. Those to whom you do show the 
documents must be advised they are bound by the terms of the Confidentiality 
Acknowledgement and Undertaking Form that has already been signed and 
returned to the Institute by your organisation.   


You may not make copies of the file and you must delete the file from your 
records when the appraisal process, and any possible appeal, are complete.  
If asked, you must confirm to us in writing that you have done so. You may 
not publish it in whole or part, or use it to inform the development of other 
economic models.  


The model must not be re-run for purposes other that the testing of its 
reliability.  


Please set out your comments on reliability in writing providing separate 
justification, with supporting information, for each specific comment made.  
Where you have made an alteration to the model details of how this alteration 
was implemented in the model (e.g. in terms of programme code) must be 
given in sufficient detail to enable your changes to be replicated from the 
information provided.  Please use the attached pro-forma to present your 
response.  
 
Please prepare your response carefully. Responses which contain errors or 
are internally inconsistent (for example where we are unable to replicate the 
results claimed by implementing the changes said to have been made to the 
model) will be rejected without further consideration. 
 
Results from amended versions of the model will only be accepted if their 
purpose is to test robustness and reliability of the economic model. Results 
calculated purely for the purpose of using alternative inputs will not be 
accepted. 







No electronic versions of the economic model will be accepted with your 
response. 
 
Responses should be provided in tabular format as suggested below (please 
add further tables if necessary). 


April 2014 







Issue 1 JH May 2014 


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


8. Conclusion Service Implications 


Significant training for staff (non surgical) 


Looking at SHTAC submission Tables 27 & 
28 


The staffing grades for the non surgical 
staff seem appropriate however we 
consider that a therapeutic radiographer 
should be involved in the pathway of care 
and delivery of this treatment * 


 the profession specific could be different 
but the grades would be the same 


I would not consider the training burden 
outlined by SHTAC to be described as 
considerable. The availability of the 
workforce would be a bigger factor. 


No sure what amendment we would suggest except that its 
important to highlight that the non surgical radiotherapy team 
would have already been trained in the core requirements of 
radiotherapy, and therefore would only require technical 
updating in the process and practice associated with this 
procedure. The principles of radiotherapy remain consistent.  


* Therapeutic radiographers are not mentioned in the staff 
categories and are core staff integral to the delivery of high 
quality radiotherapy.  This could be a role for an advanced 
practitioner in supporting the surgical team and the MDT.  The 
pathway for these patients should be developed as for other 
MDT cancer pathways to ensure appropriate information 
patient support and care, pre- and post treatment. 


Insert ICER resulting from amended model. If 
the model has not been re-run, if appropriate, 
describe your expectations of how the 
problem might have an impact on the result 


Issue 2       


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


2. Current service provision 


For accuracy 


Data from NHS Breast Screening audit 
2011 2012 


This data should be validated  Insert ICER resulting from amended model. If 
the model has not been re-run, if appropriate, 
describe your expectations of how the 
problem might have an impact on the result 







….some Trusts are struggling to meet 31 
day standard 


Issue 3        


Description of problem  Description of proposed amendment  Result of amended model or expected 
impact on the result (if applicable) 


5 Economic Analysis 


Societal perspective (p66) 


Whilst the societal issues presented in 
Shah and Colleagues ( USA) 


Carl Zeiss submission (p81) 


Costs for UK travel and parking had not 
been included in EBRT estimations 


Travel and time associated with EBRT in 
UK are of concern 


Information to be gained from NHS England regarding travel 
times (capacity and demand review) 


Insert ICER resulting from amended model. If 
the model has not been re-run, if appropriate, 
describe your expectations of how the 
problem might have an impact on the result 


 


 


(please cut and paste further tables as necessary) 








Summary	  of	  comments	  on	  “Technology	  Assessment	  Report	  commissioned	  by	  the	  NIHR	  HTA	  Programme	  on	  
behalf	  of	  the	  National	  Institute	  for	  Health	  and	  Clinical	  Excellence:	  The	  clinical	  and	  cost	  effectiveness	  of	  the	  
INTRABEAM®	  Photon	  Radiotherapy	  System	  for	  the	  adjuvant	  treatment	  of	  early	  breast	  cancer”	  	  


We	  ask	  that	  the	  NICE	  Committee	  give	  serious	  consideration	  to	  our	  comments	  on	  this	  Technology	  Assessment	  
Report	  prior	  to	  making	  any	  recommendations	  based	  on	  it,	  as	  we	  believe	  it	  needs	  a	  major	  revision.	  	  


This	  Technology	  Assessment	  Report	  has	  focused	  on	  the	  two	  TARGIT	  publications	  (The	  Lancet	  2010	  and	  2014)	  of	  
which	  we	  are	  co-‐authors.	  	  On	  the	  whole,	  the	  report	  is	  comprehensive.	  However,	  it	  contains	  several	  important	  
inaccuracies	  of	  fact	  and	  logic	  that	  have	  a	  significant	  impact	  on	  the	  conclusions	  to	  both	  the	  clinical	  effectiveness	  
and	  economic	  analysis	  of	  the	  TARGIT	  technique	  using	  Intrabeam.	  	  A	  few	  examples	  are	  as	  follows:	  


