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About PenTAG

The Peninsula Technology Assessment Group is part of the University of Exeter Medical School.
PenTAG was established in 2000 and carries out independent Health Technology Assessments for
the UK HTA Programme, systematic reviews and economic analyses for the NICE Centre for
Public Health Excellence, as well as for other local and national decision-makers. The group is
multi-disciplinary and draws on individuals’ backgrounds in public health, health services research,
computing and decision analysis, systematic reviewing, statistics and health economics. The
Institute of Health Research is made up of discrete but methodologically related research groups,

among which Health Technology Assessment is a strong and recurring theme.
Health technology assessment projects include:

e A systematic review and economic evaluation of diagnostic strategies for Lynch Syndrome

¢ Bosutinib for previously treated chronic myeloid leukaemia a single technology appraisal

e What is the effectiveness and cost-effectiveness of conservative interventions for
tendinopathy: an overview of systematic reviews of clinical effectiveness and systematic
review of economic evaluations

e A systematic review and economic evaluation of intraoperative tests (RD-100i OSNA
system and Metasin test) for detecting sentinel lymph node metastases in breast cancer

¢ Dasatinib and Nilotinib for the 1st line treatment of chronic phase chronic myeloid
Leukaemia (CML): a systematic review and economic model

¢ Bevacizumab, Cetuximab, and Panitumumab in colorectal cancer (metastatic) after failure
of 1st line chemotherapy: a systematic review and economic model

e The psychological consequences of false positive mammograms: a systematic review

¢ Bendamustine for the first-line treatment of chronic lymphocytic leukaemia (Binet stage B or
C) in patients for whom fludarabine combination chemotherapy is not appropriate: a critique
of the submission from Napp

e The effectiveness and cost-effectiveness of donepezil, galantamine, rivastigmine and
memantine for the treatment of Alzheimer’s disease (review of TA111): a systematic review
and economic model

o Ofatumumab (Arzerra®) for the treatment of chronic lymphocytic leukaemia in patients who
are refractory to fludarabine and alemtuzumab: a critique of the submission from GSK

e Everolimus for the second-line treatment of advanced and/or metastatic renal cell
carcinoma: a critique of the submission from Novartis

e The clinical and cost-effectiveness of sunitinib for the treatment of gastrointestinal stromal
tumours: a critique of the submission from Pfizer
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Executive summary

1.1. Background

Anaemia is defined as a deficiency in red blood cells. It is the most frequent haematological
manifestation in patients with cancer; more than 50% of all cancer patients will be anaemic
regardless of the treatment received, and approximately 20% of all patients undergoing
chemotherapy will require red blood cell transfusion (RBCT). The cause is multifactorial:

patient-, disease-, or treatment-related.

Anaemia is associated with many symptoms. These include dizziness, shortness of breath
on exertion, palpitations, headache and depression. All affect health-related quality of life
(HRQoL). Severe fatigue is probably the most commonly reported symptom and can lead to
an inability to perform everyday tasks. However, fatigue in people with cancer can also have

other causes; e.g. the disease itself, chemotherapy, radiotherapy, anxiety or depression.

Many people are anaemic when cancer is diagnosed, before any cancer treatment starts.
The degree of anaemia caused by treatments such as chemotherapy often fluctuates
depending on the nature of the treatment and the number of courses administered, but is
typically at its worst two to four weeks after chemotherapy is given. Once cancer treatments
are stopped, a period of 'normalisation’ is likely, during which the haemoglobin (Hb) may

return to pretreatment levels.

Options available for the management of cancer treatment-induced anaemia include
adjustments to the cancer treatment regimen, iron supplementation and RBCT. The majority
of people who become anaemic do not receive any treatment for their anaemia, but those
who become moderately or severely anaemic are usually given RBCTs. Complications
related to RBCT include procedural problems, iron overload, viral and bacterial infections,
and immune complications. However, there is a small proportion of people unable to receive
RBCT (Jehovah’'s Witnesses and people with multiple antibodies to RBCs as they have
required regular RBCT in the past).

1.1.1. Treatment landscape, 10 years on

Erythropoietin is a glycoprotein hormone, which is produced mainly in the kidney and is
responsible for regulating red blood cell production. Erythropoietin for clinical use is

produced by recombinant DNA technology. Erythropoiesis stimulating agents (ESAs) are
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used as an addition to, rather than a replacement for, existing approaches to the
management of anaemia induced by cancer treatment. RBCT, in particular, may still be

needed in people treated with ESAs.

Previous National Institute for Health and Care Excellence (NICE) guidance (TA142) in 2007
recommended ESAs: ‘in combination with intravenous iron as an option for the management
of cancer treatment-induced anaemia in women receiving platinum-based chemotherapy for
ovarian cancer who have symptomatic anaemia with a haemoglobin level of 8 g/100 ml or
lower. The use of ESAs does not preclude the use of existing approaches to the
management of anaemia, including blood transfusion where necessary. ESAs in
combination with intravenous iron may be considered for people who cannot be given blood
transfusions and who have profound cancer treatment-related anaemia that is likely to have

an impact on survival.’

While evidence at the time documented a clear improvement in haematological response
and a reduction in the need for red blood cell transfusions associated with the use of ESAs,
there was considerable uncertainty surrounding safety (in particular the frequency of
thromboembolic events), and the impact on survival; giving rise to ongoing debate as to the
effectiveness and safety of ESAs in this area. Ten years on from the previous appraisal

(2004) licences have been amended to reflect these concerns.

Initially all ESAs were recommended for use at Hb level <11 g/dl, with target Hb levels not
exceeding 13 g/dl. A safety review by the Pharmacovigilance Working Party at the request of
the Committee for Medicinal Products for Human Use in 2008 resulted in changes to the
Summary of Product Characteristics for all ESAs at the European Medicines Agency’s
request. These changes came into effect in 2008 — after the previous guidance was issued —
and included: a decrease in the haemoglobin value for treatment initiation to Hb <10 g/dI (to
either increase haemoglobin by <2 g/dl or to prevent further decline); to amend haemoglobin
target values to 10—12 g/dl and haemoglobin levels for stopping treatment to >13 g/dl. In
addition, the EMA added the following criteria to the label: in patients not treated with
chemotherapy, there is no indication for the use of ESAs and there might be increased risk
of deaths when ESAs are administered to a target of 12—14 g/dl; and, in people treated with

curative intent, ESAs should be used with caution.
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1.1.2. Current evidence

Previous guidance (TA142) was based on evidence presented as part of the HTA process
by Wilson and colleagues (2007). This review had a wider focus than the present HTA in
that it considered the use of ESAs with regard to their effectiveness in treating cancer-

related anaemia irrespective of whether caused by cancer treatment.

Scoping searches identified two relevant recent Cochrane reviews (Tonia and colleagues,
2012; and Bohlius and colleagues, 2009). As in Wilson and Colleagues (2007), the focus
of these reviews was the use of ESAs with regard to their effectiveness in treating cancer-

related anaemia irrespective of whether caused by cancer treatment.

Current evidence suggests that ESAs reduce the need for RBCT but increase the risk for
thromboembolic events and deaths. There is suggestive evidence that ESAs may improve

quality of life. Whether and how ESAs affect tumour control remains uncertain.

1.2. Objective

The following question was addressed by this report: “‘What is the effectiveness and cost-
effectiveness of erythropoietin stimulating agents in anaemia associated with cancer

treatment (specifically chemotherapy)?’

The review was based on a pre-defined scope issued by NICE, and conducted in
accordance with a pre-defined protocol. Given the publication of the 2012 Cochrane review
(Tonia and colleagues, 2012), and the fact that no studies were completely aligned with the
current UK authorisation, studies were considered eligible for inclusion in accordance with
UK marketing authorisations if they used a licensed starting dose irrespective of how they

dealt with other criteria stipulated by the licence.

The ESAs considered are: epoetin alfa (Eprex®, [Janssen-Cilag] and Binocrit® [Sandoz]);
epoetin beta (NeoRecormon®, Roche Products); epoetin theta (Eporatio® [Teva UK]);
epoetin zeta (Retacrit® [Hospira UK]) Darbepoietin alfa (Aranesp® [Amgen]). All
interventions will only be considered according to their UK marketing authorisation. The key

assumption maintained throughout this report is that all ESAs are equally effective.
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1.3. Methods

1.3.1. Clinical effectiveness and health-related quality of life:

The search strategy is based on the strategy used in the previous HTA review on this topic
(Wilson and colleagues, 2007). The databases searched included: The Cochrane Library,
MEDLINE, MEDLINE In Process, Embase, Web of Science; CINAHL; British Nursing Index;
HMIC; Current Controlled Trials; Clinical trials.gov; FDA website; and, EMA website. As this
is an update of a previous review databases were searched from 2004 to 2013. Search
filters were applied to retrieve randomised controlled trials (RCTs) and quality of life studies.
Bibliographies of included papers were scrutinized for further potentially includable studies.
The reference lists of the industry submissions were also scrutinised for additional studies.
Due to resource limitations the search was restricted to English language papers only. All
references were managed using Endnote (X5; Thomson ISI ResearchSoft) and Microsoft

Excel 2010 software.

Titles and abstracts returned by the search strategy were examined independently by four
researchers (LC and MH [clinical] and TJH and LL [health-related quality of life]) and
screened for possible inclusion. Disagreements were resolved by discussion. Full texts of
the identified studies were obtained. Four researchers (LC and MH [clinical], and TJH and LL
[health-related quality of life]) examined these independently for inclusion or exclusion, and
disagreements were again resolved by discussion. Included studies from the previous HTA
review (Wilson and colleagues, 2007) were also screened for inclusion by two researchers
(LC and MH).

Dosing strategies vary considerably in the literature in terms of: start dose (fixed or weight-
based); trigger haemoglobin level, target haemoglobin level; dose escalation; stopping rules
for non-responders; and, duration of use. These aspects will have an impact on effect
estimates. Given the publication of the 2012 Cochrane review (Tonia and colleagues,
2012), this HTA review focused on the administration of ESAs in accordance with UK
marketing authorisations. However, as none of the trials completely met the current licence
recommendations, they were considered eligible for inclusion if they used a licensed starting
dose irrespective of how they dealt with other criteria stipulated by the licence; e.g. inclusion
or target Hb levels. Thus, ESAs administered weekly, for epoetin alfa and epoetin zeta,
three-times weekly, for epoetin beta; and, every three weeks for darbepoetin alfa were
considered eligible for inclusion. Fixed (epoetin theta) and weight-based (epoetin alfa,

epoetin beta, epoetin zeta, and darbepoetin alfa) dosages were allowed. In addition, we also
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conducted post hoc analyses considering inclusion Hb level closer to licence <11 g/dl and

>11 g/dl; and target Hb closer to licence <13g/dl and >13 g/dI.

Data were extracted by one reviewer and checked by another. Disagreements were

resolved by discussion.

The results of individual trials were pooled using meta-analysis where possible and justified.
A random-effects model was assumed for all meta-analyses. Where data were not reported
in the published papers data were extracted from the 2012 Cochrane review (Tonia and
colleagues, 2012). This was justified on the basis that the Cochrane authors had had
access to additional unpublished materials when conducting their review. Where meta-
analysis was not possible narrative synthesis, supported by information collected the data

extraction tables, was used to summarise the evidence base.

Subgroup analyses were conducted: mean Hb at baseline (<10 g /dl versus <11 g/dl versus
<12 g/dl versus <14.5 g/dl versus not reported); Hb inclusion criteria (<11 g/dl and >11 g/dl);
malignancy type (solid, haematological, mixed, not reported); ovarian cancer; chemotherapy
type (platinum, non-platinum, chemotherapy plus radiotherapy; mixed chemotherapy; not
reported); ESA type (short-lasting, long-lasting); iron supplementation (given, not given,
given differently in treatment arm; not reported); duration of ESA medication (6-9 wks, 12—
16 wks, 17-20 wks, >20 wks); and, study design (blinded [RCT], unblinded [randomized
open label [ROL]]).

1.3.2. Cost effectiveness

1.3.2.1. Review of past economic evaluations

The previous NICE appraisal (TA142), published in Wilson and colleagues (2007),
included a systematic review of published evidence of the cost-effectiveness of ESAs for
cancer treatment-induced anaemia. Several databases (including MEDLINE and EMBASE)
were searched, resulting in 491 records being identified. After screening by title and
abstract, 44 full-text articles were retrieved for assessment. Five studies were eligible for
inclusion and were critically appraised and summarised. Of these five studies, three were

cost-utility analyses (i.e., studies reporting costs and QALYs of interventions).

We undertook to update the systematic review to identify any evidence regarding the cost-
utility of ESAs, particularly as relevant to the NHS. ESA administration was considered
20

Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG

within licence for inclusion in this review based on dose frequency but not dose quantity (i.e.,
QW for any ESA, TIW for epoetin alfa and epoetin zeta, Q3W for darbepoetin alfa and 3-7

times weekly for epoetin beta). Fixed and weight-based dosages were allowed.

Searches were conducted in several databases (including MEDLINE and EMBASE), with
results limited to studies published since 2004 where possible, resulting in 1,163 records
being identified. Following removal of duplicate records 843 titles and abstracts were
screened independently by two reviewers. Fifty four full-text articles were assessed for
eligibility and 29 were judged to be eligible. Five studies were excluded as they were

multiple publications meaning 24 studies were included.

1.3.2.2. PenTAG cost-utility model

1.3.2.2.1. Model structure

In the PenTAG assessment, the model takes the form of a simple, empirical model, informed
directly by the systematic review of clinical effectiveness. The model compares patients
receiving ESA therapy to patients not receiving ESA therapy and is split into two temporal
sections, one to evaluate the short-term costs and QALYs (while patients are anaemic) and

one to evaluate long-term QALYs.

Short-term costs are accrued in the form of ESA drug acquisition and administration, red
blood cell transfusion costs and costs of adverse events. Cancer costs are assumed equal
for all patients. No difference in survival time in the short term is modelled between arms.
Long term costs are not modelled due to the uncertainty of such costs, given the varied
patient population and to avoid an arbitrary value disadvantaging a strategy with a survival

benefit.

Short-term QALYs are accrued as the utility associated with empirical observation of Hb over
time. Here, Hb levels over time are taken directly from clinical trials and this approach
attempts to bolt-on an economic evaluation to the RCTs of ESAs. The short term QALY gain
includes time receiving ESA therapy and a time post-ESA therapy called normalisation

where patients return to their ‘normal’ Hb level (in the base case this is set to 12 g/dL).

Long-term QALYs are accrued due to potential differences in overall survival between the

two arms. These are calculated by estimating overall survival in each arm and applying a

long-term utility common to both arms, i.e., it is assumed long-term QALY differences only
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come about through a difference in survival due to ESA therapy, not through any enduring

impact on health-related quality of life.

An exponential distribution is assumed for overall survival of patients not receiving ESA
therapy in the base case as this is consistent with results from a number of trials. A hazard
ratio is applied to overall survival for lifetime for patients receiving ESA therapy. Alternative

modelling assumptions are explored through scenario analyses.

1.3.2.2.2. Model parameters

On recommendation from NICE and in keeping with the clinical effectiveness review, equal
effectiveness was assumed for ESAs. However, some parameters specific to each ESA,

such as drug doses and costs, are varied between ESAs.

In order to ensure consistency between costs and benefits, all parameters are estimated on
the basis of intention-to-treat. For example, we use the mean weekly dosage of ESAs
averaged over all patients at baseline for the full intended treatment duration. This average

includes some patients who withdraw from ESA treatment during the trial.