1. Main	  clinical	  endpoints.	  	  The	  authors	  of	  the	  report	  correctly	  state	  that	  the	  TARGIT-‐A	  randomised	  
controlled	  trial	  has	  demonstrated	  that	  TARGIT	  is	  non-‐inferior	  to	  EBRT	  and	  that	  the	  difference	  between	  the	  two	  
groups	  is	  not	  statistically	  significant.	  That	  is,	  the	  TARGIT	  method	  of	  delivering	  radiotherapy	  is	  clinically	  not	  worse	  
than	  the	  current	  standard	  of	  care.	  We	  are	  therefore	  puzzled	  as	  to	  why	  the	  authors	  later	  on	  claim	  that	  TARGIT	  is	  
clinically	  less	  effective	  than	  EBRT.	  	  In	  reality,	  when	  TARGIT	  is	  given	  during	  lumpectomy,	  there	  is	  a	  2.3%	  
improvement	  in	  overall	  survival,	  p=0.12	  vs.	  a	  1%	  increase	  local	  recurrence	  p=0.31;	  the	  p	  value	  tells	  the	  
probability	  that	  the	  difference	  is	  seen	  due	  to	  chance	  alone.	  
2. Follow	  up.	  We	  would	  also	  like	  to	  emphasise	  the	  natural	  history	  of	  breast	  cancer	  –	  the	  peak	  hazard	  of	  
recurrence	  in	  2-‐3	  years	  after	  surgery	  and	  radiotherapy	  protects	  against	  recurrences	  only	  during	  the	  first	  5	  years	  
of	  follow-‐up	  –	  so	  a	  longer	  follow	  up	  does	  not	  add	  to	  assessment	  of	  radiotherapy	  trials	  with	  regard	  to	  local	  
recurrence.	  	  
3. Comparability	  of	  groups.	  The	  authors	  of	  the	  report	  attach	  significance	  to	  a	  supposed	  age	  difference	  of	  
0.5	  years	  between	  the	  patients	  in	  the	  randomised	  groups.	  Firstly	  this	  difference	  is	  actually	  0.275	  years;	  mean	  
ages:	  TARGIT	  62.41	  years	  SE	  0.20,	  EBRT	  62.69	  years)	  and	  it	  is	  very	  difficult	  to	  see	  how	  this	  small	  and	  statistically	  
non-‐significant	  difference	  could	  contribute	  to	  any	  of	  the	  differences	  in	  the	  outcomes.	  We	  are	  surprised	  that	  
such	  arguments	  were	  used	  to	  dismiss	  the	  clinically	  and	  statistically	  significant	  reduction	  in	  non-‐breast-‐cancer	  
mortality	  with	  TARGIT.	  	  
4. Estimate	  of	  the	  number	  of	  patients	  suitable.	  Rather	  than	  estimating	  the	  proportion	  of	  patients	  having	  


breast	  conserving	  surgery	  that	  would	  be	  suitable	  for	  the	  TARGIT	  procedure	  i.e.,:	   !"#$%&'(  !"#  !"#$%!
!"#$%&'(  !"#  !"#$%&'(#)


	  


the	  authors	  have	  used	  data	  from	  a	  series	  of	  patients	  who	  were	  treated	  with	  a	  different	  intraoperative	  


radiotherapy	  technique	  (not	  Intrabeam)	  and	  used	  the	  equation:	  !"#$%&'(  !"#  !"#$  !"  !"#  !!"#  !"#$%"#&
!"#$%&  !"#$!%%&  !"#$%  !"#$


.	  	  The	  real	  


proportion	  is	  nearer	  56%	  rather	  than	  16%.	  	  Therefore,	  the	  cost	  of	  Intrabeam	  per	  patient	  is	  significantly	  lower.	  	  
5. Proportion	  of	  patients	  with	  recurrence	  after	  TARGIT	  who	  have	  mastectomy.	  The	  authors	  have	  used	  
80%	  as	  the	  proportion	  of	  patients	  with	  recurrence	  who	  have	  a	  mastectomy,	  based	  on	  ‘expert	  opinion’	  only,	  and	  
incorporated	  it	  (0.8)	  in	  their	  cost-‐effectiveness	  calculations.	  In	  reality,	  in	  the	  TARGIT-‐A	  trial,	  only	  50%	  of	  patients	  
with	  recurrence	  after	  TARGIT	  during	  lumpectomy	  had	  a	  mastectomy–	  it	  is	  this	  value	  (0.5)	  that	  should	  be	  used.	  	  
6. The	  cost	  of	  EBRT.	  The	  authors’	  calculations	  do	  not	  include	  either	  the	  current	  standard	  (IMRT)	  nor	  the	  
use	  of	  “respiratory	  gating”	  that	  is	  aimed	  to	  protect	  the	  heart	  and	  the	  lungs.	  It	  also	  does	  not	  include	  the	  high	  cost	  
of	  travel	  (up	  to	  £150	  per	  day)	  that	  is	  usually	  borne	  by	  the	  NHS	  in	  a	  large	  proportion	  of	  patients.	  These	  
appropriate	  inclusions	  would	  more	  than	  double	  the	  estimates	  of	  EBRT	  cost.	  This	  is	  of	  course	  without	  counting	  
the	  cost	  to	  the	  patient,	  which	  ultimately	  has	  a	  bearing	  on	  the	  national	  economy,	  or	  the	  higher	  current	  cost	  of	  a	  
linear	  accelerator	  (1.5	  to	  2	  million)	  rather	  than	  the	  older	  costs	  (1	  million).	  


We	  are	  happy	  to	  work	  with	  the	  authors	  of	  the	  report	  to	  correct	  these	  inaccuracies,	  as	  the	  result	  could	  be	  a	  very	  
useful	  and	  informative	  document	  assessing	  the	  use	  of	  the	  TARGIT	  treatment	  using	  Intrabeam.	  	  


Professor	  Jayant	  S	  Vaidya,	  On	  behalf	  of	  the	  TARGIT	  A	  Trialists’	  Group	  
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About:	  [“Technology	  Assessment	  Report	  commissioned	  by	  the	  NIHR	  HTA	  Programme	  on	  behalf	  of	  the	  National	  
Institute	  for	  Health	  and	  Clinical	  Excellence:	  The	  clinical	  and	  cost	  effectiveness	  of	  the	  INTRABEAM®	  Photon	  
Radiotherapy	  System	  for	  the	  adjuvant	  treatment	  of	  early	  breast	  cancer”]	  	  
This	  is	  a	  comprehensive	  review	  that	  has	  focused	  on	  the	  two	  TARGIT	  publications	  in	  the	  Lancet	  in	  20101	  and	  
20142	  	  
We	  would	  like	  to	  make	  the	  following	  comments	  as	  some	  of	  the	  authors	  of	  these	  papers.	  	  
The	  lengthy	  and	  otherwise	  authoritative	  appearance	  of	  this	  document	  can	  mask	  a	  few	  crucial	  inaccuracies	  
that	  have	  a	  significant	  impact	  on	  the	  conclusion.	  We	  find	  that	  it	  does	  justice	  to	  neither	  the	  evidence	  about	  
clinical	  effectiveness	  nor	  the	  economic	  analysis	  of	  the	  TARGIT	  technique.	  We	  found	  that	  these	  inaccuracies	  
leads	  to	  a	  distortion	  of	  the	  available	  randomised	  evidence.	  Hence	  we	  felt	  the	  need	  to	  write	  this	  response.	  	  	  
	  
We	  believe	  that	  clinicians	  and	  health-‐care	  policy	  makers	  should	  not	  deny	  suitable	  patients	  the	  opportunity	  to	  
complete	  their	  treatment	  in	  one	  combined	  procedure	  (TARGIT)	  within	  a	  risk-‐adapted	  approach	  that	  not	  only	  
reduces	  toxic	  effects	  and	  saves	  20–30	  visits	  to	  a	  radiotherapy	  centre,	  but	  also	  in	  many	  cases	  permits	  breast	  
conservation	  rather	  than	  mastectomy.	  


Not	  all	  points	  may	  have	  been	  covered	  in	  this	  quick	  response.	  	  


	  
1. About	  the	  main	  clinical	  end	  points.	  	  We	  agree	  with	  the	  authors	  that	  the	  TARGIT-‐A	  trial	  has	  demonstrated	  that	  


TARGIT	  is	  non-‐inferior	  to	  EBRT	  and	  that	  there	  is	  no	  statistically	  significant	  difference	  in	  the	  primary	  outcome	  
(local	  recurrence)	  for	  the	  whole	  trial	  and	  particularly	  when	  TARGIT	  is	  given	  during	  initial	  lumpectomy.	  	  
We	  are	  therefore	  puzzled	  how	  they	  can	  claim	  that	  TARGIT	  is	  clinically	  less	  effective	  than	  EBRT	  by	  using	  the	  1%	  
statistically	  non-‐significant	  difference	  between	  TARGIT	  and	  EBRT	  when	  TARGIT	  is	  given	  during	  lumpectomy	  
when	  there	  is	  a	  31%	  probability	  that	  this	  difference	  has	  arisen	  by	  chance	  alone	  (p=0.31).	  	  
It	  is	  not	  appropriate	  that	  they	  accept	  this	  difference	  in	  local	  recurrence	  as	  ‘real’,	  while	  they	  summarily	  reject	  the	  
2.3%	  difference	  in	  overall	  mortality	  which	  has	  only	  a	  12%	  chance	  of	  having	  arisen	  by	  chance	  (p=0.12).	  
	  
The	  following	  statement	  on	  page	  4	  of	  the	  abstract	  is	  not	  supported	  by	  data:	  “The	  review	  found	  that	  local	  
recurrence	  was	  slightly	  higher	  following	  INTRABEAM	  than	  EBRT	  but	  the	  difference	  did	  not	  exceed	  the	  2.5%	  non-‐
inferiority	  margin	  providing	  INTRABEAM	  was	  given	  at	  the	  same	  time	  as	  BCS.	  Overall	  survival	  was	  similar	  with	  
both	  treatments”	  –	  it	  should	  correctly	  read	  as	  follows:	  


“The	  review	  found	  that	  local	  recurrence	  was	  slightly	  higher	  following	  INTRABEAM	  than	  EBRT	  but	  the	  difference	  
did	  not	  exceed	  the	  2.5%	  non-‐inferiority	  margin	  providing	  INTRABEAM	  was	  given	  at	  the	  same	  time	  as	  BCS.	  
Overall	  survival	  was	  slightly	  higher	  in	  the	  TARGIT	  arm	  of	  the	  trial,	  due	  to	  a	  statistically	  significant	  reduction	  in	  
non-‐breast-‐cancer	  mortality”.	  	  


Alternatively,	  as	  both	  these	  differences	  are	  not	  strictly	  “statistically	  significantly	  different”,	  it	  should	  be	  said	  that	  
“Between	  the	  two	  treatments,	  the	  differences	  in	  both	  local	  recurrence	  and	  in	  overall	  survival	  were	  not	  
statistically	  significant.”	  	  	  


This	  absolute	  difference	  in	  mortality	  is	  discounted	  by	  the	  authors,	  even	  though	  there	  is	  a	  90%	  probability	  that	  







the	  difference	  is	  real	  (p=0.099).	  However,	  the	  absolute	  differences	  in	  local	  recurrence,	  all	  recurrence,	  and	  breast	  
cancer	  	  death	  have	  been	  included	  by	  the	  authors	  in	  the	  model	  even	  though	  they	  are	  not	  statistically	  significant.	  
These	  appear	  to	  be	  double	  standards.	  	  It	  is	  not	  appropriate	  to	  accept	  the	  slight	  	  (non-‐significant)	  difference	  in	  
local	  recurrence	  and	  ignore	  the	  slight	  difference	  in	  survival,	  as	  clearly	  death	  is	  an	  important	  endpoint.	  	  


Similarly,	  the	  statement	  	  “Cost-‐effectiveness	  analysis	  indicates	  that	  INTRABEAM	  is	  less	  expensive	  but	  also	  less	  
effective	  than	  EBRT	  because	  it	  is	  associated	  with	  lower	  total	  costs	  but	  fewer	  total	  QALYs”	  	  is	  contrary	  to	  the	  
randomised	  evidence.	  	  


The	  correct	  statement	  should	  be	  :	  “Cost-‐effectiveness	  analysis	  indicates	  that	  INTRABEAM	  is	  less	  expensive	  but	  
also	  as	  effective	  as	  EBRT	  because	  it	  is	  associated	  with	  lower	  total	  costs	  and	  no	  fewer	  total	  QALYs”	  	  


2. Comparability	  of	  groups	  and	  ignoring	  the	  difference	  in	  survival:	  We	  found	  it	  incredulous	  to	  read	  the	  authors’	  
claim	  that	  the	  difference	  in	  age	  could	  have	  prejudiced	  the	  results	  of	  non-‐breast	  cancer	  mortality	  in	  favour	  of	  
TARGIT	  because	  this	  group	  was	  allegedly	  younger.	  They	  estimate	  that	  this	  difference	  was	  6	  months.	  Firstly,	  the	  
actual	  difference	  in	  the	  mean	  is	  only	  3	  months	  and	  the	  difference	  is	  not	  at	  all	  statistically	  significant.	  If	  this	  logic	  
were	  to	  be	  extended,	  the	  fact	  that	  important	  prognostic	  factors	  such	  as	  nodal	  involvement,	  lymphvascular	  
invasion,	  and	  ER	  and	  PgR	  negativity	  were	  all	  slightly	  more	  frequent	  in	  the	  TARGIT	  arm	  should	  be	  the	  attributable	  
causes	  for	  any	  increase	  in	  recurrence	  in	  the	  TARGIT	  arm;	  and	  indeed	  if	  the	  difference	  in	  age	  were	  important	  it	  
would	  also	  be	  detrimental	  to	  the	  patients	  in	  the	  TARGIT	  arm	  in	  terms	  of	  breast	  cancer.	  Therefore,	  if	  their	  
argument	  is	  to	  be	  taken	  seriously,	  then	  the	  apparent	  difference	  in	  breast	  cancer	  recurrence	  should	  be	  
explainable	  because	  of	  these	  baseline	  differences.	  	  