1.3.2.2.3. Clinical effectiveness

Most parameters were estimated from outcomes reported by randomised trials included in
the systematic review of clinical effectiveness. No evidence from RCTs was found for
normalization of Hb levels following chemotherapy cessation, so this part of the model had to

be parameterised on the basis of clinical expert opinion.

1.3.2.2.4. Utilities

For the analysis, the model requires two sources of utility values: (1) utility as a function of
Hb levels during ESA treatment and during normalisation to reflect impact of ESAs on

HRQoL, and (2) constant utility value after normalisation, equal in all treatment arms.

A review was conducted of studies for (1) and a single study chosen from which the PenTAG
base case was calculated (Harrow and colleagues, 2011) and scaled to the EQ-5D, giving
a 0.028 increase in utility per unit increase in Hb. The long term utility of (2) is calculated
using an estimate for cancer utility from Tengs and Wallace (2000) and applying the age

related utility calculated from Ara and Brazier (2010). This gives a utility of 0.76.
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The model does not explicitly model disutility from adverse events, due to lack of data.

1.3.2.2.5. Costs

In this analysis we model the following costs: blood tests, ESA prices, red blood cell
transfusion (RBCT) cost (unit cost of blood and cost of transfusion appointment) and costs of
adverse events. We do not model long term costs in the base case, given the uncertainty
attached to these values as a result of the wide patient population. We assume that the cost
of intravenous iron supplementation can be ignored as it will be very similar for all arms.

Costs are adjusted to 2014/15 prices where appropriate.

Base case ESA costs are taken from the British National Formulary 2013. Wholesale
acquisition costs for ESAs have also been obtained and are used in a scenario analysis.
ESAs are assumed to be administered once weekly in the base case, by a mixture of GP,
district, hospital staff nurse and self- administration. ESAs are also assumed to incur costs
for four additional blood tests compared to the no ESA arm, in line with the possibility that

additional blood tests would continue post-chemotherapy for those patients on ESAs.

The adverse events we account for in this cost-effectiveness analysis are identified through
the clinical effectiveness review. In particular we account for the cost of thromboembolic
events, hypertension, and thrombocytopenia. The unit costs of managing thromboembolic
events (particularly pulmonary embolism and deep vein thrombosis), hypertension and

thrombocytopenia are identified through NHS Reference Costs 2012-13.

Unit costs for the supply of red blood cells (RBCs) are taken directly from NHSBT 2012/13
costs (£122 per unit) and unit costs of a transfusion appointment are calculated using figures

reported in Varney and Guest 2003.

1.3.2.2.6. Other model characteristics

A lifetime time horizon is used in the model. The perspective adopted was NHS and

Personal Social Services. Costs and benefits were discounted at 3.5% per annum.

The age and weight of patients in the model are estimated from the age and weight reported

in clinical studies included in the systematic review of clinical effectiveness evidence.
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1.4. Results

1.4.1. Clinical effectiveness

1.4.1.1. Number and quality of effectiveness studies

From 1,458 titles and abstracts screened 11 systematic reviews (reported in 14
publications), and 23 RCTs (reported in 35 publications), were found that matched the
inclusion criteria for this review. Update searches yielded 70 unique titles and abstracts;
however, none were considered to meet the criteria for review. All of the included studies
had been included in the recent Cochrane review (Tonia and colleagues, 2012). The
PenTAG review included one full paper (Moebus and colleagues, 2013) reporting a study
for which only an earlier abstract (Moebus and colleagues, 2007) was included in the
Cochrane review (Tonia and colleagues, 2012). Thirteen studies compared ESAs plus
supportive care for anaemia (including transfusions) with placebo plus supportive care for
anaemia (including transfusions) alone; and, ten studies compared ESAs plus supportive
care for anaemia (including transfusions) with supportive care for anaemia (including
transfusions) alone. Of note, none of the included studies evaluated ESAs entirely within the
remit of their marketing authorisations; in particular, start and target haemoglobin levels, and

stopping rules were all generally higher than specified in the license.

Taken as a whole, the quality of the trials was moderate to poor. For most of the trials it was
difficult to make a general assessment about study quality due to reporting omissions. Most
notably, all trials lacked clarity in the reporting of allocation methods (the procedure for

randomisation and/or allocation concealment).

1.4.1.2. Assessment of effectiveness

Overall the analysis of haematological response (defined as an improvement of 2 g/dl or a
6% increase in haematocrit level) included 10 studies with 2,228 participants. Meta-analysis
showed a statistically significant difference in Hb response in favour of treatment (RR 3.29,
95% CI 2.84-3.81). Sixty-three per cent (n/N=759/1,213) of participants who received ESAs
achieved a haematological response compared with 18% (n/N=182/1,015). Subgroup
analyses were inconclusive. Treatment with ESAs reduces the number of patients receiving
RBCTs by an estimated 37%. These estimates are consistent with previously reported

estimates.
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Results of previous reviews with respect to survival have varied, and there is much debate
surrounding the impact of ESAs on survival. Survival data were available from 23 studies
including 5,064 participants. The HR for survival was 0.97 (95% CI 0.83, 1.13); the forest
plot suggested that there was a tendency for smaller studies to favour ESA treatment.
Although this estimate differed from those reported by Wilson and colleagues,2007) and
Tonia and colleagues,2012) — 1.05 (95% CI 1.00, 1.11), and 1.03 (95% CI 0.83, 1.13)
respectively, there was considerable uncertainty around this estimate and statistically
significant heterogeneity was identified( I 42.4%; X?=29.5, df=17, p=0.03). In addition

subgroup analyses did not identify groups at lower or higher risk.

On-study mortality was defined as deaths occurring up to 30 days after the active study
period. Data, extracted from the Cochrane review (Tonia and colleagues, 2012), were
available from 21 studies including 5,085 participants. Analyses suggest that treatment with
ESA in patients with CIA did not have a statistically significant effect on mortality (HR 0.86,
95% CI 0.67 to 1.11). Eleven per cent (174/1,586) participants who received ESA had died
within 30 days of the active study period, compared to 12% (164/1,381) of patients in control

groups.

All AEs were relatively rare compared to the other outcomes considered in this report. The
AE with the highest rate was thrombocytopenia/haemorrhage; 6% (55/877) in ESA treatment
groups, and 6% (54/838) in control groups. The summary estimate for
thrombocytopenia/haemorrhage in the PenTAG review was RR 0.93 (95% CI 0.65, 1.34)
compared with RR 1.21 (95% CI 1.04, 1.42) in the Cochrane review (Tonia and colleagues,
2012). However, although the point estimate is lower compared with previous results the
data are insufficient to rule out detrimental effects. Overall, data suggest increased risk for
thromboembolic events, hypertension, seizures and pruritus (skin rash, irritation and pruritus
were combined in the analyses) consistent with previous estimates. Analyses suggest that
treatment with ESA in patients with CIA increases the risk for thromboembolic events (RR
1.46; 95% CI 1.08 to 1.99), increases the number of hypertension events (RR 1.80 95% CI
1.14 to 2.85)., increases the number of cases of pruritus (RR 2.04; 95% CI 1.11 to 3.75) and
suggests a non-significant increase in the number of seizures (RR of 1.19; 95% CI 0.33 to
4.38).
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1.4.1.2.1. Subgroup analyses

Two of the subgroups evaluated corresponded with the current NICE recommendations:
women with ovarian cancer receiving platinum-based chemotherapy, and people unable to

receive blood transfusion.

One trial (Ten Bokkel and colleagues, 1998) evaluated the use of ESAs in women with
ovarian cancer. Data confirm results from prior analyses with respect to anaemia-related
outcomes; i.e. improvements in haematological response and reduction in RBCT
requirement, but increased risk for thromboembolic events. Overall survival was not
measured. No trials were identified that evaluated people unable to receive blood
transfusions. However, it is reasonable to assume that ESAs are likely to be effective in

improving Hb level in this subpopulation.

In addition, subgroup analyses considering any type of cancer and platinum-based
chemotherapy, platinum-based chemotherapy in head and neck malignancies, and iron

supplementation were conducted.

1.4.1.2.2. Other factors for consideration

As previously stated, studies were eligible for inclusion in the systematic review if they used
a licensed starting dose irrespective of how they dealt with other criteria stipulated by the
licence. In addition to this we also considered this in combination with other licence criteria;
i.e. inclusion Hb criteria (closer to the licence <11 g/dl and >11 g/dl), and target Hb (closer to

the licence <13 g/dl and >13 g/dl) in post hoc analyses.

A trend associated with the administration of ESAs according to licence recommendations
was noticed. It appeared that effectiveness in terms of some outcomes was improved when
ESAs were evaluated closer to their licenced indications; e.g. dose and inclusion Hb level
(=11 g/dl), and dose, inclusion Hb level (<11 g/dl) and target Hb level (<13 g/dl). Findings for
anaemia-related outcomes showed improvements consistent with prior analyses. The
effectiveness on malignancy-related outcomes did appear to be affected by the licence
application and estimated effects of ESAs administered in accordance with licence
recommendations were notably lower than those reported in prior analyses. Importantly,
although the results for thromboembolic events from the PenTAG review agree with the
Cochrane review (Tonia and colleagues, 2012), suggesting an increase in thromboembolic

events in patients with ESA compared to controls, the closer the studies were to the licence
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recommendations, the smaller the point estimates (suggesting less detrimental effects of
ESA).

However, all subgroup analyses must be interpreted with caution. The number of studies per
subgroup is small, and the confidence intervals remain wide. The analyses may not have
statistical power to detect the effects of license application on the effectiveness of outcomes,
if such effects exist. Furthermore, we have not sought to address multiple testing issues
which arise when considering subgroups and so the statistical significance of results may

appear overstated.

1.4.2. Health-related quality of life

Thirteen trials measuring HRQoL were reported in 23 publications. Of these publications, 11
primary studies were included in the review by Wilson and colleagues (2007). Three new

primary studies were identified in the update searches.

Taken as a whole, the quality of the trials was moderate to poor. For most of the trials it was
difficult to make a general assessment about study quality due to reporting omissions.
Baseline characteristics were unbalanced in two trials. Patients and physicians were blinded
for the majority of trials, which is considered to have a significant impact of HRQoL assessed
by self-reporting. Significant patient numbers were lost to follow-up for HRQoL outcomes in

at least six trials.

Given the variability of reporting in the published papers FACT-F 13 item (score 0-52), data
were extracted from the Cochrane review by Tonia and Colleagues (2012) for use in the
PenTAG analyses. FACT-F scores were available from seven studies with one new primary
study identified. Overall, conclusions from the PenTAG review are in agreement with the
Cochrane review (Tonia and colleagues, 2012) in that there is a statistically significant
difference between patients treated with ESAs and controls when combining HRQoL
parameters. However, the pooled mean difference between the treatment and control arms
is <3 units, which is not considered clinically significant for FACT-F. Univariate subgroup
analyses conducted for FACT-F outcomes according to chemotherapy type, malignancy
type, intervention (epoetin or darbepoetin), and study duration, also showed similarly

statistically significant results between intervention and control.

Meta-analysis was performed on FACT-G and FACT-An (7 items), however, only three

studies were suitable for inclusion for each scale, and their results displayed high levels of
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heterogeneity. The results of no statistical difference between intervention and control must

therefore be treated with caution.

Overall, conclusions from the PenTAG review are in agreement with the Cochrane review
(Tonia and colleagues, 2012) and the previous HTA review (Wilson and colleagues,
2007). We have attempted to include populations closer to the licence for ESAs to
understand the effects on HRQoL at these doses. Furthermore, as the previous HTA
(Wilson and colleagues, 2007) was only able to use a vote counting method to estimate
the positive direction of effect, results from the PenTAG review have been quantified and

pooled to enable a more direct comparison between treatments.

1.4.3. Cost-effectiveness

1.4.3.1. Published economic evaluations

Of the 24 included studies, 12 were abstracts only. Two related to the previous NICE
appraisal. Three were new cost-utility studies (Fagnoni and colleagues, 2006; Borg and
colleagues, 2008; Tonelli and colleagues, 2009). Two were or included new systematic

reviews (Duh and colleagues, 2008; Tonelli and colleagues, 2009).

Data extraction was conducted for all 24 included studies, but attention was focused on the
new cost-utility studies and new systematic reviews. New cost-utility studies were critically
appraised using quality assessment tools (Evers and Philips checklists as appropriate).

Narrative synthesis was conducted.

All of the studies (pooling those included from the previous review and the new studies)
finding favourable cost-effectiveness for ESAs were funded or conducted by industry. Many
of these assumed ESA therapy would lead to survival benefit for patients, although this is not

supported by recent systematic reviews and meta-analyses.

A key assumption in almost all analyses was that raising Hb levels would improve health-
related quality of life, though in no case was this assumption based on published RCT

evidence using a preference-based quality of life measure.

A number of studies assumed a period following the end of chemotherapy treatment during
which Hb levels would gradually return to normal (termed normalisation), whilst participants

in the ESA arm would continue to accrue incremental benefits in quality of life over
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participants in the no ESA arm; to our knowledge, no evidence for or against normalisation

has been presented in the published literature.

In the absence of survival benefit the expected health gain from ESA therapy is small (up to
0.035 QALYs) and is subject to uncertainty.

Studies did not incorporate current list prices or wholesale acquisition costs, which could
significantly reduce the drug acquisition component of ESA therapy cost and improve cost-

effectiveness.

There is a need for an up-to-date analysis of the cost-effectiveness of ESAs in the NHS to
reflect reduced drug acquisition costs, changes to licences and market entry of additional
comparators. This analysis will need to explore the significant amount of uncertainty which

still remains.

1.4.3.2. Appraisal of industry submissions

Six manufacturer submissions were potentially available for this MTA. However, no

manufacturers’ submitted an economic evaluation.

1.4.3.3. PenTAG model

1.4.3.3.1. Base case

We find that the deterministic base case has incremental cost-effectiveness ratios (ICERS)
for ESA treatment versus no ESA treatment range from £19,429-£35,018 per QALY gained.
Given that this covers a wide range of values and the entirety of the £20,000—£30,000 per
QALY range that is often used as a cost-effectiveness threshold by NICE, it was considered

appropriate to emphasise the results of the probabilistic sensitivity analyses (PSA).

1.4.3.3.2. Sensitivity analyses

The expected mean results from the PSA gave ICERs that were lower than the deterministic
base case (£14,724-£27,226 per QALY gained). The QALY's gained for ESA treatment
compared to no ESA treatment had an average of 0.092 with a confidence interval of (-0.264
— 0.447). The incremental costs for the most-cost-effective ESA (Binocrit® [epoetin alfa])
were £1,349 (£710-£1,987, 95% CI). The ICER for Binocrit had a 95% credible interval (Crl)

that was dominated by no ESA use (had fewer QALYs and higher costs) at its upper end,
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with a lower value of £2,350 per QALY gained (rounded to the nearest £50). In 36% of
simulations there was an overall survival loss, with 31.4% of simulations having an overall
QALY loss. Given this was the most cost-effective ESA treatment, it is unsurprising that the
rest of the ESAs were also dominated at their upper credible interval limit. These results
suggest that ESAs may be cost-effective at a threshold of £20,000 per QALY, but also
suggest that there is also a potential QALY loss from ESA use. These results suggest that
ESAs could be cost-effective at a threshold of £20,000 per QALY, but this could also be a
result of chance variation, and there is a significant chance of QALY loss in patients

receiving ESA therapy.

1.4.3.3.3. Scenario analyses

Scenario analyses were conducted to investigate what was driving the wide range of values

in the ICERSs credible intervals. The three considered most important are:

(1) Setting the overall survival hazard ratio to exactly 1, such that survival is the same for
both patients on ESA therapy and those not on ESA therapy.

(2) Setting ESA costs to wholesale acquisition costs, in an attempt to establish the real
costs to the NHS

(3) Setting the overall survival hazard ratio to exactly 1 and the ESA costs to wholesale

acquisition costs.

In the first of these scenarios, where survival is assumed equal for both treatment arms, we
find that the QALY gain has greatly reduced (as well as the confidence interval: 0.014
(0.001-0.027), suggesting that much of the variability in the base case QALYs came from
the QALYs accrued in long term survival. The reduction in QALY also increases the
ICERSs, with the most cost-effective ESA achieving an ICER of £96,754 per QALY gained
(95% Crl: £36,500 to over £300,000 per QALY gained) in the PSA. None of the credible
intervals for the ICERs fall below £30,000 per QALY gained, suggesting in this scenario that

ESAs are unlikely to be cost-effective.

In the second scenario, where wholesale acquisition costs were implemented,
I (for the least costly ESA-
Retacrit®) per QALY gained. However, in this scenario the 95% Crl went from ESA
dominating, (with more QALY's and lower costs than no ESA use) at one end, to being

dominated by the no ESA arm at the other end.
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In the third scenario, where survival is assumed equal for both treatment arms and

wholesale acquisition costs are used

We also conducted scenario analyses on a subgroup of studies where initial Hb level for
participants was <11 g/dl, and to investigate the assumptions around overall survival.
Univariate sensitivity analyses were also conducted. All these analyses resulted in less

significant areas of uncertainty than those identified by the results presented in this section.

1.5. Discussion

1.5.1. Strengths and limitations: clinical-effectiveness and quality
of life reviews

The overview of clinical effectiveness systematic reviews were conducted by an

independent, experienced research team using the latest evidence and working to a pre-

specified protocol (PROSPERO CRD42013005812). This technology assessment builds on

existing secondary research and economic evaluations. However, there are some important

sources of uncertainty that impact on the conclusions.

¢ Relative effectiveness: \WWe did not address the relative effectiveness of different
ESAs. Lack of head-to-head RCT evidence would have been an important limitation
if we had tried to do this.

¢ Dose: The protocol stated that ESAs should be evaluated in accordance with their
UK marketing authorisations. However, given the fact that no studies were
completely aligned with the current UK authorization, we identified studies which
were closest to the current marketing UK authorization, focusing initially on the
starting dose. It is important to note that beyond the start dose there was still a
significant differences from the current licence recommendations of the included
studies. Also we did not pre-specify the criteria used to define closest to the current
UK authorization, but we did explore alternative, stricter ways of making this

definition.
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¢ Generalisability: There may be other challenges to the applicability of the included
trials which were done up to 20 years ago. Chemotherapy has changed during this

period as has the quality of supportive treatment.

e Study quality: The included trials were of variable quality but all were flawed to
some degree. Most notably, all trials lacked clarity about randomisation and
allocation concealment. The general problem of poor reporting of trials on this
topicwas greatly assisted by the recent Cochrane review (Tonia and colleagues,
2012). The authors had gathered further information from Investigators and

manufacturers, which were used in the meta-analysis for the current review.

o Heterogeneity: There is considerable considerable unexplained statistical

heterogeneity for a number of outcomes, particularly survival .

e Publication bias: There was some evidence in both the previous review and the
Cochrane review that the results from small negative trials may not be available for
inclusion in the systematic reviews, suggesting the possibility of publication bias. For
some outcomes in this review ie HRQoL this could not be further investigated
because of the small number of included studies, in others such as survival there
was continuing support for the possibility of publication bias. Industry-sponsored trials

predominate.

e Precision: Although there is an apparent wealth of RCTs, only a minority of these
were included because of the desire to address effectiveness as close as possible to
current UK authorization. 95% confidence intervals were in consequence often wide
and include values indicating no difference in effect. The problem was compounded
by the fact that total number of patients in the trials included were insufficient to
establish the true presence of or absence of an effect, either because events are
uncommon ie adverse events, or because the effect size which would be deemed to

be clinically important is small, as would be the case with survival.

o Multiple testing: Although we were aware of the possibility of spuriously positive
tests for statistical significance arising because of the multiple sub-groups analyses

done, we did not formally make adjustments for this

The limitations identified above impact on the key outcomes as follows:
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1.5.2.

Haematological response and numbers transfused seem robust estimates, with no

marked heterogeneity or subgroup effects

Hb change does have important heterogeneity, which may possibly indicate

subgroup effects; however, analyses in this respect were inconclusive
HRQol is affected by the variability of instruments used and study quality

Adverse events are mainly affected by the quality of information available, the
variability in the definition of individual adverse events used and the width of the

confidence intervals.

Survival is also subject to all the limitations outlined above. Marked heterogeneity
was identified for which no explanation could be provided. In addition, OS was
calculated from the longest follow-up availableans as result there was a mix of short-

and long-term studies.

Strengths and limitations: cost-effectiveness

1.5.2.1. Systematic review of cost-effectiveness studies

The systematic review of cost-effectiveness evidence was conducted by an
independent research team using the latest evidence and to a pre-specified protocol.
Two new systematic reviews were identified, neither of which identified studies which

would have been eligible for this review but were not included.

Limitations were identified as follows:

The searches were limited to English language due to resource limitations;

Only systematic reviews and cost-utility studies were fully critically appraised and

considered in the narrative synthesis;

Records from database searches published pre-2004 were excluded although it was
not possible to assess whether these had been screened for eligibility in the
systematic review presented in Wilson and colleagues (2007);Studies using
darbepoetin alfa once every two weeks were excluded as out of licence although

these could have usefully contributed to the review.
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1.5.2.2. PenTAG model
The main limitations for viewing the updated model and its outputs with such caution are:

o Despite being highly influential on the model results, the marginally beneficial overall
survival hazard ratio identified in the clinical effectiveness section has no strong
biological rationale. Although many post hoc suggestions have been advanced to try
to explain both the increases and decreases survival observed in individual ESA

RCTs, most of these results can be explained by chance alone.

o The overall survival hazard ratio is applied assuming proportional hazards applying
for lifetime after ESA therapy, although to our knowledge the proportional hazards
assumption has not been tested. Most included studies had limited follow-up so the
long-term impact on survival is not well known. Limiting the effect of ESA therapy on
survival to three years results in a significant worsening of cost-effectiveness for
ESAs.

e The mapping of Hb to utility is a surrogate outcome with the problems this entails.
Furthermore the utility identified for the base case was not ideal: it had to be
additionally mapped to the EQ-5D, and the patient population was cancer patients
without ESA use only. The main weakness of the study design was that it was
observational. This means that the estimated relation between utility and Hb level
may be biased due to unmeasured confounding variables, and it is likely that this

would bias the results in favour of ESAs versus controls.

e Furthermore, evidence is lacking for the process of normalisation and this was

entirely informed by clinical expert opinion.

e We also assumed constant cancer costs between ESA and no ESA arms, where this

may not be the case.

¢ The model also assumes that there is no long term cost difference between arms, but
does assume a long term survival benefit. As previous models indicated, this long
term aspect of the model is an area which has not been assessed in great detail

before, as such this is an area where there need to be better understanding.

o As the model is primarily driven by data from the clinical effectiveness review, the
input parameters may not be in line with current practice. This also means that

limitations of the clinical effectiveness review carry over in to the cost-effectiveness
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results. Furthermore the inherent uncertainty in the estimates from the clinical-
effectiveness meta-analysis and its associated limitations are a main source of
uncertainty that occurs within the model. This also means that the effectiveness of

ESAs are assumed equal, as this follows from the clinical effectiveness review.

1.6. Conclusions

The previous HTA review (Wilson and colleagues, 2007) concluded: “Epo is effective in
improving haematological response and reducing RBCT requirements. It also appears to
improve HRQoL. Its impact on side-effects and survival remains highly uncertain. If there is
no impact on survival, it seems highly unlikely that ESAs would be considered a cost-

effective use of healthcare resources.”

Additional clinical effectiveness evidence identified in this update systematic review
continues to suggest that there is clinical benefit from ESAs with respect to anaemia-related
outcomes; i.e. improvements in haematological response and reduction in RBCT
requirement. Data also suggest an improvement in HRQoL and this is better quantified
compared with the previous HTA review. The impact on side-effects and survival, however,
remains highly uncertain. Although the point estimates for both survival and thromboembolic

events are lower than previously reported estimates the 95% confidence intervals are wide.

Conclusions concerning cost-effectiveness are also no clearer. Base case ICERs for ESA
treatment versus no ESA treatment ranged from £19,429-£35,018 per QALY gained, but
sensitivity and scenario analyses demonstrate that there is considerable uncertainty in these
ICERSs. In line with the previous HTA, survival was an influential parameter. If the survival
benefit reported in the clinical effectiveness review (0.97 [95% CI 0.83—1.13]) is used, ESAs
appear to be cost-effective on average but this is highly uncertain and QALY loss cannot be
ruled out (31.4% of simulations in the base case estimated QALY loss from ESA therapy).
However, if exactly equal survival is assumed regardless of ESA therapy, ESAs are
predicted not to be cost-effective, unless wholesale acquisition costs are used, in which case
ESAs are predicted to be cost-effective on average although approximately 1 in 5
simulations give an ICER over £30,000 per QALY and approximately 1 in 3 simulations give
an ICER over £20,000 per QALY.

In summary, ESAs could be cost-effective but there is considerable uncertainty mainly due

to unknown impacts on overall survival.
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1.6.1.

1.6.2.

Implications for service provision

Ongoing safety concerns: When seeking clinical experts to advise us in this
assessment we found that most relevant clinicians (i.e., oncologists, haematologists
and gynaecologists) did not use ESA therapy in their clinical practice. This was
generally due to concerns about safety and effectiveness (overall survival) as well as

restriction from previous NICE guidance (TA142).

Current usage: It is difficult to assess how frequently ESA therapy is used within the
indication of cancer treatment-induced anaemia because prescription records do not
routinely link medication with indication and ESA therapy is widely used in individuals
with chronic kidney disease (CKD). Some indirect evidence of the use of ESA
therapy for cancer treatment-induced anaemia is available from the use of cost
centres against which ESAs are recorded. Data analysed are suggestive of
significant variability in current usage, consistent with the experience that many
clinicians do not use ESAs due to safety concerns and current NICE guidance

(TA142), although data quality is low and interpretation challenging.

Acquisition costs: The cost at which hospitals acquire ESAs may be significantly
lower than the list price for the drugs. These prices are the subject of confidential
negotiations and are commercially sensitive. At present acquisition prices will largely
be driven by demand for ESAs for individuals with CKD. Current prices could be
disturbed if there were developments in the management of CKD or if demand for
ESAs increased for patients with cancer treatment-induced anaemia (as might be

expected following positive NICE guidance).

Suggested research priorities

If ESAs are thought to have major potential in improving cancer care, large RCTs
meeting current methods and reporting standards with adequate follow-up are
needed to evaluate ESAs as administered in line with current marketing
authorisations (including licence criteria for haemoglobin levels)

There should be improved estimates of the impact on tumour response and mortality;
if these estimates are neutral or slightly beneficial it is plausible that ESAs could be
cost-effective

There should be assessment of the frequency of the key potential adverse events
related to ESA administration
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¢ More data are needed to assess the impact on HRQoL. These should include the
effect on EQ-5D.

e More evidence is needed to assess the impact of Hb normalisation on utility

e |n addition to new trials, it may be valuable to re-visit Cochrane IPD meta-analysis
and select studies that better fit ‘licensed recommendations’ with respect to Hb
criteria and dose administered

¢ It may also be helpful to explore reasons why improved anaemia may lead to better

outcomes i.e. do ESAs allow better compliance with chemotherapy
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Background

2.1. Aim of the review

The aim of this assessment is to review and update research evidence as necessary, to
inform National Institute for Health and Care Excellence (NICE) guidance to the National
Health Service (NHS) in England and Wales on the clinical and cost-effectiveness of
erythropoiesis-stimulating agents (ESAs) for the treatment of cancer treatment-induced

anaemia (see Section 2.4.2.2, page 44).

This previous guidance (TA142) was primarily based on evidence presented to NICE in the
assessment report by Wilson and colleagues, 2007." We will incorporate relevant evidence

presented in this previous report and report new evidence since 2004.

2.2. Description of the health problem

Anaemia is defined as: “a reduction of the haemoglobin (Hb) concentration, red blood cell
(RBC) count, or packed cell volume below normal levels”.? A commonly used classification

of anaemia according to Hb levels is shown in Table 1.2

Table 1. Classification of anaemia (from Wilson and collegues, 2007)"

Severity WHO NCI

Grade 0 (WNL) =11 g/dI WNL

Grade 1 (mild) 9.5-10.9 g/dI >10 g/dl WNL
Grade 2 (moderate) 8.0-9.4 g/l 8-10 g/dl
Grade 3 (serious/adverse) 6.5-7.9 g/dl 6.5-7.9 g/dl
Grade 4 (life threatening) <6.5 g/di <6.5 g/di

Key: NCI, National Cancer Institute; WHO, World Health Organisation; WNL, within normal limits

It is the most frequent haematological manifestation in patients with cancer; more than 50%
of all cancer patients will be anaemic regardless of the treatment received, and
approximately 20% of all patients undergoing chemotherapy will require red blood cell
transfusion (RBCT).?

The cause of anaemia is usually multifactorial and may be patient-, disease-, or treatment-
related.® The haematological features in anaemic patients depend on the different types of

malignant disease, stage and duration of the disease, the regimen and intensity of tumour
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therapy and possible intercurrent infections or surgical interventions. Tumour associated
factors such as tumour bleeding, haemolysis, deficiency in folic acid and vitamin B12, can be
acute or chronic. In the advanced stages of haematological malignancies, bone marrow
involvement often leads to progressive anaemia. In addition, interaction between tumour-cell
populations and the immune system can lead to the release of cytokines, especially
interferon-gamma, interleukin-1, and tumour necrosis factor. This disrupts endogenous
erythropoietin synthesis in the kidney and suppresses differentiation of erythroid precursor
cells in the bone marrow. As a result, patients with tumour anaemia may have relatively low
levels of erythropoietin for the grade of anaemia observed. Moreover, activation of

macrophages can lead to a shorter erythrocyte half life and a decrease in iron utilization.

Chemotherapy may cause both transient and sustained anaemia.®* Mechanisms of drug-
induced anaemia in patients with cancer include stem cell death, blockage or delay of
haematopoietic factors, oxidant damage to mature haematopoietic cells, long-term
myelodysplasia, immune-mediated haematopoietic cell destruction etc.® Patients treated
with platinum-based regimens develop anaemia most often and frequently need
transfusions.® As a consequence, dose-intensified regimens or shortened treatment
intervals, as well as multimodal therapies, are associated with a higher degree of anaemia.’
Anaemia can also compromise the effect of treatment, because low tissue oxygenation is
associated with a reduced sensitivity of tumours to radiation and some forms of

chemotherapy, contributing to the progression of cancer and reduction in survival.?