We	  truly	  do	  not	  believe	  that	  these	  minute	  differences	  that	  are	  not	  statistically	  significant	  contribute	  to	  any	  of	  
the	  differences	  in	  the	  outcomes	  in	  this	  very	  large	  randomised	  trial.	  	  


Death	  was	  a	  secondary	  end	  point	  in	  this	  trial.	  Breast	  cancer	  deaths	  are	  not	  different	  between	  TARGIT	  and	  EBRT	  
but	  there	  is	  already	  a	  significant	  reduction	  in	  non-‐breast-‐cancer	  mortality,	  which	  leads	  to	  a	  trend	  for	  a	  reduction	  
in	  overall	  mortality	  with	  TARGIT.	  Our	  data	  about	  fewer	  cardiovascular	  deaths	  is	  consistent	  with	  robust	  evidence	  
using	  other	  large	  datasets	  that	  have	  investigated	  the	  cardiac	  toxicity	  of	  EBRT.	  There	  is	  a	  serious	  omission	  in	  the	  
report	  about	  such	  evidence	  showing	  that	  there	  is	  a	  significantly	  increased	  risk	  of	  death	  from	  ischaemic	  heart	  
disease	  due	  to	  EBRT	  -‐	  being	  highest	  in	  the	  first	  5	  years	  -‐	  and	  continuing	  for	  25	  years3.	  We	  find	  it	  shocking	  that	  
the	  authors	  have	  summarily	  dismissed	  the	  clearly	  statistically	  significant	  difference	  (p=0.0086)	  in	  non-‐breast-‐
cancer	  mortality	  that	  led	  to	  a	  trend	  in	  improved	  overall	  survival	  with	  TARGIT.	  	  
	  


3. The	  objective	  and	  scope:	  	  The	  clear	  objective	  on	  page	  9	  (and	  page	  26)	  is	  “To	  assess	  the	  clinical	  and	  cost-‐
effectiveness	  of	  INTRABEAM	  for	  the	  adjuvant	  treatment	  of	  early	  breast	  cancer	  during	  surgical	  removal	  of	  the	  
tumour”	  also,	  in	  the	  2014	  paper	  we	  have	  clearly	  said	  that	  we	  support	  the	  use	  of	  TARGIT	  only	  during	  
lumpectomy	  therefore	  the	  figures	  used	  in	  the	  abstract	  should	  be	  those	  from	  the	  prepathology	  stratum	  and	  the	  
clinical-‐	  and	  cost-‐effectiveness	  assessments	  should	  be	  based	  on	  the	  data	  from	  this	  stratum.	  The	  trial	  clearly	  
showed	  that	  the	  postpathology	  stratum	  in	  which	  TARGIT	  was	  given	  after	  a	  median	  of	  37	  days	  after	  the	  initial	  
lumpectomy	  by	  re-‐opening	  the	  wound	  (a	  very	  different	  intervention	  from	  what	  is	  stated	  in	  the	  objective)	  is	  not	  
as	  effective	  and	  not	  non-‐inferior	  to	  EBRT,	  and	  we	  do	  not	  recommend	  its	  use.	  Including	  the	  data	  from	  this	  very	  
different	  treatment	  approach	  rather	  than	  that	  which	  uses	  “TARGIT	  during	  surgical	  removal	  of	  the	  tumour”	  is	  
clearly	  wrong.	  Using	  the	  Prepathology	  data	  alone	  would	  completely	  reverse	  the	  authors’	  conclusions.	  	  
	  


4. Use	  of	  correct	  parameters	  to	  assess	  clinical	  effectiveness	  and	  QALY:	  We	  would	  like	  to	  point	  out	  that	  “any	  other	  
recurrence”	  is	  not	  affected	  by	  the	  local	  interventions	  in	  question.	  Any	  other	  recurrence	  is	  not	  related	  to	  local	  
recurrence	  nor	  does	  control	  of	  local	  recurrence	  impact	  on	  survival	  until	  the	  recurrence	  difference	  is	  more	  than	  
10%	  (which	  in	  case	  of	  TARGIT-‐A	  trial	  is	  1	  or	  2%	  only)	  







If	  a	  global	  parameter	  that	  assesses	  the	  health	  of	  the	  patient	  with	  regard	  to	  the	  disease	  in	  question	  is	  required,	  
then	  disease	  free	  survival	  should	  be	  used,	  as	  the	  authors	  have	  suggested.	  	  
	  
The	  values	  for	  disease	  free	  survival	  from	  the	  TARGIT-‐A	  trial	  are	  as	  follows.	  These	  are	  actual	  randomized	  data,	  
not	  simply	  projections.	  	  
	  
For	  the	  whole	  trial	  and	  for	  Prepathology	  stratum,	  the	  Disease	  Free	  Survival	  is	  not	  different	  with	  TARGIT	  
compared	  with	  EBRT	  (p=0.78	  and	  p=0.68	  respectively).	  
	  	  
The	  K-‐M	  estimates	  for	  Disease	  Free	  survival	  for	  the	  whole	  trial	  are	  as	  follows:	  	  
P	  value	  for	  difference	  =	  0.78	  
at	  5	  years	  TARGIT	  90.5%	  (88.1-‐92.5)	  vs.	  EBRT	  91.0%	  (88.6-‐92.98)	  
at	  10	  years	  TARGIT	  77.7%	  (65.5-‐86.8)	  and	  EBRT	  71.5%	  (49.8-‐85.1)	  
	  
The	  K-‐M	  estimates	  for	  Disease	  Free	  survival	  for	  the	  Prepathology	  stratum	  when	  TARGIT	  is	  given	  during	  surgical	  
removal	  of	  cancer	  are	  as	  follows	  (a	  per	  the	  objective	  of	  this	  report):	  	  
P	  value	  for	  difference	  =	  0.68	  
at	  5	  years	  TARGIT	  91.6%	  (88.7-‐93.8)	  vs.	  EBRT	  90.1%	  (86.8-‐	  92.6)	  
at	  10	  years	  Disease	  Free	  survival	  figures	  are	  TARGIT	  81.3%	  (71-‐88)	  and	  EBRT	  71.2%	  (49-‐85)	  
	  
The	  authors’	  suggestion	  that	  QALY	  or	  clinical	  effectiveness	  is	  worse	  with	  TARGIT	  is	  contrary	  to	  the	  randomised	  
evidence	  from	  the	  TARGIT-‐A	  trial.	  The	  graphs	  below	  show	  the	  disease	  free	  survival	  up	  to	  5	  years	  and	  10	  years.	  	  
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5. The	  economic	  analysis	  and	  the	  comparison	  between	  EBRT	  and	  TARGIT	  presented	  by	  the	  authors	  leaves	  some	  
room	  for	  improvement.	  	  
	  