Among patients with solid tumours the incidence of anaemia is highest in patients with lung
cancer (71%) or gynaecological cancer (65%); these patients have the highest frequency of
anaemia and the highest rate of transfusion requirements.>* The frequency of RBCT
requirements in these patients varies from 47 to 100% depending on the cumulative dose of
platinum chemotherapy received and other risk factors; e.g. age, disease stage and pre-
treatment Hb level. In haematological cancers, anaemia is an almost invariable feature of the
disease.?® In addition, some of the newer chemotherapeutic agents such as taxanes or

vinorelbine are strongly myelosuppressive and frequently cause anaemia.’

The clinical manifestation and severity of anaemia can vary considerably among individual
patients.® Mild-to-moderate anaemia can typically cause signs and symptoms such as
headache, palpitations, tachycardia and shortness of breath.> Chronic anaemia can result in
severe organ damage affecting the cardiovascular system, immune system, lungs, kidneys,

and the central nervous system.? In addition to physical symptoms, the subjective impact of
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cancer-related anaemia on quality of life (QoL), mental health and social activities may be
substantial.®> A common anaemia-related problem is fatigue, which impairs the patient’s

ability to perform normal daily activities.>

2.3. Relationship between cancer treatment induced
anaemia and survival

Although the evidence is uncertain, some researchers hypothesise that anaemia in cancer
patients is associated with a worse prognosis. According to Bohlius and colleagues, 2009,°
one explanation may be that, as a result of a low Hb, the tumour cells become hypoxic and
are subsequently less sensitive to cytotoxic drugs, in particular oxygen-dependent
chemotherapies.”® Evidence for this, as reported in Tonia and colleagues (2012),"° exists
in studies where tumour control and overall survival are improved in solid tumour patients
with better tumour oxygenation.®' There is also the practical implication that severe
anaemia may require a dose reduction or delay of chemotherapy, subsequently leading to a
poorer outcome. It is therefore plausible that efforts taken to reduce anaemia may improve
tumour response and overall survival.® That said, it should be noted that Hb levels elevated
to >14 g/dl in women and >15 g/dl in men are undesirable and may lead to increased

viscosity, impaired tumour oxygenation and thromboembolic events.'?

As an intervention used to increase Hb, and by association improve prognosis, some studies
actually report a detrimental effect of ESAs on survival and tumour progression.’>"® This
effect is postulated to be due to the presence of erythropoietin receptors on various
cancers,?*?* whereby the endogenously produced or exogenously administered
erythropoietin promotes the proliferation and survival of erythropoietin receptor expressing
cancer cells.’. However, controversy about the functionality of these receptors remains®%°
and there are several studies which show no effect on tumour progression for patients

receiving ESAs. 62032

It should be noted that the maijority of studies examined in the systematic reviews by
Bohlius and colleagues (2009)° and Tonia and colleagues (2012)," have used a wide
range of administration frequencies and dosage of ESAs (generally exceeding the license),
which may cause a rise in adverse events and mortality. This knowledge, along with the
generally poor reporting and data omission on factors such as tumour stage and method of
assessment, have lead to the conclusion by Tonia and colleagues (2012),'° that no clear

evidence was found to either exclude or prove a tumour promoting effect of ESAs.
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2.4. Current management

2.4.1. Red blood cell transfusions

Anaemia in cancer patients can be treated with red blood cell transfusions (RBCTs), and

15% of people with solid tumours are treated with RBCT.*®

Different cut-off values are used for transfusions, depending on clinical symptoms and
patient characteristics, with a haemoglobin of <9 g/dl commonly used.*® After administration
of one unit of RBCs, Hb rises by 1 g /dl and the life span of transfused RBC is 100-110
days. Complications related to RBCT are procedural problems, iron overload, viral and

bacterial infections, and immune injury.>®

2.4.2. Erythropoetin stimulating agents

Erythropoietin is an acidic glycoprotein hormone. Approximately 90% of the hormone is
synthesised in the kidney and 10% in the liver and is responsible for regulating red blood cell

production. Erythropoietin for clinical use is produced by recombinant DNA technology.**

Exogenously administered erythropoietin is used to shorten the period of symptomatic
anaemia in patients receiving cytotoxic chemotherapy. It is used in addition to, rather than a
complete replacement of the existing treatments. Blood transfusion, in particular, may still be

needed.®

2.4.2.1. Marketing authorisations: Hb levels

Initially all ESAs were recommended for use at Hb level <11 g/dl, with target Hb levels not
exceeding 13 g/dl. However, because of data showing a consistent, unexplained, excess
mortality in cancer patients with anaemia treated with ESAs, a safety review of all available
data on ESA treatment of patients with cancer treatment-induced anaemia was conducted
by the Pharmacovigilance Working Party at the request of the Committee for Medicinal
Products for Human Use (CHMP) in 2008. As a result of this safety review, the European
Medicines Agency (EMA) requested that the Summary of Product Characteristics (SmPCs)
for all ESAs were changed to highlight that ESAs should only be used if anaemia is
associated with symptoms; to establish a uniform target Hb range for all ESAs; to mention
the observed negative benefit risk balance in patients treated with high target haemoglobin
concentrations; and, to include the relevant results of the trials triggering the safety review.

SPCs for all ESAs were therefore revised in 2008 to decrease the Hb value for treatment
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initiation to Hb <10 g/dl and to amend Hb treatment target values to 10—-12 g/dl and Hb levels
for stopping treatment to >13 g/dl.

The EMA labels the use of ESAs as follows:

¢ In patients treated with chemotherapy and an Hb level of <10 g/dl, treatment with
ESAs might be considered to increase Hb to <2 g/dl or to prevent further decline in
Hb.

¢ In patients not treated with chemotherapy, there is no indication for the use of ESAs
and there might be increased risk of deaths when ESAs are administered to a target
Hb of 12—14 g/dI.

¢ In patients with curative intent, ESAs should be used with caution.

Table 2. Changes to marketing authorisations

Pre-2008 2008 onwards
e An Hb level of €11 g/dl, administered to a ¢ In patients treated with chemotherapy and an
target Hb level <13 g/dl Hb level of =10 g/dl, treatment with ESAs

might be considered to increase Hb to <2 g/dl
or to prevent further decline in Hb.

¢ |n patients not treated with chemotherapy,
there is no indication for the use of ESAs and
there might be increased risk of deaths when
ESAs are administered to a target Hb of 12—
14 g/dl.

¢ In patients with curative intent, ESAs should
be used with caution.

Key: ESAs, erythropoiesis stimulating agents; Hb, haemoglobin

These changes to the licence (Table 2) were introduced subsequent to the previous NICE

appraisal.

Details of current licence recommendations are summarised in Table 3.
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Table 3.Treatment recommendations according to licence

CONFIDENTIAL

Epoetin alfa
Epoetin zeta

Epoetin beta

Epoetin theta

Darbepoetin alfa

Manufacturer Janssen-Cilag (Eprex®)™ Roche Products (Neorecormon®)*® | Teva UK (Eporatio®)™ Amgen Ltd (Aranesp®)™
(Product) Sandoz Ltd (Binocrit®)*

Hospira UK (Retacrit®)*’
Marketing Treatment of anaemia reduction of RBCT requirements in adults receiving | Treatment of symptomatic anaemia in adults with non-myeloid

authorisation

chemotherapy for solid tumours, malignant lymphoma, or multiple
myeloma, who are at risk of transfusion as assessed by their general
status (e.g. cardiovascular status, pre-existing anaemia at the start of

malignancies receiving chemotherapy

chemotherapy
Start Hb level <10 g/dl <10 g/dl <10 g/dl <10 g/l
Target Hb level 10-12 g/dI 10-12 g/dl 10-12 g/dl 10-12 g/dI
Initial treatment 150 IU/kg SC TIW 150 IU/kg SC TIW 20,000 IU/QW 2.25 ug/kg SC QW

450 IU/kg SC QW

450 IU/kg SC QW

500 pg (6.75 pg/kg) SC Q3W

Dose increase

4 wks Hb increase <1 g/dl &
reticulocyte increase = 40 000
cells/ul dose is doubled 300 IU/kg
TIW or 900 IU/kg QW

300 1U/kg SC TIW

4 wks Hb increase <1 g/dl dose is
doubled 40,000 IU/QW,; if Hb
increase insufficient at 8 wks
increase to 60,000 lU/QW

4 wks Hb increase <1 g/dl dose is
doubled 4.5 pg/kg SC QW

Dose reduction

If Hb increase 22 g/dl: 25-50%
If Hb >12 g/dl: 25-50%

If Hb increase 22 g/dl: 25-50%
If Hb =12 g/dl: 25-50%

Dose withholding

If Hb >13 g/dl until 12g/dl reinitiate at 25% lower dose

Hb >12 g/dI: should be avoided;
12 wks Hb increase <1 g/dl:
discontinue

If Hb >13 g/dl until 12g/dl reinitiate
at 25% lower dose

Key: Hb, haemoglobin; IU, international units; QW, once weekly; Q3W, once every three weeks; RBCT, red blood cell transfusion; SC, subcutaneous; TIW, thrice weekly; UK, United Kingdom;

wks, weeks
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2.4.2.2. Current service provision

NICE guidance (Technology Appraisal [TA] 142)* currently recommends ESAs in

combination with intravenous iron as an option for:

¢ the management of cancer treatment-induced anaemia in women receiving
platinum-based chemotherapy for ovarian cancer who have symptomatic
anaemia with a haemoglobin level of 8 g/dl or lower. The use of ESAs does not
preclude the use of existing approaches to the management of anaemia,

including blood transfusion where necessary.>

e people who cannot be given blood transfusions and who have profound cancer

treatment-related anaemia that is likely to have an impact on survival.®*

¢ Where indicated the ESA used should be the one with the lowest acquisition

cost.®*

2.5. Description of technology under assessment

Several short- and long-acting erythropoiesis stimulating agents (ESAs) are available
including epoetin alfa, epoetin beta and darbepoetin beta. Since the last appraisal (2004), an
additional two ESAs have become available: epoetin theta and epoetin zeta; the latter is
referenced to epoetin alfa. All are administered by subcutaneous injection. This technology
assessment report (TAR) will consider six pharmaceutical interventions: epoetin alfa
(Eprex® [Janssen-Cilag], Binocrit® [Sandoz]), epoetin beta (NeoRecormon® [Roche
Products]), epoetin theta (Eporatio® [Teva UK]), epoetin zeta (Retacrit® [Hospira UK]), and
darbepoetin alfa (Aranesp® [Amgen]).>* Treatment recommendations according to licence

are summarised for each in Table 3.

This NICE appraisal focuses on the treatment of cancer treatment-induced anaemia. As
such the appraisal does not cover all aspects of the licensed indications such as the

prevention of anaemia, or the treatment of symptomatic anaemia due to chronic renal failure.
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2.6. Clinical guidelines

2.6.1. EORTC

In Europe, treatment guidelines for cancer treatment induced anaemia have been formulated
by the European Organisation for Research and Treatment of Cancer (EORTC), which most
recently updated their recommendations on the use of ESAs in September 2007.*' In 2010,
joint treatment guidelines were issued by American Society of Clinical Oncology/American
Society of Hematology (ASCO/ASH).*?

The EORTC guidelines recommend that patients whose Hb level is <9 g/dl should be
assessed for the need for RBCT, in addition to ESAs.*' The joint ASCO/ASH guidelines
suggest that RBCT is also an option for patients with CIA and Hb <10 g/dl, depending on the
severity of the anaemia or clinical circumstances, and may also be warranted by clinical
conditions in patients with Hb =10 g/dl but <12 g/dI.*?

Recommendations for ESA therapy for CIA are broadly similar between the EORTC
guidelines and those of the 2010 joint American Society of Clinical Oncology/American
Society of Hematology (ASCO/ASH) guidelines, with small differences in the threshold for

initiation of ESA therapy and variation in the wording related to Hb levels.*"*?

The EORTC guidelines*' emphasize that reducing the need for RBC transfusions is a major
goal of therapy in anaemic cancer patients, and highlight that ESAs can achieve a sustained
increase in Hb level, unlike intermittent transfusions.*' The guidelines also state there is no
evidence that oral iron supplements increase response to erythropoietic proteins, although

there is evidence of a better response to erythropoietic proteins with 1V iron.

2.6.2. British Columbia Cancer Agency

The British Columbia Cancer Agency (BCCA) guidelines recommend treatment with ESAs
for the treatment of CIA when Hb level is 10 g/dl and there is a minimum of two months

planned chemotherapy.*’

The guidelines also state that the benefits of treatment must be weighed against the possible
risks for individual patients: ESAs may increase the risk of death, serious cardiovascular
events, thromboembolic events, and stroke; and, ESAs may shorten survival and/or increase

the risk of tumour progression or recurrence, as shown in clinical trials in patients with
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breast, head and neck, lymphoid, cervical non-small cell lung cancers and patients with

active malignancies who are not treated with either chemotherapy or radiotherapy.*’

2.7. Existing evidence

2.7.1. Existing systematic reviews of effectiveness

There have been a number of well-conducted systematic reviews evaluating the effects of
ESAs for treating CIA in cancer patients. We identified 11 systematic reviews (reported in 14
publications) that fulfilled the definition of a systematic review pre-specified in the protocol; a
summary of eligible systematic reviews and a quality assessment (versus PRISMA

statement) are in Appendix |.

2.7.1.1. Cochrane review (Tonia and colleagus, 2012)

The Cochrane review by Tonia and colleagues (2012) was the most recent and
authoritative. The Cochrane review’s conclusions were: “ESAs reduce the need for RBCTs
but increase the risk for thromboembolic events and deaths. There is suggestive evidence
that ESAs may improve QoL. Whether and how ESAs affect tumour control remains
uncertain. The increased risk of death and thromboembolic events should be balanced
against the potential benefits of ESA treatment taking into account each patient’s clinical
circumstances and preferences. More data are needed for the effect of these drugs on
quality of life and tumour progression. Further research is needed to clarify cellular and
molecular mechanisms and pathways of the effects of ESAs on thrombogenesis and their

potential effects on tumour growth.” (Tonia and colleagues, 2012; page 2).

This was an update of a Cochrane review first published in 2004 (Bohlius and colleagues,
2004). Searches were conducted in CENTRAL, EMBASE, MEDLINE and other databases.
Searches were done for the periods January 1985 to December 2001 for the first review,
January 2002 to April 2005 for the first update, and to November 2011 for the most recent
update. The authors of the review also contacted experts in the field and pharmaceutical
companies (access to individual patient data [IPD]). Inclusion, quality assessment and data
abstraction were undertaken in duplicate by several reviewers. Eligibility criteria are detailed
and compared with the PenTAG review in Table 4. The Cochrane review differed from the

PenTAG review in respect of population (cancer related anaemia vs chemotherapy induced

46
Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG CONFIDENTIAL

anaemia), and intervention (all ESAs irrespective of licence vs ESAs within licence (defined

based on start dose).

Table 4. Differences between Tonia and colleagues (2012) and PenTAG systematic
reviews

Tonia and colleagues, 2012 Current systematic review, 2013

Population Patients diagnosed with malignant Patients had to be receiving
disease (using clinical and chemotherapy for solid tumours,
histological/cytological criteria), and at malignant lymphoma, multiple myeloma,
risk of transfusion as assessed by the or non-myeloid malignancies, and at risk
patient’s general status (e.g. of transfusion as assessed by the
cardiovascular status, pre-existing patient’s general status (e.g.
anaemia at the start of chemotherapy). cardiovascular status, pre-existing
Excluded trials where >80% of anaemia at the start of chemotherapy)
participants were diagnosed with an
acute leukaemia
Intervention ESAs to prevent or reduce anaemia, ESAs® to prevent or reduce anaemia,
given singly or concomitantly with given concomitantly with chemotherapy
chemotherapy, radiotherapy, or
combination therapy
Dose: included studies or study arms Dose: licensed indication, defined by
with low doses start dose even if they did not align with
other criteria specified by the licence
Comparator Placebo or ‘no treatment’ was not Placebo; standard care, no
required for inclusion but was considered | treatment/usual care
in evaluating study quality
Outcomes HaemR®; Hb change; RBCT; RBC units; | HaemR®; Hb change; RBCT; RBC units;
OS; mortality; tumour response (CR); OS; tumour response (CR); AEs; HRQoL
AEs; HRQoL
Study design | RCTs RCTs; SRs of RCTs*®
Key: AEs, adverse events; CR, complete response; ESAs, erythropoiesis stimulating agents; Hb, haemoglobin;
OS, overall survival; RBC, red blood cell; RBCT red blood cell transfusion; RCTs, randomized controlled trials;
SRs, systematic review
Notes: (a) Specifically epoetin alfa, beta, theta, zeta; darbepoetin alfa; (b) Defined as an increase in Hb level of
=2 g/dL, or an increase in haematocrit of 26% points; (c) Used for scrutinisation of bibliographies and comparison
of results

A total of 91 studies with 20,102 participants were included in this review. Results from the

Cochrane review are summarised in Table 5 and compared with the results of the PenTAG

HTA review throughout Section 0 (page 56).

Table 5. Results: Cochrane review (Tonia and colleagues, 2012)

Anaemia-related outcomes

Hb change® HaemR" RBCT Units transfused
WMD 1.57 RR 3.39 RR 0.65 WMD -0.98
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95% Cl 1.51-1.62
X hey; 564.37; df 74
(p<0.001)

75 trials, n=11,609

95% CI 3.10-3.71
X hety; 95.56; df 45
(p<0.001)

46 trials, n=6,413

95% Cl 0.62-0.68
X et 217.08; df 87
(p<0.001)

88 trials, n=16,093

CONFIDENTIAL

95% Cl -1.17--0.78
X ety 34.52; df 24
(p=0.080)

25 trials, n=4,715

Malignancy-related outcomes

Tumour response Overall survival Mortality

RR 1.02 HR 1.05

95% Cl 0.98-1.06 95% CI1 1.00-1.11

X2 (het) 16.10; df 18 X ety 95.40; df 75

(p=0.59) (p=0.060)

19 trials, n=5,012 80 trials, n=19,003

Safety-related outcomes

Thromboembolic | Hypertension Thrombocytopen | Seizures Pruritus
events ia/haemoorhage

RR 1.52 RR 1.30 RR 1.21 RR 0.77 RR 1.49
95% Cl 1.34-1.74 | 95% C1 1.08-1.56 | 95% Cl 1.04-1.42 | 95% Cl 0.42-1.41 | 95% CI1 0.99-2.24

X ety 34.99; df 55
(p=0.980)
60 trials, n=15,498

X et 26.87; df 34

(p=0.
35 trials, n=7,006

800) (p=0.800)

X ety 14.50; df 20

21 trials, n=4,220

X ety 6.19; df 6
(p=0.400)
7 trials, n=2,790

X ety 13.18; df 15
(p=0.590)
16 trials, n=4,346

FACT-F 13 item
(score 0-52)

Any subgroup effect

Health related quality of life related outcomes

MD 2.08

95% Cl 1.43, 2.72
X ety36.48; df 17

(p=0.004)

18 trials, n=4,965

Yes: imputed vs. non-
imputed data, baseline
Hb level, type of anti-
cancer therapy,
duration of ESA
treatment and ITT
analysis.

Key: ClI, confidence interval; df, degrees of freedom; haemR, haematological response; het, heterogeneity;
RBCT, red blood cell transfusion; RR, relative risk; WMD, weighted mean difference
Notes: fixed effects (Mantel-Haenzel) a change from baseline to end of study; b haematological response

was defined as the proportion of participants with an increase in Hb level of two g/dl or more, or as an increase
in haematocrit of six percentage points or more.

2.7.1.2.
and col

Another Cochrane review (Bohlius and colleagues, 2009) examined the effect of ESAs and

leagues, 2009)

Cochrane review: meta-analysis based on IPD data (Bohlius

identified factors that modify the effects of ESAs on overall survival, progression free

survival, thromboembolic and cardiovascular events as well as the need for transfusions and

other important safety and efficacy outcomes in cancer patients. It concluded: ‘ESA

treatment in cancer patients increased on study mortality and worsened overall survival. For

patients undergoing chemotherapy the increase was less pronounced, but an adverse effect

could not be excluded.” (Bohlius and colleagues, 2009).
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The review was conducted in 2009. Searches were conducted in the Cochrane Library,
MEDLINE, EMBASE, and conference proceedings for eligible trials, and manufacturers of
ESAs were contacted to identify additional trials. The review included randomised controlled
trials comparing ESAs plus RBCT (as necessary) versus RBCT (as necessary) alone, to
prevent or treat anaemia in adult or pediatric cancer patients with or without concurrent
antineoplastic therapy.Inclusion, quality assessment and data abstraction were undertaken
in duplicate by several reviewers. A meta-analysis of RCTs was conducted and patient level

data were obtained and analysed by independent statisticians.

A total of 13,933 cancer patients from 53 trials were analysed, 1,530 patients died on-study
and 4,993 overall. ESAs increased on-study mortality (combined hazard ratio [cHR] 1.17;
95% CI 1.06-1.30) and worsened overall survival (cHR 1.06; 95% CI 1.00-1.12), with little
heterogeneity between trials (12 0%, p=0.87 and 12 7.1%, p=0.33, respectively). Thirty-eight
trials enrolled 10,441 patients receiving chemotherapy. The cHR for on-study mortality was
1.10 (95% CI1 0.98-1.24) and 1.04; 95% CI 0.97-1.11) for overall survival. There was little
evidence for a difference between trials of patients receiving different cancer treatments (p

for interaction=0.42).

Table 6. Results: Cochrane review (Bohlius and colleagues, 2009)

Malignancy-related outcomes

Overall survival On-study mortality
cHR 1.04 cHR 1.10

95% Cl 0.97-1.11 95% Cl1 0.98-1.24
38 trials; n=10,441 38 trials; n=10,441

Key: cHR, combined hazard ratio; Cl, confidence interval

2.7.1.3. Previous HTA review (Wilson and colleagues, 2007)

The previous HTA (Wilson and colleagues, 2007) informed National Institute for Health and
Care Excellence (NICE) guidance TA142." It assessed the effectiveness and cost-
effectiveness of epoetin alfa, epoetin beta and darbepoetin alfa in anaemia associated with
cancer, especially that attributable to cancer treatment. The review concluded: “Epo is
effective in improving haematological response and RBCT requirements, and appears to
have a positive effect on health-related quality of life (HRQoL). The incidence of side-effects
and effects on survival remains highly uncertain. If there is no impact on survival, it seems
highly unlikely that epo would be considered a cost-effective use of healthcare resources.”

(Wilson and colleagues, 2007; page x).
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Using the Cochrane review published in 2004 as the start point Wilson and colleagues
(2007) conducted a systematic review of randomised controlled trials (RCTs) comparing
ESAs with standard care was conducted. MEDLINE, EMBASE, the Cochrane Library and
other databases were searched from 2000 (1996 in the case of darbepoetin alfa) to
September 2004. Inclusion, quality assessment and data abstraction were undertaken in
duplicate. Eligibility criteria are detailed and compared with the PenTAG review in Table 7.
Where possible, meta-analysis was employed. The economic assessment consisted of a
systematic review of past economic evaluations, an assessment of economic models
submitted by the manufacturers of the three ESAs and development of a new individual

sampling model (see Section 6.1.1., page 203).

Table 7. Differences between Wilson and colleagues (2007) and PenTAG systematic
reviews

Wilson and colleagues, 2007 Current systematic review, 2013

Population Patients diagnosed with malignant Patients had to be receiving
disease (using clinical and chemotherapy for solid tumours,
histological/cytological criteria), and at malignant lymphoma, multiple myeloma,
risk of transfusion as assessed by the or non-myeloid malignancies, and at risk
patient’s general status (e.g. of transfusion as assessed by the
cardiovascular status, pre-existing patient’s general status (e.g.
anaemia at the start of chemotherapy) cardiovascular status, pre-existing
anaemia at the start of chemotherapy)
Intervention ESAs to prevent or reduce anaemia, ESAs® to prevent or reduce anaemia,
given singly or concomitantly with given concomitantly with chemotherapy

chemotherapy, radiotherapy, or
combination therapy

Dose: included studies or study arms Dose: licensed indication, defined by
with low doses start dose even if they did not align with
other criteria specified by the licence
Comparator Placebo or ‘no treatment’ was not Placebo; standard care, no

required for inclusion but was considered | treatment/usual care
in evaluating study quality
Outcomes HaemR®; Hb change; RBCT; RBC units; | HaemR®; Hb change; RBCT; RBC units;

OS; mortality; tumour response (CR); OS; tumour response (CR); AEs; HRQoL
AEs; HRQoL
Study design | RCTs RCTs; SRs of RCTs*®

Key: AEs, adverse events; CR, complete response; ESAs, erythropoiesis stimulating agents; Hb, haemoglobin;
OS, overall survival; RBC, red blood cell; RBCT red blood cell transfusion; RCTs, randomized controlled trials;
SRs, systematic review

Notes: (a) Specifically epoetin alfa, beta; darbepoetin alfa; (b) Defined as an increase in Hb level of 22 g/dL, or
an increase in haematocrit of 26% points; (¢) Used for scrutinisation of bibliographies and comparison of results

A total of 46 RCTs were included in the previous HTA review (Wilson and colleagues,
2007), 27 of which had been included in the Cochrane review (Bohlius and colleagues,
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2004). All 46 studies compared ESA plus supportive care for anaemia (including

transfusions) with supportive care for anaemia (including transfusions alone). Outcomes

assessed with anaemia-related outcomes (haematological response [haemR], haemoglobin

(Hb) change, RBCT requirements, malignancy —related outcomes (tumour response and

overall survival [OS]), health-related quality of life (HRQoL), and adverse events (AEs).

Results from the previous HTA review (Wilson and colleagues, 2007) are compared with

the results of the PenTAG HTA throughout Section 0 (page 56).

Table 8. Results: Wilson and colleagues, 2007’

Hb change® HaemR® ‘ RBCT ‘ Units transfused
Anaemia-related outcomes
WMD 1.63 RR 3.40 RR 0.63 WMD -1.05

95% Cl 1.46-1.80
X ety 23.74; df 19

95% Cl 3.01-3.83
X ety 23.60; df 32

95% Cl 0.58-0.67
X ety 94.75; df 48

95% Cl -1.32--0.78
X ety 8.96; df 16

(p=0.21) (p=0.86) (p=0.001) (p=0.91)

10 trials, n=1,620 21 trials, n=3,740 35 trials, n=5,564 14 trials, n=2,353
Tumour response Overall survival Mortality

Malignancy-related outcomes

RR 1.31 HR 1.03 NR

95% Cl 1.08-1.60
X2 ey NR; df NR (p=NR)
9 trials, n=1,260

95% Cl1 0.92-1.16
X ey 37.74; df 27
(p=0.08)

28 trials, n=5,308

Safety-related outcomes

No safety related meta-analysis

FACT-F 13 item
(score 0-52)

Any subgroup effect

Health related quality of life related outcomes

No HRQoL meta-analyses

Key: Cl, confidence interval; df, degrees of freedom; haemR, haematological response; het, heterogeneity;
RBCT, red blood cell transfusion; RR, relative risk; WMD, weighted mean difference

Notes: fixed effects (Mantel-Haenzel) a change from baseline to end of study; b haematological response
was defined as the proportion of participants with an increase in Hb level of two g/dl or more, or as an increase
in haematocrit of six percentage points or more.

KEY POINTS

e Anaemia is defined as a deficiency in red blood cells. It is the most frequent
haematological manifestation in patients with cancer; more than 50% of all cancer
patients will be anaemic regardless of the treatment received, and approximately
20% of all patients undergoing chemotherapy will require red blood cell transfusion.
The cause is multifactorial; patient-, disease-, or treatment-related.

e Anaemia is associated with many symptoms, all of which affect quality of life. These
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symptoms include dizziness, shortness of breath on exertion, palpitations, headache
and depression. Severe fatigue is probably the most commonly reported symptom
and can lead to an inability to perform everyday tasks. However, fatigue in people
with cancer can also have other causes; e.g. the disease itself, chemotherapy,
radiotherapy, anxiety or depression.

e Many people are anaemic when cancer is diagnosed, before any cancer treatment
starts. The degree of anaemia caused by treatments such as chemotherapy often
fluctuates depending on the nature of the treatment and the number of courses
administered, but is typically at its worst 2—4 weeks after chemotherapy is given.
Once cancer treatments are stopped, a period of 'normalisation’ is likely, during
which the haemoglobin may return to pretreatment levels.

e Options available for the management of cancer treatment-induced anaemia include
adjustments to the cancer treatment regimen, iron supplementation and blood
transfusion. The majority of people who become anaemic do not receive any
treatment for their anaemia, but those who become moderately or severely anaemic
are usually given blood transfusions. Complications related to red blood cell
transfusion include procedural problems, iron overload, viral and bacterial infectios,
and immune injury.

e Current evidence suggests that ESAs reduce the need for RBCT but increase the
risk for thromboembolic events and deaths. There is suggestive evidence that ESAs
may improve quality of life. Whether and how ESAs affect tumour control remains
uncertain.

e Current NICE guidance (TA142) recommends: the management of cancer treatment-
induced anaemia in women receiving platinum-based chemotherapy for ovarian
cancer who have symptomatic anaemia with a haemoglobin level of 8 g/dl or lower.
The use of ESAs does not preclude the use of existing approaches to the
management of anaemia, including blood transfusion where necessary; and, in
people who cannot be given blood transfusions and who have profound cancer
treatment-related anaemia that is likely to have an impact on survival.
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Definition of the decision problem

3.1. Decision problem

The purpose of this assessment is to review and update as necessary guidance to the NHS
in England and Wales on the clinical and cost-effectiveness of erythropoiesis-stimulating
agents: epoetin alfa (Eprex® [Janssen-Cilag], Binocrit® [Sandoz]), epoetin beta
(NeoRecormon® [Roche Products]), epoetin theta (Eporatio® [Teva UK]), epoetin zeta
(Retacrit® [Hospira UK]), and darbepoetin alfa (Aranesp® [Amgen]), within their licensed

indications for the treatment of cancer-treatment induced anaemia.

The project was undertaken based on a published scope,*? and in accordance with a
predefined protocol (see Appendix A). There were no major departures from this protocol.
The protocol stated that interventions would be evaluated in line with their UK marketing
authorisations. However, as none of the included studies were completely aligned with
current licences we applied a definition of ‘within licence’ which was not pre-defined. Given
the recent publication of the 2012 Cochrane review (Tonia and colleagues, 2012) which
considered all ESAs irrespective of licence, ‘within licence’ was therefore defined as a

licensed starting dose irrespective of how other licence criteria were dealt with.

3.2. Population

The population will be people receiving chemotherapy for solid tumours, malignant
lymphoma or multiple myeloma, and people with non-myeloid malignancies at risk of
transfusion as assessed by general status (e.g. cardiovascular status, pre-existing anaemia

at the start of chemotherapy).