Modern	  External	  Beam	  Radiotherapy	  (EBRT)	  practices	  in	  the	  UK	  are	  not	  taken	  account	  of	  in	  the	  authors’	  model.	  
These	  incur	  a	  higher	  cost.	  	  
A	  typical	  patient	  with	  breast	  cancer	  today	  has	  the	  following	  costs:	  
	  
Radiotherapy	  planning	  for	  breast	  	   	   	   £867	  to	  1095	  
Delivery	  of	  radiotherapy	  15	  fractions	   15	  x	  £130	  =	  	   £1950	  
Electron	  boost	  planning	  	   	   	   	   £504	  
Delivery	  of	  8	  fractions	  boost	   	   8	  x	  £108	  =	  	   £864	  
	   	   	   Total	   	   	   	   £4,185	  to	  £4413	  
	  
This	  appears	  to	  be	  already	  much	  more	  than	  the	  supposed	  cost	  as	  per	  the	  authors	  
In	  addition,	  	  


• Many	  radiation	  centres,	  which	  care	  for	  the	  patients’	  safety	  and	  aim	  to	  reduce	  toxicity,	  add	  extra	  lead	  shielding	  
to	  reduce	  cardiac	  toxicity.	  This	  involves	  more	  medical	  physics	  cost.	  


• EBRT	  now	  also	  involves	  4D	  respiratory	  gated	  breath	  hold	  techniques	  “stop	  and	  shoot”	  techniques	  for	  left	  sided	  
breast	  cancers	  ,	  to	  minimise	  cardiac	  dose.	  These	  add	  cost	  for	  every	  one	  of	  the	  15	  fractions	  	  


• If	  50	  Gy	  in	  25	  fractions	  are	  used	  instead	  of	  40	  gy	  in	  15	  fractions	  (as	  may	  be	  required	  in	  5-‐10%	  of	  cases),	  then	  it	  
is	  proportionately	  more	  expensive	  


• Patients	  are	  seen	  weekly	  for	  a	  consultation	  with	  doctor	  or	  radiographer	  to	  assess	  skin	  toxicity-‐	  the	  cost	  of	  this	  
is	  not	  included	  in	  the	  model	  


• The	  current	  cost	  of	  a	  linear	  accelerator	  is	  £1.5	  to	  2	  million	  and	  only	  the	  older	  <=£1	  million	  cost	  appears	  to	  have	  
been	  used	  in	  the	  calculations.	  The	  cost	  of	  replacement	  does	  not	  appear	  to	  be	  included	  


• The	  costs	  associated	  with	  travel/parking/accommodation	  were	  not	  included	  within	  the	  EBRT	  arm.	  These	  
expenses	  might	  range	  from	  £50	  –	  100	  per	  patient	  per	  fraction	  delivered	  and	  therefore	  add	  a	  substantial	  
increase	  in	  the	  total	  cost	  e.g.,	  100	  x	  21	  =	  additional	  £2100.	  	  In	  a	  large	  proportion	  of	  patients	  these	  costs	  are	  
directly	  bourne	  by	  NHS	  (hospital	  transport).	  If	  not	  borne	  by	  the	  NHS	  directly,	  travelling	  costs	  are	  a	  very	  large	  
expenditure	  both	  financially	  and	  in	  time	  for	  the	  patient	  and	  this	  must	  be	  taken	  into	  consideration	  and	  added	  
to	  the	  total	  cost	  for	  EBRT.	  


• Ideally,	  we	  should	  not	  be	  using	  tariffs	  as	  we	  all	  know	  they	  are	  not	  a	  true	  reflection	  of	  price/cost;	  tariffs	  are	  
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simply	  reimbursements	  and	  for	  full	  HE	  data	  we	  ought	  to	  use	  cost.	  
	  


There	  also	  appears	  to	  be	  an	  overestimate	  (by	  multiple	  times)	  of	  the	  cost	  of	  training	  and	  delivery	  of	  Intrabeam.	  
One	  wrong	  assumption	  is	  that	  the	  surgeon	  is	  present	  in	  the	  operating	  theatre	  when	  radiotherapy	  is	  being	  
delivered	  (33	  minutes).	  Normally	  he/she	  is	  doing	  other	  unrelated	  work	  in	  a	  different	  room	  which	  immediately	  
reduces	  the	  estimated	  cost	  per	  treatment	  by	  40%.	  	  
	  
Esserman	  et	  al11	  	  applied	  a	  Markov	  modeling	  technique	  to	  simulate	  the	  early	  and	  late	  adoption	  of	  the	  results	  of	  
the	  TARGIT	  A	  trial	  in	  terms	  of	  QALYs	  and	  resources	  gained	  or	  lost.	  Using	  the	  worst-‐case	  scenario	  of	  a	  increased	  
of	  10%	  in	  local	  recurrence	  rate	  at	  10	  years	  –	  (in	  reality	  is	  only	  1%	  difference	  at	  5	  years)	  they	  concluded	  that	  the	  
opportunity	  cost	  of	  using	  EBRT	  is	  $1.7	  billion	  if	  we	  waited	  another	  5	  years	  before	  adopting	  the	  TARGIT	  technique	  
for	  appropriate	  patients.	  	  
	  
In	  reality,	  there	  is	  no	  significant	  difference	  (statistically	  or	  clinically),	  in	  the	  local	  recurrence	  or	  disease	  free	  
survival	  between	  TARGIT	  and	  EBRT	  but	  there	  is	  a	  significant	  difference	  in	  local	  toxicity	  and	  other-‐organ	  toxicity	  
favouring	  TARGIT.	  	  So	  there	  should	  be	  no	  doubt	  in	  anyone’s	  mind	  that	  not	  only	  is	  TARGIT	  clinically	  effective	  and	  
cost-‐effective,	  but	  it	  would	  be	  significantly	  be	  less	  toxic	  to	  the	  patient	  and	  less	  expensive	  to	  the	  NHS	  and	  the	  tax-‐
payer.	  
	  