Haematological malignancy specifically refers to non-myeloid malignancy (chronic
lymphocytic leukaemia; non Hodgkin’s lymphoma; Hodgkin’s disease and multiple

myeloma).

3.3. Interventions

The interventions considered are erythropoiesis-stimulating agents: epoetin alfa (Eprex®,
[Janssen-Cilag] and Binocrit® [Sandoz]); epoetin beta (NeoRecormon®, Roche Products);

epoetin theta (Eporatio® [Teva UK]); epoetin zeta (Retacrit® [Hospira UK]) Darbepoietin alfa
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(Aranesp® [Amgen]). All interventions will only be considered according to their UK

marketing authorisation (Section 4.1.2.3, page 59).

3.4. Comparators

The following comparators will be considered:

e Best supportive care (including adjustment to the cancer treatment regimen, blood

transfusion and iron supplementation)

e One of the other interventions under consideration; provided in line with their marketing

authorisations

3.5. Outcomes

Evidence in relation to the following kinds of outcomes will be considered:

e haematological response to treatment: defined as a transfusion free increase of Hb of

22 g dI-1 or a haematocrit increase of 6%

e need for blood transfusion after treatment: number of patients transfused, number of
units transfused per patient, and number of patients transfused per patient per four

weeks
e tumour response: time to cancer progression
e overall survival

e adverse effects of treatment: hypertension, rash/irritation, pruritus, mortality,
thromboembolic events, seizure, haemorrhage / thrombocytopenia, fatigue, pure red cell

aplasia. A note will be made of other adverse events described within the trial reports

e health-related quality of life: validated quality of life measures; e.g. FACT (FACT-
General, FACT-Fatigue, FACT-Anaemia), EQ-5D, SF-36
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3.6. Research question

This assessment will address the question: “What is the effectiveness and cost-effectiveness
of ESAs (epoetin alfa, beta, theta and zeta; and, darbepoetin alfa) for treating cancer-

treatment induced anaemia (including review of TA142)?”
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Assessment of clinical effectiveness

The review commissioned by the National Institute for Health and Care Excellence (NICE)
was to update the previous guidance (TA142)* based on the health technology assessment
(HTA) review conducted by Wilson and colleagues (2007)." The differences between the
remit of the previous review and the current one are discussed in Section 2.7.1.2 (page 48).
The project was undertaken in accordance with a predefined protocol (see Appendix A).
There were no major departures from this protocol. The protocol stated that interventions
would be evaluated in line with their UK marketing authorisations. However, as none of the
included studies were completely aligned with current licences we applied a definition of
‘within licence’ which was not pre-defined. Given the recent publication of the 2012
Cochrane review (Tonia and colleagues, 2012) which considered all ESAs irrespective of
licence, ‘within licence’ was therefore defined as a licensed starting dose irrespective of how

other licence criteria were dealt with.

A scoping search was undertaken to identify existing reviews and other background material.
Among this literature two recent Cochrane reviews were identified (Bohlius and

10,43

colleagues, 2009 and Tonia and colleagues, 2012), which assessed the effectiveness

of erythropoiesis stimulating agents up to 2010 and 2012 respectively.

The aim was to systematically review the effectiveness of ESAs, with regard to treating
cancer treatment-related anaemia, its effects on the patient regarding underlying malignancy
and survival, its effectiveness in improving quality of life and the impact of adverse events.
Given the recent publication of the Cochrane review (Tonia and colleagues, 2012), the
focus for this review was to identify and consider trials where ESAs have been used in a
manner consistent with or closest to their respective marketing authorisations (see Section
4.1.2.3.1, page 60).

4.1. Methods

4.1.1. ldentification of studies

The search strategy is based on the strategy used in the previous MTA on this topic by
Wilson and colleagues (2007)." It combines free-text and MeSH terms for epoetin (generic
and brand names), cancer and anaemia using the AND Boolean operator. Search filters are
applied to retrieve RCTs, cost effectiveness studies and quality of life studies. The search

terms and structure of the search is mainly the same as in Wilson and colleagues (2007),’
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with additional search terms for epoetin theta, epoetin zeta and corresponding drug brand
names. The search filters for RCTs, cost effectiveness studies and quality of life (QoL)
studies are different to those used in Wilson and colleagues (2007)." The filters were
developed by an information specialist to ensure an appropriate balance of sensitivity and
specificity. Changes to the previous MTA search strategy, including the filters, were made in
MEDLINE and translated as appropriate for other databases. The MEDLINE RCT search
strategy was checked by a clinical expert for inaccuracies and omissions relating to drug and

cancer terms.

The databases were searched from the search end-date of the previous MTA on this topic
(Wilson and colleagues [2007]," search end-date: 2004). Although epoetin alfa (Binocrit®
[Sandoz]), epoetin theta and epoetin zeta were not covered in the previous report, we
believe that relevant interventional research is highly unlikely to have been published on
these drugs prior to this date, given that the drugs were launched in 2007 (epoetin alfa
[Binocrit®, Sandoz]) and 2009 (epoetin theta). All searches were also limited to English
language papers; although some foreign language papers would have been identified by

virtue of being included in other systematic reviews.

The following databases were searched: MEDLINE (Ovid); MEDLINE-in-Process (Ovid);
EMBASE (Ovid); the Cochrane Library including CENTRAL, the Cochrane Database of
Systematic Reviews, DARE, HTA, NHS EED and HEED; Web of Science (Thomson
Reuters); CINAHL (EBSCO); British Nursing Index (ProQuest); HMIC (Ovid); Current
Controlled Trials; Clinical Trials.gov; FDA website; EMA website.

In addition, the following websites were searched for background information:

Medical societies

British Society for Haematology http://www.b-s-h.org.uk/
The Association of Cancer Physicians http://www.cancerphysicians.org.uk/
American Society of Hematology http://www.hematology.org/
American Society of Clinical Oncology http://www.asco.org/
The Canadian Oncology Societies http://www.cos.ca/
Haematology Society of Australia and New Zealand http://www.hsanz.org.au/
Clinical Oncology Society of Australia http://www.cosa.org.au/
New Zealand Society for Oncology http://www.nzsoncology.org.nz/
UK charities
Cancer Research UK http://www.cancerresearchuk.org/home/
Macmillan http://www.macmillan.org.uk/
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Marie Curie http://www.mariecurie.org.uk/
Non-UK charities

American Cancer Society http://www.cancer.org/
Canadian Cancer Society http://www.cancer.ca/
Cancer Council Australia http://www.cancer.org.au/
Cancer Society of New Zealand http://www.cancernz.org.nz/
World Cancer Research Fund http://www.wcrf-uk.org/

The database search results were exported to, and de-duplicated using Endnote (X5).De-
duplication was also performed using manual checking. The search strategies and the
numbers retrieved for each database are detailed in Appendix B. After the reviewers
completed the screening process, the bibliographies of included papers were scrutinised for

further potentially includable studies.

A supplementary search was carried out in MEDLINE (Ovid) to search for utilities as a
function of Hb levels and for information on Hb levels after chemotherapy ends. A systematic
search was not required for this part of the review so the search strategy was limited to
MEDLINE. These searches are detailed in Appendix B.

4.1.1.1. Wilson and colleagues, 2007

Studies included in the previous HTA review (Wilson and colleagues, 2007)"' were

screened versus the inclusion criteria for the PenTAG review for includable studies.

4.1.1.2. Reference lists

Reference lists of included guidelines, systematic reviews, and clinical trials were scrutinised

for additional information.

4.1.1.3. Ongoing trials

A search for ongoing trials was also undertaken. Terms for the intervention (“epoetin” OR
“darbepoetin”) and condition of interest (cancer* OR carcinoma* OR leukemia OR malignan®
OR neoplasm* OR tumo?r OR myelo* OR lymphoma* OR oncolog* OR chemotherapy*)
were used to search the following trial registers: ClinicalTrials.gov and Controlled Trials
(ISRCTN) for ongoing trials. Trials that did not relate to cancer-induced or chemotherapy-

related anaemia were removed by hand-sorting. Finally, duplicates, identified via their study

58
Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG CONFIDENTIAL

identification numbers where possible, were removed. Searches were carried out on 28
August 2013.

4.1.2. Eligibility criteria

4.1.2.1. Study design

Only randomised controlled trials (RCTs) were included. Non-randomised trials and quasi-
randomised trials (such as where allocation is based on date of birth or day of month) were

excluded.

4.1.2.2. Population

People had to be receiving chemotherapy for solid tumours, malignant lymphoma, or
multiple myeloma (and people with non-myeloid malignancies), at risk of transfusion as
assessed by general status (e.g. cardiovascular status, pre-existing anaemia at the start of
chemotherapy), and non-myeloid malignancies. There were no age restrictions; however, it
is recognised that the licenses for all the interventions of interest do not cover erythropoietin
use in children for this indication. Studies where erythropoietin was given in the context of
myeloablative chemotherapy ahead of bone marrow or peripheral blood stem cell
transplantation, or for short-term preoperative treatment to correct anaemia or to support

collection of autologous blood before cancer surgery, were excluded.

4.1.2.3. Interventions

Studies evaluating the use of erythropoiesis stimulating agents (ESAs) were included if given
to treat cancer treatment-induced anaemia. The ESAs of interest for this appraisal were:
epoetin alfa (Eprex®, Janssen-Cilag; Binocrit®, Sandoz ), epoetin beta (NeoRecormen®,
Roche Products), Epoetin theta (Eporatio®, Teva UK), epoetin zeta (Retacrit®, Hospira UK),

or darbepoetin alfa (Aranesp®, Amgen).

Concomitant anaemia therapy such as iron or granulocyte colony-stimulating factor (G-CSF)
supplementation was permitted, as was red blood cell transfusion (RBCT). However, G-CSF

had to be administered to patients in both the treatment and control arms.

59
Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG CONFIDENTIAL

4.1.2.3.1. Dose

ESA administration varied considerably among the published literature. Variation with
respect to: Hb levels (trigger [the point below which ESAs should be administered, <10.0
g/dl]; and, targeted [the point above which ESAs should be stopped or titrated, 10-12 g/dl]);
dose escalation (used if people do not achieve a haematological response within a specified
time period); abandonment for persistent non-responders; and, duration of use following
each chemotherapy session. The majority (82%) of studies were initiated before the 2008
update of the Summary of Products Characteristics (SPCs) and no studies were completely
aligned with the UK marketing authorisation for these drugs in respect of these criteria (see
Appendix C).

For the main analysis for this systematic review, studies were considered eligible for
inclusion if they used a licensed start dose regardless of how they dealt with other criteria
stipulated by the license. Thus, ESAs administered weekly, for epoetin alfa and epoetin zeta
to be administered three-times weekly, for epoetin beta to be administered three to seven
times per week; and, for darbepoetin alfa to be administered every three weeks. Fixed
(epoetin theta) and weight-based (epoetin alfa, epoetin beta, epoetin zeta, and darbepoetin

alfa) dosages were allowed.

In addition we also considered inclusion Hb criteria as closer to licence <11 g/dl and >11

g/dl; and target Hb as closer to licence <13 g/dl and >13 g/dl.

4.1.2.4. Comparator

The main comparators of interest were: placebo, best supportive care (including adjustment
to the cancer treatment regimen, blood transfusion, and iron supplementation). In addition,
the comparator could be one of the other ESAs under consideration, provided it was

administered in line with the relevant marketing authorisations.

4.1.2.5. Ovutcomes

Outcomes sought from the studies fell into four categories: anaemia-related outcomes,
malignancy-related outcomes, adverse events data and patient-specific outcomes such as

quality of life outcomes and patient’s preferences.

¢ Anaemia-related outcomes: haematological response to treatment (defined as a
transfusion free increase of haemoglobin (Hb) of 22 g/dL or a haematocrit increase
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(Hct) increase of 6%), mean Hb change, and RBCT requirements (including number
of patients transfused, number of units transfused per patient, and number of units
transfused per average patient (i.e. including participants not requiring transfusion).

e Malignancy-related outcomes: tumour response, and overall survival (OS)

o Adverse events (AEs): hypertension, rash/irritation, pruritus, mortality,
thromboembolic events, seizure, haemorrhage/thrombocytopenia, fatigue, and pure
red cell aplasia. A note was made of other adverse events described within the trial.

¢ Health-related quality of life (HRQoL): data on validated quality of life (QoL)
measures was sought, anticipated quality of life measures would include FACT
(including FACT-General (G), FACT-Fatigue (F), and FACT-Anaemia (A)). A note

was made of any other HRQL measure reported.

4.1.3. Selection of studies

Studies retrieved from the update searches were selected for inclusion according to the
inclusion/exclusion criteria specified in Section 4.1.2. First, titles and abstracts returned by
the search strategy were screened for inclusion independently by two researchers (LC and
MH). Disagreements were resolved by discussion, with involvement of a third reviewer (TJ-H
or HC). Full texts of identified studies were obtained and screened in the same way. Abstract
only studies were included provided sufficient methodological details were reported to allow

critical appraisal of study quality.

In addition, studies included in the review conducted by Wilson and colleagues (2007)’

were screened for inclusion against the eligibility criteria for this review.

Eligible studies were then re-screened to apply the inclusion criteria ‘intervention
administered in accordance with their licensed indications’. For this systematic review, this
was defined as a licensed start dose irrespective of how the study dealt with other criteria
stipulated by the license. Thus, ESAs administered weekly, for epoetin alfa and epoetin zeta
to be administered three-times weekly, for epoetin beta to be administered three to seven
times per week; and, for darbepoetin alfa to be administered every three weeks. Fixed
(epoetin theta) and weight-based (epoetin alfa, epoetin beta, epoetin zeta, and darbepoetin

alfa) dosages were allowed.
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4.1.4. Data extraction and management

Included full papers were split between four reviewers (LC, MH, TJ-H, HC) for the purposes
of data extraction using a standardised data extraction form, and checked independently by
another reviewer. Discrepancies were resolved by discussion with the involvement of an
additional review team member (CH) if necessary. Information extracted and tabulated
included details of the study’s design and methodology, baseline characteristics of

participants, and results including HRQL and any AEs if reported (see Appendix D).

If we identified several publications for one study, we evaluated the data from the most

recent publication and amended this with information from other publications.

For studies comparing more than one experimental arm to one control arm, we assigned a
separate reference for each study arm with the author and publication year of the main
publication and added the suffixes a; b. For example, the study by Tjulandin and
colleagues 2010 compared two different experimental study arms with one control group.
The two different study arms are listed separately in the included studies (Table 10) and
Section 0, page 649). Due to this referencing system a study may appear more than twice in

the list of included studies.

Where there was incomplete information on key data, we referred to the 2012 Cochrane
Review. For the update of the Cochrane Review the authors evaluated documents
presented at the Oncology Drug Advisory Committee (ODAC) hearing at the USA Food and
Drug Administration (FDA) held in May 2004, May 2007, and May 2008. These documents
were reported to include briefing documents plus additional Powerpoint presentations
prepared by medical review authors of the FDA, as well as documents and additional
Powerpoint presentations prepared by the companies Roche, Johnson & Johnson, and

Amgen.

4.1.5. Critical appraisal

Four reviewers (LC, MH, TJ-H, HC) independently assessed quality for the newly identified
studies (2004 onwards) based on the criteria in Error! Reference source not found. (used
for the assessment in the previous HTA [Wilson and colleagues, 2007] and Cochrane

[Tonia and colleagues, 2012] reports)." ™

Table 9. Quality assessment
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Table 9. Quality assessment

1. Was allocation truly random?
Yes: random numbers, coin toss, shuffle, etc
No: for patients number, date of birth, alternate
Unclear: if the method not stated

2. Was treatment allocation concealed?

Treatment allocation Yes: central allocation at trial office/pharmacy, sequentially
numbered coded vials, other methods where the trialist allocating
treatment could not be aware

Inadequate: allocation was alternate, or based on information
known to the trialist

Unclear: Insufficient information given

Similarity of groups 3. Were the patients' characteristics at baseline similar in all groups?

4. Was the treatment allocation masked from the participants? (either
Implementation of masking | stated explicitly or an identical placebo used)
5. Was the treatment allocation masked from clinicians?

6. Were the numbers of withdrawals, dropouts, and lost to follow-up in
each group stated?

7. Did the analysis include an ITT or were less than 10% of study arm
excluded?

Completeness of trial

Key: ITT, intention-to-treat

4.1.6. Methods of data analysis/synthesis

Where data permitted the results of individual studies were pooled using the methods

described below.

A random-effects model was assumed for all meta-analyses. For binary data, risk ratio (RR)
was used as a measure of treatment effect and the DerSimonian-Laird method was used for
pooling. For continuous data, mean differences were calculated if the outcome was
measured on the same scale in all trials. For QoL only identical scales and sub-scales were
combined in a given meta-analysis. For time-to-event data; i.e. OS, data were extracted
from the Cochrane review (Tonia and colleagues, 2012).° In the Cochrane review hazard
ratios (HRs) were based on individual patient data (IPD) data; where IPD were not available,
the HR was calculated from published reports including secondary analyses, using methods
reported in Parmar and colleagues (1998),* or binary mortality data.® Similarly, data from
the Cochrane review (Tonia and colleagues, 2012)'® were used for mean Hb change,
transfusion requirement, mean units of blood transfused, complete tumour response, QoL,

and AEs, if this information was not available in the published trials’ reports.

One study (Tjulandin and colleagues, 2010)* had two intervention arms that were
separately compared with the control arm. To take account of the fact that some study-
specific estimates would use the same control arm, the information was divided across the

number of comparisons from the study. When pooling RRs, the number of events and the
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total sample size in the control arm were divided equally across the comparisons, and when
pooling mean differences the total sample size in the control arm was adjusted and divided

equally across the comparisons. However, if only one experimental arm was eligible for the

analysis (Ten Bokkel and colleagues, 1998; Thatcher and colleagues,1999; Hedenus

46-49

and colleagues, 2002; Kotasek and colleagues, 2003), all participants assigned to the

control arm were included.
The following pre-specified subgroup analyses were conducted, if appropriate:

o Hb level at study entry (<10 g /dl versus <11 g/dl versus <12 g/dl versus <14.5 g/dI

versus not reported)

e Hb inclusion criteria (<11 g/dl versus <11 g/dl versus)

o Target Hb (<12 g/dl and >12 g/dl)

¢ Solid tumours versus haematological malignancies (solid versus haematological

versus mixed versus not reported)

e Ovarian cancer (ovarian cancer versus other cancers)

o Type of chemotherapy treatment (platinum chemotherapy versus non-platinum
chemotherapy versus chemotherapy+radiotherapy versus mixed chemotherapy

versus not reported)

o Short-lasting ESA versus long-lasting ESA (epoetins versus darbepoetin)

¢ Iron supplementation (iron supplementation given versus no iron supplementation

versus iron handled differently in study arm versus not reported)

o Duration of ESA medication (six to nine weeks versus 12—-16 weeks versus 17-20

weeks versus >20 weeks)

e Study design (placebo versus standard care)

In addition based on subgroup analyses, meta-regression models were conducted including
random effect and a subgroup as a covariate to assess the effects of subgroups on the
outcomes. These analyses were conducted if there was sufficient number of studies in each

subgroup. The Der Simonian-Laird method was used to estimate between-study variance in
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meta-regression. All covariates showing a significant effect (p<0.05) in a univariate analysis
were further considered in a model selection. However, these analyses have to be
interpreted with caution as they can only be exploratory, and should be considered as

hypothesis generating rather than hypothesis testing analyses.***"’

In addition, we stated in the protocol that we would consider: the use of iron supplementation
+ ESASs; people with any type of cancer receiving platinum-based chemotherapy; people
with head and neck malignancies; women with ovarian cancer; women with ovarian cancer

receiving platinum-based chemotherapy; and, people unable to receive blood transfusions.

All analyses were performed using STATA v.12.

4.1.6.1. Sensitivity analysis

To allow comparison with the Cochrane review (Tonia and colleagues, 2012)"° and with the
previous HTA review (Wilson and colleagues, 2007)," fixed-effects meta-analyses for the

main analysis were also conducted.

4.1.6.2. Assessment of bias

Identified research evidence was interpreted according to the assessment of methodological
strengths and weaknesses and the possibility of potential biases. Publication bias for the
main outcomes was assessed using funnel plots. The Egger test was used for continuous
outcomes (mean difference; SE), and the Harbord test was used for binary outcomes (OR,
logSE). However, it should be noted that these tests typically have low power to detect
funnel plot asymmetry, and so the possibility of publication bias existing in the meta-analysis
cannot be excluded even if there is no statistically significant evidence of publication bias. In
addition, meta-regression models including random effect and using publication year as a
covariate to assess the effect of publication year on the considered outcome were

conducted.

4.1.7. Graphical representation of summary trial information

We present a summary of information relating to each trial at the end of each comparison

section using Graphical Overview for Evidence Reviews (Gofer) software (developed by Dr

Will Stahl-Timmins at the University of Exeter Medical School, in association with the

PenTAG Health Technology Assessment group and the European Centre for Environment
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and Human Health). These figures graphically represent the study design, study quality and

results in a format that allows quick comparison between trials.

4.2. Results

4.2.1. Studies identified

We screened the titles and abstracts of 1,458 unique references identified by the PenTAG
searches and additional sources, and retrieved 293 papers for detailed consideration. Of
these, 232 were excluded, five because they were unobtainable and 227 for other reasons
(a list of these items with reasons for their exclusion can be found in Appendix E). Sixty one
studies met the pre-specified criteria set out in the protocol and were considered eligible for
inclusion. In assessing titles and abstracts, agreement between the two reviewers was good
(k=0.693 [95% CI 0.648—0.738]). At the full-text stage, agreement was substantial (k=0.792
[95% CI 0.705-0.879]). At both stages, initial disagreements were easily resolved by

consensus.

We then re-assessed included studies (n=46) from the review conducted by Wilson and
colleagues (2007)." Of these, 29 studies were considered eligible for inclusion in the update
review. The scope for Wilson and colleagues (2007)’ differed from the current scope; the
population of interest was not defined by treatment type compared with the current scope
which specifies patients on chemotherapy (see Section 2.7.1.2, page 48). Reasons for
exclusion included: data only available in abstract format, population (either participants not
receiving chemotherapy or receiving radiotherapy only), or duplicate (studies also retrieved
in the PenTAG update searches).

We identified and included one full paper (Boogaerts and colleagues, 2003)° of an
abstract (Coiffier and colleagues, 2001) included in the review by Wilson and
colleagues (2007)." In addition, one study (Abels and colleagues, 1993)** included in the
previous HTA review Wilson and colleagues, 2007) was published in five papers; three were
included in the Wilson and colleagues review (Abels and colleagues, 1993;* Case and
colleagues, 1993;% and, Henry and colleagues, 1994°°), and an additional two were
identified when scrutinising the bibliographies of included studies (Henry and colleagues,
1995;% and, Abels and colleagues, 1996°).
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Citations of the includable studies (including the 2012 Cochrane Review [Tonia and
colleagues, 2012'°]) were also searched by two reviewers (LC, MH). This process revealed

an additional six papers:

e Systematic reviews (n=1): Grant and colleagues, 2013

e Primary studies (n=5): Henry and colleagues (1995);°” Abels and colleagues
(1996);°® Patrick and colleagues (2003);*° Wagner and colleagues (2004):°' Moebus
and colleagues (2013)

For this review we further specified that eligible interventions should be assessed as
administered in accordance with their licensed indications. This criterion was applied after
the first-round of full-paper screening in order to make sure that we captured all relevant
evidence. As the majority of trials were initiated before the 2008 update of the SmPCs the
inclusion criteria for these studies did not reflect the revised ESA license with regards to the
treatment initiation threshold of Hb <10 g/dl or Hb treatment target levels of 10-12 g/dl. As a
result none of the included studies were completely in line with the current UK marketing
authorisation. We therefore considered studies eligible for inclusion if they used a licensed,
weight-based starting dose, regardless of other criteria stipulated by the license; e.g. Hb

levels.

In applying this eligibility criterion, 47 were considered to have evaluated the interventions
outside of the licensed indication (a list of these studies together with study characteristics
can be found in Appendix F). In total, 23 primary studies reported in 35 publications were
judged to meet the inclusion criteria for the review (Table 10); study characteristics are
summarised in Appendix G. Primary studies are linked to multiple publications in Appendix
H. Eleven systematic reviews reported in 14 publications (see Appendix |) were also

identified; these were used to identify other studies and to compare results.

Update searches were conducted on 2nd December using the same methodology as
described earlier. Seventy records were screened by two reviewers (LC and MH) and eight
records were selected for full-text retrieval. No studies were judged eligible on full-text
appraisal by LC and MH. A list of these items with reasons for their exclusion can be found

in Appendix E.

The process is illustrated in detail in Figure 1.
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Figure 1. PRISMA flowchart:
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throu_gh database Reason for exclusion
searching 2004-2013
N=2 278 + Population 7
Update searches n=100 Intervention 4
Comparator 3
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n=1,336 + — screening ; ey tesn
Update searches n=70 | % i Abstract only 59
! n=1113 !
l{ ekt e e J Language 9
i I’________________________‘: Mo usable data 2
F;”g;ifszglgfs : Records excluded full _
SSaibibly — paper screening — Unobtainable 5
n=293 i n-=232 i Duplicate 3
L e e e

clinical effectiveness review

PenTAG, 2013
Includable records
n=61

Wilson et al, 2007
Includable records
n=292

Includable records

CONFIDENTIAL

Other sources
Records identified
from other sources

n=6b

n=96 | |

' Records excluded |

| ! ‘outside license’ !

| n=47¢ ]

Relevant systematic i e
reviews n=11

(reported in 14
publications®)

Includable primary
studies ‘within
license’ (based on
start dose
administered) d
n=23 (reported in 35
publicationsf)

Key: DX, data extraction; SRs, systematic reviews; RCTs, randomised controlled trials

Notes: (a) Studies excluded (reasons for exclusion): abstract: Quirt (1996), Carabantes (1999), Huddart (2002),
Thomas (2002), Janinis (2003); population (receiving radiotherapy only or not receiving chemotherapy):
Rose (1994), Wurnig (1996), Sweeney (1998), Italian Coop Study Group (1998), Henke (1999), Thompson
(2000), Henze (2002), Blohmer (2003), Henke (2003), Smith (2003); duplicates (studies also returned in the
update searches): Casadevall 92004), Rosenzweig (2004); (b) Systematic reviews: Grant et al; primary
studies: Abels (1996), Henry (1994), Patrick (2003), Wagner (2004), Moebus (2013); (c) Four studies (Ten
Bokkel [1998], Thatcher [1999], Hedenus [2002], Kotasek [2003]) evaluated different ESA doses only the within
license doses were included in the PenTAG review; details of the excluded treatment arms documented in
Section 0, page 637; (d) ‘within licence’, based on the administration of ESAs at the licensed weight-based start
dose; (e) Systematic reviews not formally included; used as a reference with which to compare results and
identify other citations; (f) A list of primary publications and multiple publications is available in Appendix |
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Table 10. Study characteristics

CONFIDENTIAL

Study, year

Agent

Control

Malignancy

Treatment

Outcomes

Multiple publications identified

Commercial in confidence information is redacted
Academic in confidence information is redacted

Wilson and colleagues (2004 [HTA]) included studies meeting inclusion criteria for the PenTAG review
Abels, 413" | Epoetin alfa | Placebo Haem® Chemo: mixed HaemR, Hct, RBCT, HRQoL", AE® Abels, 1996; Case, 1993; Henry
1993% 1994, Henry, 1995
Aravantinos, 47 Epoetin alfa | Standard | Solid Chemo: plat Hb, HCT, patients' RBCT NA
2003%
Boogaerts, 262 Epoetin beta | Standard | Solid & haem® Chemo: NR HaemR, Hb, RBCT, HRQoL Coiffier, 1999 (abstract)
2003
Dammacco, 145 Epoetin alfa | Placebo Haem® Chemo: mixed® HaemR, Hb, RBCT, HRQoL, AE NA
2001%
Del Mastro, 62 rHUEPQ" Standard | Solid (breast) Chemo: non-plat Hb, RBCT, HRQoL, AE NA
1999%
Dunphy, 30 rHUEPQ® Standard | Solid (head & Chemo: mixed Hb, RBCT NA
1999% neck, lung)
Hedenus, 33° Darb alfa Placebo Haem® Chemo: NR HaemR, Hb, RBCT, AE NA
2002
Hedenus, 349 Darb alfa Placebo Haem® Chemo: NR HaemR, RBCT, AE, HRQoL Littlewood, 2006
2003
Kotasek, 249 Darb alfa Placebo Solid Chemo: NR HaemR, Hb, RBCT, HRQoL NA
2003
Kurz, 35 Epoetin alfa | Placebo Solid (cervix, Chemo: mixed HaemR, RBCT, HRQoL, AE NA
1997% ovary, uterus)
Littlewood, 375 Epoetin alfa | Placebo Mixed Chemo: non-plat HaemR, Hb, RBCT, HRQoL, AE Aapro, 2004; Bajetta, 2004; Patrick
2001% 2003
Osterborg, 349 Epoetin beta | Placebo Haem® Chemo: non-plat HaemR, Hb, RBCT, HRQoL, AE Osterborg, 2005 (long-term follow-
2002, 2005°*™ up)
Silvestris, 54 Epoetin alfa | Standard Haem® Chemo: NR HaemR, Hb, AE NA
1995
Ten Bokkel, Epoetin beta | Standard | Solid (ovary) Chemo: plat Patients' RBCT, AE NA
1998* 122
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CONFIDENTIAL

Study, year

Agent

Control

Malignancy

Treatment

Outcomes

Multiple publications identified

Thatcher, 130 Epoetin alfa | Standard | Solid (SCLC) Chemo: mixed Hb, Patients' RBCT, HRQoL, AE NA

1999*

Vansteenkiste, 314 Darb alfa Placebo Solid (lung) Chemo: plat HaemR, Hb, RBCT, HRQoL, AE, Vansteenkiste, 2004
2002 disease progression, survival

Study characteristics: PenTAG review update 2004 to July 2007

2011a, b’""®

progression, survival, AE

Grote, 224 Epoetin alfa | Placebo Solid (SCLC) Chemo: mixed Hb, RBCT, TR; survival; AE NA
2005™

Moebus, 643 Epoetin alfa | Standard | Solid (breast) Chemo: non-plat Hb, RBCT, HRQoL, survival, AE NA
2013%

Ray-Coquard, 218 Epoetin alfa | Standard | Mixed Chemo: NR RBCT, OS, HRQoL, AE NA
2009™

Strauss, 74 Epoetin beta | Standard | Solid Chemo + Radio Hb RBCT, TR, survival, AE NA
2008 (cervix)

Tjulandin, 223 Epetin theta | Placebo Solid Chemo: plat HaemR, Patients' RBCT, HRQoL, NA
2010%° Epoetin beta AE

Tjulandin, 186 Epoetin theta | Placebo Mixed Chemo: non-plat HaemR, Patients' RBCT, HRQoL, NA
20117 AE

Untch, 733 Darb alfa Standard | Solid (breast) Chemo: non-plat Hb, pathological response, disease | NA

Key: AE, adverse event; Darb, darbepoetin; HaemR, haematopoietic response; Hb, haemoglobin; HRQoL, health-related quality of life; NR, not reported; OS, overall survival; plat, platinum-
based chemotherapy; RBCT, red blood cell transfusion; refs, references; rHUEPO, recombinant human erythropoietin; SCLC, small-cell lung cancer; TR, tumour response

Notes: (a) Study population included patients not receiving chemotherapy (n=124); beyond the scope for the current review; (b) Outcomes reported for all participants (i.e. includes patients not
receiving chemotherapy); (c) Assumed to epoetin alfa or epoetin beta based on date of study and dose administered; (d) majority of participants reported to be on non-platinum chemotherapy; e
Dose-response study other doses of darbepoetin alfa included; (e) specifically haematological non-myeloid malignancies (chronic lymphocytic leukaemia; non Hodgkin’s lymphoma; Hodgkin’s
disease and multiple myeloma within these studies)
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4.2.2. Study characteristics

4.2.2.1. Study design

ESAs plus standard care vs placebo plus standard care

The 2004 review identified nine RCTs investigating the effectiveness of ESAs plus standard
care compared with placebo plus standard care, those reported by Abels and colleagues
(1993),>* Dammacco and colleagues (2001),°* Hedenus and colleagues (2002 and
2003),"°*° Kotasek and colleagues (2003),*° Kurz and colleagues (1997).°’ Littlewood
and colleagues (2001),°® Osterborg and colleagues (2002 and 2005),°*"° and
Vanseteenkiste and colleagues (2002)"%. Three of these evaluated epoetin alfa, one
epoetin beta, and four darbepoetin alfa. In one study it was uncertain which brand of
erythropoietin was used (although it was assumed to be either epoetin alfa or epoetin beta

[based on the study date and dose administered]).