These	  are	  the	  obvious	  oversights	  and	  we	  have	  not	  been	  able	  to	  go	  into	  great	  detail	  in	  the	  short	  time	  available	  to	  
us.	  We	  shall	  be	  delighted	  to	  work	  with	  the	  authors	  to	  improve	  the	  accuracy	  of	  their	  model.	  
	  


6. Regarding	  follow	  up	  of	  the	  TARGIT-‐A	  trial.	  “Longer	  term	  follow-‐up	  data	  from	  the	  TARGIT-‐A	  trial”.	  
It	  may	  appear	  tempting	  to	  speculate	  that	  in	  the	  future	  a	  difference	  in	  local	  recurrence	  will	  become	  apparent	  and	  
the	  difference	  in	  mortality	  that	  is	  already	  seen	  will	  disappear,	  but	  neither	  our	  data	  nor	  previous	  trial	  results	  
support	  this	  speculation.	  This	  suggests	  a	  lack	  of	  understanding	  about	  the	  complex	  natural	  history	  of	  breast	  
cancer	  and	  robust	  literature	  about	  the	  toxic	  effects	  of	  EBRT	  on	  other	  organs	  such	  as	  the	  heart.	  Continuing	  to	  
ignore	  these	  data	  can	  potentially	  put	  a	  large	  proportion	  of	  breast	  cancer	  patients	  at	  a	  significant	  disadvantage.	  	  


Statistically,	   it	   is	   inappropriate	   to	   use	  median	   follow	  up	   on	   its	   own	  without	   taking	   into	   account	   the	   absolute	  
number	  of	  patients.	  Biologically,	   the	   temporal	  distribution	  of	   local	   recurrence	  shows	  that	   the	   first	  2	   to	  3	  year	  
period	  covers	  the	  peak	  hazard	  of	  local	  recurrence	  after	  surgery4	  (see	  figure	  A	  –	  figure	  2	  from	  reference5).	  	  More	  
importantly,	   various	   local	   therapy	   trials	   (surgery	   and	   radiotherapy)	   have	   repeatedly	   shown	   that	   the	   effect	   of	  
local	  therapy	  such	  as	  surgery	  or	  radiation	  is	  mainly	  seen	  in	  the	  first	  5	  years,	  with	  the	  peak	  of	  the	  hazard	  being	  
bracketed	  by	   the	   first	   2-‐3	   years.	   The	   lines	   representing	   local	  
recurrence	   between	   radiotherapy	   and	   no-‐radiotherapy	   in	  
Kaplan-‐Meier	   plots	   remain	   virtually	   parallel	   after	   5	   years	   in	  
the	   NSABP	   B066	   (see	   figure	   B	   left),	   NSABP	   B047,	   and	   the	  
Oxford	   Overview8	   (latter	   two	   not	   shown).	   The	   conclusion	   of	  
the	  25	  year	  follow	  up	  of	  the	  Swedish	  trial	  of	  radiotherapy	  vs.	  
no	  radiotherapy9	  was	  explicit:	  “Radiotherapy	  protects	  against	  
recurrences	   [only]	   during	   the	   first	   5	   years	   of	   follow-‐up…”.	  	  
Whatever	   difference	   was	   going	   to	   be	   seen	   at	   25	   years	   was	  
already	  seen	  at	  5	  years,	  with	  most	  of	  it	  already	  seen	  at	  the	  2-‐3	  
year	  median	  follow	  up	  of	  the	  trial	  (see	  figure	  B	  right).	  TARGIT-‐
A	  trial	  has	  a	  substantial	  number	  of	  patients	  (n=1222)	  patients	  
with	  a	  median	   follow	  up	  of	  5	   years	  and	  2232	  patients	  had	  a	  
median	  follow	  up	  of	  nearly	  4	  years.	  	   	   	   FIGURE	  A-‐	  from	  Cheung	  et	  al5	  







As	  per	  authors’	  admission	  the	  number	  that	  was	  needed	  with	  enough	  statistical	  power	  to	  prove	  non-‐inferiority	  in	  
the	   TARGIT-‐A	   trial	   is	  much	   smaller	   (page	   54),	   because	   of	   the	   vanishingly	   low	   risk	   of	   recurrence.	   In	   2010,	  we	  
calculated	  that	  this	  number	  is	  585	  (table	  6	  of	  reference1).	  Clearly	  we	  have	  many	  more	  patients	  than	  that	  with	  a	  5	  
year	  follow	  up.	  	  


Figure	  B	  


	  
	  
	  
The	  biological	  rationale	  that	  adequately	  explains	  these	  observations	  are	  covered	  by	  Retsky	  et	  al4	  and	  further	  
explored	  in	  greater	  detail	  with	  their	  relevance	  to	  the	  interpretation	  of	  the	  results	  of	  randomized	  trials	  by	  Baum	  
in	  201310.	  Finally	  Esserman	  and	  her	  colleagues	  reiterate	  the	  overwhelming	  volume	  of	  data	  describing	  the	  hazard	  
rate	  peak	  for	  local	  recurrence	  at	  2-‐3	  years	  after	  surgery	  and	  go	  on	  to	  explain	  a	  decision	  model	  framework	  that	  
strongly	  recommends	  the	  adoption	  of	  results	  of	  RCTs	  when	  the	  median	  follow	  up	  comfortably	  brackets	  this	  
point	  (as	  with	  the	  TARGIT	  trial)11.	  	  
	  


7. Highly	  inappropriate	  extrapolation	  of	  our	  data	  projected	  out	  to	  40	  years	  (page	  93).	  As	  seen	  from	  other	  trials,	  
follow	  up	  after	  first	  2-‐3	  years	  adds	  little	  information	  about	  local	  treatment	  of	  breast	  cancer	  and	  nothing	  after	  
first	  5	  years.	  The	  10-‐year	  Kaplan-‐Meier	  plot	  of	  local	  recurrence	  in	  the	  TARGIT-‐A	  trial	  confirms	  this	  as	  well,	  as	  
seen	  below:	  (these	  are	  actual	  randomised	  data	  –	  not	  just	  a	  projection)	  
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7. Completely	  wrong	  proportion	  used	  to	  estimate	  the	  number	  of	  patients	  suitable	  for	  TARGIT	  with	  
INTRABEAM.	  (page	  104	  and	  in	  the	  economic	  model)	  For	  calculating	  this,	  the	  authors	  have	  used	  data	  from	  a	  
study	  describing	  a	  series	  of	  patients	  who	  were	  treated	  with	  a	  different	  intraoperative	  radiotherapy	  technique.	  
Rather	  estimating	  the	  proportion	  of	  patients	  undergoing	  breast	  conserving	  surgery	  that	  would	  be	  suitable	  for	  


the	  TARGIT	  procedure	  i.e.,	  :	   !"#$%&'(  !"#  !"#$%!
!"#$%&'(  !"#  !"#$%&'(#)


	  ,	  the	  authors	  have	  used	  data	  from	  a	  series	  of	  patients	  who	  


were	  treated	  with	  a	  different	  intraoperative	  radiotherapy	  technique	  (not	  Intrabeam)	  and	  used	  the	  equation:	  
!"#$%&'(  !"#  !"#$  !"  !"#  !"#$  !"#$%"#&


!"#$%&  !"#$!%%&  !"#$%  !"#$
.	  This	  study	  calculated	  how	  many	  of	  such	  patients	  who	  were	  all	  treated	  with	  


IORT	  would	  have	  been	  considered	  ‘suitable’	  as	  per	  ASTRO	  criteria	  (NB	  the	  ASTRO	  criteria	  were	  created	  before	  
the	  results	  of	  randomised	  trials	  were	  published	  and	  were	  based	  solely	  on	  an	  educated	  guess	  about	  which	  
patients	  might	  be	  suitable).	  In	  any	  case	  the	  proportion	  of	  patients	  treated	  with	  IORT	  using	  ELIOT	  technique	  that	  
are	  in	  the	  ASTRO	  ‘suitable’	  group	  has	  nothing	  to	  do	  with	  the	  proportion	  of	  patients	  undergoing	  breast	  
conserving	  surgery	  that	  would	  be	  suitable	  for	  the	  TARGIT	  procedure.	  So	  the	  authors	  have	  used	  this	  very	  
proportion	  -‐	  	  the	  value	  of	  16%!	  Firstly,	  the	  proportion	  of	  TARGIT-‐A	  trial	  patients	  in	  the	  ASTRO	  ‘suitable’	  group	  is	  
in	  reality	  38%.	  But	  more	  importantly,	  in	  the	  large	  German	  centre	  database	  of	  1108	  patients,	  628	  patients	  
(56.7%)	  would	  be	  suitable	  for	  the	  TARGIT	  procedure	  (Elena	  Sperk	  and	  Frederik	  Wenz,	  Mannheim,	  Germany	  –	  
personal	  communication).	  This	  is	  the	  value	  (56.7%)	  that	  should	  be	  used	  while	  calculating	  the	  utility	  of	  TARGIT	  in	  
clinical	  practice.	  We	  should	  remember	  that	  those	  patients	  who	  are	  not	  suitable	  for	  TARGIT-‐A	  as	  standard	  
treatment	  would	  be	  suitable	  for	  randomisation	  in	  the	  UK	  NIHR	  –HTA	  funded	  TARGIT-‐B	  trial.	  Using	  the	  correct	  
proportion	  of	  patients	  suitable	  for	  TARGIT	  would	  immediately	  reduce	  the	  cost	  of	  TARGIT	  treatment	  per	  patient	  
significantly.	  


8. Proportion	  of	  patients	  with	  recurrence	  after	  TARGIT	  who	  have	  mastectomy.	  The	  authors	  have	  used	  80%	  as	  the	  
proportion	  of	  patients	  with	  recurrence	  who	  have	  a	  mastectomy,	  based	  on	  ‘expert	  opinion’	  only,	  and	  have	  used	  
this	  (0.8)	  in	  their	  cost-‐effectiveness	  calculations.	  In	  reality,	  only	  50%	  of	  patients	  with	  recurrence	  after	  TARGIT	  
had	  a	  mastectomy	  in	  the	  TARGIT-‐A	  trial	  –	  it	  is	  this	  value	  (0.5)	  that	  should	  be	  used.	  	  
	  


9. The	  p	  value	  cut-‐off	  for	  the	  LOG	  RANK	  test	  was	  pre-‐specified	  for	  local	  recurrence	  to	  be	  0.01	  as	  this	  was	  the	  
second	  such	  analysis.	  The	  authors	  have	  confused	  this	  with	  the	  Pnon-‐inferiority	  on	  page	  44.	  Clearly	  the	  cut	  off	  is	  not	  
meant	  for	  Pnon-‐inferiority	  –	  for	  which	  the	  conventional	  0.05	  cut	  off	  should	  be	  used	  –	  as	  it	  is	  the	  first	  time	  the	  test	  has	  
been	  performed.	  Thus,	  contrary	  to	  the	  statement	  in	  the	  document	  on	  page	  44,	  for	  the	  whole	  trial	  non-‐inferiority	  
remains	  established	  for	  even	  the	  earliest	  cohort	  of	  1222	  patients	  with	  a	  median	  follow	  up	  of	  5	  years.	  
	  


10. The	  need	  for	  TARGIT	  in	  the	  UK	  The	  authors	  have	  stated	  that	  “Overall,	  57%	  of	  women	  received	  radiotherapy	  
within	  60	  days	  and	  92%	  within	  90	  days	  of	  their	  final	  surgery”	  and	  admitted	  that	  meeting	  the	  31	  day	  goal	  for	  
radiotherapy	  is	  very	  difficult.	  This	  again	  underscores	  the	  need	  for	  TARGIT.	  	  
	  


11. Use	  of	  TARGIT	  elsewhere	  in	  the	  world.	  TARGIT	  has	  been	  used	  in	  over	  8000	  patients	  worldwide.	  It	  is	  standard	  of	  
care	  for	  appropriate	  patients	  in	  many	  centres	  of	  excellence	  and	  NHS	  hospitals	  in	  Europe	  and	  USA.	  	  This	  fact	  
should	  not	  be	  ignored.	  


We	  are	  happy	  to	  work	  with	  the	  authors	  of	  the	  report	  to	  correct	  these	  errors,	  as	  the	  result	  could	  be	  a	  very	  useful	  
and	  informative	  document	  assessing	  the	  Intrabeam	  technology.	  	  


Professor	  Jayant	  S	  Vaidya	  MBBS	  MS	  DNB	  FRCS	  PhD	  
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The report is comprehensive and thorough.  
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Dear Bijal:  
 
I have read the material you very kindly sent me: it is extremely 
impressive and much work has clearly gone into it.  And in a 
way, that is what worries me: it is so detailed, cites so many 
references, how can it be wrong?  But I think that there are 
several erroneous assumptions, though I am of course not 
qualified to make any medical comments.   
 
Both the Abstract (p 4)  and the Plain English Summary (p 13) 
seem to me to be worryingly negative due to omissions. I feel 
they have cherry-picked data that suits their case, which is a 
cause of concern since many people will take these as 
reflections of the report conclusions.  I assume this Assessment 
Report is only one among several submissions and that there 
will be other material to help make the NICE decision?  But I 
would like to say:   
 
1.  The Abstract points out that 'A significant investment in 
INTRABEAM equipment and staff training (clinical and non-
clinical) would be required to make this technology available 
across the NHS.’  But we know that the incidence of breast 
cancer is greatly increasing in our ageing population as the 
Report itself says.  (45,000 of those presenting in one year will 
be over 45.* ) 
Much of the NHS radiotherapy equipment is old and in need of 
replacement.  So both increased training and new equipment 
will be necessary anyway. 
 
2. The  Plain English Summary  says, ‘After BCS a three-week 
course of EBRT  reduces the risk of breast cancer returning to 
the affected breast (local recurrence.)'  But it does not say that 
with EBRT there can be no repeat with this particular 
radiotherapy delivery because breast  tissue will not tolerate 
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it.  I understand that if breast cancer returns  it may well do so 
in the same breast and even in the same quadrant.  If 
Intrabeam was used, it  could then be repeated because it is so 
precisely targeted, or EBRT is also an alternative. Both would 
allow a lumpectomy.  But under current NHS practice, if EBRT 
has already been used, mastectomy may be the only 
recourse.  But if there is recurrence after the use of 
EBRT,  Intrabeam can be used  - another argument for its 
adoption. 
The Summary also fails to say that Intrabeam given during BCS 
is found to produce results similar to EBRT. 
 
3.  The Summary says ‘the likelihood of dying from breast 
cancer was similar with both treatments…. but radiation 
therapy toxicity was less frequent than with EBRT.’   
 
On p.23  the Assessment Report says of EBRT ‘short term 
adverse effects( eg skin soreness/redness, tiredness, nausea) 
and long term adverse effects (eg changes to breast size and 
texture/ feel, lung or heart problems)…. 
This is surely a massive under-reporting of the facts as well as 
massive understatement.   Damage to lungs or 
oesophagus  (this not mentioned) can have terrible 
consequences,  but the longterm effects of such damage are 
not referenced here. Yet we know that they can force drastic 
changes to lives.   And it is now accepted that there is no level 
of radiation which does not adversely affect the heart. 
 
There is here no reference to the fact that due to growing 
concerns about all the above, radiotherapy is now frequently 
given with the patient lying on her front in an attempt to 
protect organs. 
 
Following whole-breast radiation, we know that non-breast 
cancer deaths or long term illness can be attributable to heart 
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damage and other cancers.  With Intrabeam, the results of a 
major trial of 3,451 women in 33 centres worldwide (reported 
in The Lancet 11.11.13) showed that deaths from causes other 
than breast cancer were lower in the TARGIT trial group than in 
women who received conventional radiotherapy – only 1.3% as 
compared with 4.4%.   
 
4.  p.23:  ‘ EBRT is nearly always given when chemotherapy has 
been completed and after a gap of 2-3 weeks that minimizes 
overlapping and/or enhancing toxicities…. 
 
I may have missed  a reference to this  – and if so, forgive me – 
but the gap in time between surgery and receiving EBRT may 
be months rather than weeks.  And in that time, cancer cells 
can regroup, encouraged by wound fluid. 
 
4.  The Summary says ‘ Intrabeam patients more frequently 
experienced fluid pockets that were drained more than three 
times.’   Of course fluid pockets have a potential for infection 
on an already compromised immune system.  But draining is 
neither risky nor invasive, it can be carried out quickly, not in a 
theatre.  There was no difference in wound infection rate or 
wound breakdown.   
 
So less radiotherapy toxicity is surely a key consideration, 
particularly as it is a weighing of a single treatment against a 
regime of three or more weeks. 
 
5.  I found the research measurement on Quality of Life issues 
difficult to understand. From my own experience, Intrabeam is 
the perfect treatment.  The speed, the ease, the knowledge 
that I did not have to wait weeks or even months for 
radiotherapy – I knew that cancer cells can regroup, and that 
wound fluid facilitates this – was incredibly reassuring at a time 
when I was physically and emotionally vulnerable.  
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6.  The report itself goes into detail about the ageing UK 
population and the resulting increase in breast cancer among 
older women.  The Summary concludes ‘The longer term effects 
of INTRABEAM are not known and further research on this is 
needed.’    True.  But women in their late forties and fifties 
must be among the busiest of people, the majority of them 
juggling young families with careers and jobs.  A long period of 
inactivity for them is desperately difficult – and expensive.  
They need fast and effective treatment now, not at some 
undefined future time. 
 
To tell an older woman –  I was 69 –to wait while further 
research is carried out, is unnecessarily cruel.  She may not live 
to benefit. The fact that the treatment has been followed in 
one of the biggest international breast cancer trials ever run, 
over twelve years, (above) was proof enough of its efficacy for 
me and, I am convinced , for others. We have no time to wait. 
 
I believe that to deny appropriately selected women  
INTRABEAM (TARGIT)  on the NHS any longer would be a real 
mistake.  For a patient, to be spared the unpleasantness, 
dangers and possibly hazardous long-lasting effects of EBRT, to 
know that for five years at least she will almost certainly be 
safe, is reason enough to choose it.  And – again as 
I understand it – once ten years has elapsed since surgery, 
there is no difference in local recurrence between treatment 
with EBRT and that with Intrabeam.  
 
It should go without saying that any woman must not only 
meet the clinical criteria but be fully informed of the risks and 
benefits of both treatments. 
 
Yours sincerely, 
Marcelle Clark 
* Cancer Research UK incidence data 