PenTAG searches identified an additional four RCTs. These are: Grote and colleagues
(2005),” Strauss and colleagues (2008),”° Tjulandin and colleagues (2010 and
2011).*57 One of these evaluated epoetin alfa, two epoetin beta, and two epoetin theta (one
was a three-arm study comparing epoetin beta vs epoetin theta vs placebo (Tjulandin and
colleagues, 2010)). We also identified one paper (Osterborg and colleagues [2005]7°)
evaluating long-term survival for epoetin beta compared with placebo from the earlier 2002
RCT (Osterborg and colleague [2002]%°) identified in the 2004 review. We also identified
five retrospective analyses based on three primary studies identified in the 2004 review
(Patrick and colleagues, 2003;% Bajetta and colleagues, 2004;"° Aapro and colleagues,

2004;* Vansteenkiste and colleagues, 2004;®" Littlewood and colleagues, 2006).%

ESAs plus standard care vs standard care alone

The 2004 review identified seven RCTs investigating the effectiveness of ESAs plus
standard care compared with standard care alone, those reported by: Aravantinos and
colleagues (2003),°® Boogaerts and colleagues (2003),°” Del Mastro and colleagues
(1999),°° Dunphy and colleagues (1999),% Silvestris and colleagues (1995),”" Ten
Bokkel and colleagues (1998),*” and Thatcher and colleagues (1999).® Three of these
evaluated epoetin alfa, two epoetin beta, and in two studies it was uncertain which brand of
erythropoietin was used (although it was assumed to be either epoetin alfa or epoetin

beta,based on the study date and dose administered).
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PenTAG searches identified an additional three RCTs (reported in four publications). These
are: Moebus and colleagues (2013),°? Ray Coquard and colleagues (2009),”* Untch and
colleagues (2011a,b).””"® Two studies reported evaluations of epoetin alfa and one study

(two publications) darbepoetin alfa.

Head-to-head

No head-to-head studies were identified in the 2004 review.

PenTAG searches identified one three-arm study comparing epoetin beta and epoetin theta

vs placebo (Tjulandin and colleagues, 2010).*° No head-to-head comparison was made.

4.2.2.2. Dose

Dosing strategies varied considerably in the literature in terms of: start dose (fixed or weight-
based); trigger haemoglobin level, target haemoglobin level; dose escalation; stopping rules
for non-responders; and, duration of use. These aspects will have an impact on the clinical
effectiveness. Given the publication of the 2012 Cochrane review (Tonia and colleagues,
2012) this review focused on the administration of ESA in accordance with their UK
marketing authorisation. Studies were considered eligible for inclusion if they used a
licensed starting dose irrespective of how they dealt with other criteria stipulated by the
licence. Thus, ESAs administered weekly, for epoetin alfa and epoetin zeta to be
administered three-times weekly, for epoetin beta to be administered three to seven times
per week; and, for darbepoetin alfa to be administered every three weeks. Fixed (epoetin
theta) and weight-based (epoetin alfa, epoetin beta, epoetin zeta, and darbepoetin alfa)

dosages were allowed.

The current licensed weight-based, starting dose for epoetin alfa is 450 1U/kg per week
(given as either three divided doses or as a once-weekly dose); for epoetin beta the licensed
dose is 450 IU/kg per week (given in three to seven divided doses). The maximum licensed
dose for both epoetin alfa and beta is 900 IU/kg per week. For epoetin theta the licensed
dose is 20,000 IU per week independent of body weight. The maximum licensed dose per
week is 60,000 IU per week independent of body weight. For darbepoetin alfa the licensed
weight-based, starting dose is 2.25 pg/kg in a once-weekly dose or 6.75 pg/kg once every

three weeks. The maximum dose is 4.5 ug/kg per week.
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This review focuses only on those studies evaluating the interventions at their licensed
starting dose (as detailed in the previous paragraph), irrespective of other aspects of the
license (e.g. Hb levels). For darbepoetin alfa, two studies were dose-response studies and
therefore evaluated doses under and over the current licence recommendation (Hedenus
and colleagues, 2002;*° and Kotasek and colleagues, 2003‘°); and, two included studies
included a second intervention group evaluating epoetin alfa at a start dose of 300 IU/kg
(Ten Bokkel and colleagues, 1998;*” and, Thatcher and colleagues, 1999*). Only the
licensed start doses from these studies were included in the PenTAG review). In addition,

one study (Untch and colleagues, 2011a,b’""®

) evaluated darbepoetin alfa at a dose of 4.5
ug/kg once every two weeks this was considered within licence as the equivalent dose per

week (2.25 ug/kg) is a licensed dose.

Of note, none of the included studies evaluated ESAs entirely within the remit of their
marketing authorisations; in particular, with respect to start and target haemoglobin levels,
and stopping rules all of which were generally higher than specified in the license. A table
summarising the administration of ESAs in relation to their respective licenses within the
included studies is given in Appendix C. Two additional definitions of ‘within licence’ were
considered in retrospective sensitivity analyses: (1) licensed start dose plus inclusion Hb <11

g/dl plus target Hb <13 g/dl; and, (2) licensed start dose plus inclusion Hb <11 g/dl.

4.2.2.3. Duration of ESA treatment and duration of study

The majority of the trials gave erythropoietin therapy over the course of the chemotherapy,
with many continuing with erythropoietin therapy for four weeks after chemotherapy, which is
permissible within the licensed indications. The average time on erythropoietin treatment
was 12 weeks, with trial duration clustering around 12—28 weeks. One study reported follow-

up data (Osterborg and colleagues, 2005°).

4.2.2.4. Concomitant treatments

There were several possible concomitant treatments: granulocyte colony-stimulating factor
(G-CSF), iron supplementation and RBCT, with some protocols giving recommendations for
when transfusions should be given (referred to in this review as transfusion triggers) (see

Appendix G.

Two studies were identified that gave G-CSF. In one study (Del Mastro and colleagues,
1997%°) G-CSF was given at a dose of 5 pg/kg from Day 4 until Day 11, during the first five
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chemotherapy cycles, to allow accelerated chemotherapy. The second study (Ray-Coquard
and colleagues, 20097*) stated that G-CSF could be used in primary or secondary
prophylaxis as recommended by the American Society of Clinical Oncology (ASCO) and
French Federation of Cancer Center guidelines. However, it was unclear whether G-CSF

was administered to any of the study participants during the study period.

In the majority of studies (n=16) iron supplementation was given. Reporting of details in this
respect varied. A fixed daily dose of oral iron (either 200 mg or 325 mg) for all patients was
most common, although in a few studies administration of oral iron supplementation was

dependent on transferrin saturation levels (i.e. £<<20%, or <10%); in one study allowing daily
oral iron supplementation if transferrin saturation fell to <20% i.v. iron was recommended. In

two studies (Osterborg and colleagues 2002, 2005;%°°

and, Strauss and colleagues,
2008"°) enrolled patients with a baseline of <25% and <20% (respectively) participants were
given i.v. iron supplementation at a dose of 100 mg per week before the start of study
treatment. In cases where patients were contraindicated or the drug was not available oral
iron supplementation was administered. In one study (Kurz and colleagues, 1997%) i.v. iron
supplementation was administered following each dose of chemotherapy beginning with the
next cycle. One trial was identified in which concomitant iron supplementation was given
only to patients receiving an erythropoietin (Untch and colleagues, 2011a,b’""®). Several
studies reported that iron supplementation was allowed during the study without specifying
details, or that supplementation was given at the investigators’ discretion. Nine studies do
not report concomitant treatment, and in two studies (Thatcher and colleagues, 1999;*®
and Vansteenkiste and colleagues, 2002"%) iron supplementation during the study period

was not permitted.

4.2.2.5. Population characteristics

Population characteristics of the included trials are summarised in Table 11 and Table 12;

characteristics are described in more detail in Appendix G.

Trials had an age range of 18-92. In the majority of included studies there was an equal
distribution of men and women, with the obvious exception of trials whose populations had
gynaecological and breast malignancies (within the breast malignancies one patient was
male [Littlewood and colleagues, 2001]%°). However, in one study (Dunphy and

colleagues, 1999;%® head, neck and lung tumours) gender was not distributed equally
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between the two treatment groups; in the treatment arm 92% of participants were men

compared with an equal distribution of men and women in the control arm (50% each).

There was a variety of malignancies (see Table 11): five trials had patients with a mix of

solid tumours; one of the retrospective analyses identified (Bajetta and colleagues, 2004)

79

was a subgroup analysis of a breast cancer cohort enrolled in the study conducted by

Littlewood and colleagues, 2001 %8 however, the overall study was not powered to

discriminate treatment differences within subgroups. Eight of the included studies

concentrated on specific solid tumour types (breast n=3; ovary n=1; cervix n=1; lung n=3).

There were four studies with a mix of haematological malignancies (specifically

haematological non-myeloid malignancies [chronic lymphocytic leukaemia; non Hodgkin’s

lymphoma; Hodgkin’s disease and multiple myeloma within these studies]); of these, one

study was reported in two papers; Osterborg and colleagues (2005) reported long-term

survival data from an earlier study (Osterborg and colleagues, 2002).°*° One study

concentrated on multiple myeloma (MM) (Silvestris and colleagues, 1995). Five studies

included participants with a mix of solid and haematological malignancies.

Table 11. Malignancies included in the trials

Malignancy

Mixed types

Specific malignancies

Solid tumours

Tjulandin, 2010; Aravantinos, 2003;
Kotasek 2003; Dunphy, 1999; Kurz
1997

Moebus, 2013 (breast); Untch, 2011 a,b
(breast); Strauss, 2008 (cervix); Grote,
2005 (SCLC); Vansteenkiste, 2002
(lung); Thatcher, 1999 (SCLC); Ten
Bokkel, 1998 (ovary); Del Mastro, 1997
(breast)

Haematological®

Hedenus, 2003; Osterborg, 2002 &
2005°% Hedenus 2002; Dammacco,
2001

Silvestris, 1995 (MM)

Mixed solid &
haematological®
malignancies

Tjulandin, 2011; Ray-Coquard, 2009;
Boogaerts, 2003; Littlewood, 2001;
Abels, 1993°

Key: ALL, acute lymphoblastic leukaemia; met, metastatic; MM, multiple myeloma; NSCLC, non-small-cell lung

cancer; SCLC, small-cell lung cancer

Notes: (a) Follow-up of Osterborg 2002 study; (b) Population includes patients receiving plat and non-plat
chemotherapy; and, patients receiving no treatment; (c) specifically haematological non-myeloid malignancies
(chronic lymphocytic leukaemia; non Hodgkin’s lymphoma; Hodgkin’s disease and multiple myeloma within these

studies)

Malignancy treatments consisted of chemotherapy (platinum-based and non-platinum

based), and chemotherapy plus radiotherapy. In four studies participants received platinum-

based chemotherapy, in six studies participants were on non-platinum chemotherapy, in six

studies participants were receiving chemotherapy but the type was unknown, five studies
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included participants on mixed chemotherapy treatment. Of the latter group, in two of the
studies the majority of patients received platinum-based chemotherapy (proportion not
reported); and, in one of the studies the majority of participants received non-platinum based
chemotherapy (proportion not reported). One trial involved participants on chemotherapy
plus radiotherapy.

Table 12. Malignancy treatments

Malignancy Trials

Chemo: plat Tjulandin, 2010; Vansteenkiste, 2002; Aravantinos, 2003; Ten Bokkel, 1998;
based Abels, 1993

Chemo: non- Moebus, 2013; Tjulandin, 2011; Untch, 2011a, b; Osterborg, 2002, 2005;*
plat based Littlewood, 2001; Del Mastro, 1997; Abels, 1993°

Chemo: type Ray-Coquard, 2009; Boogaerts, 2003; Hedenus, 2003; Kotasek, 2003; Hedenus
unknown 2002; Silvestris, 1995

Mixed chemo Grote, 2005; Dammacco, 2001; Dunphy, 1999; Thatcher, 1999; Kurz, 1997

Chemo + Radio | Strauss, 2008

Key: chemo, chemotherapy; plat, platinum; radio, radiotherapy
Notes: (a) Follow-up of Osterborg 2002 study; (c) Population includes participants receiving plat and non-plat
chemotherapy; and, patients receiving no treatment but data are reported separately for each group

The majority of included studies specified the required baseline degree of anaemia in the
eligibility criteria; in three studies this baseline degree of anaemia was not specified in the
eligibility criteria reported. The highest was <14.5 g/dl (Grote and colleagues, 2005),” and
the lowest was <8 g/dl (Silvestris and colleagues, 1995).”' Despite this, mean/median Hb
level at baseline ranged from 9.2 to 14.1 g/dl in the intervention group and from 9.1 to 14.1

g/dl in the control group.

4.2.3. Quality of included studies

Quality assessment criteria are presented in Error! Reference source not found. (page
63), and study appraisal is presented in Table 13. All trials were assessed using the same
quality assessment tool as the previous HTA (Wilson and colleagues, 2007)." However,
there is some variation in the method of quality assessment between the previous and the
current review: In the current appraisal, only information published in the primary studies
was considered when conducting the quality appraisal, whereas the previous HTA review
also used quality assessment information published in the 2004 Cochrane review (Issue 3).
Cochrane review authors contacted the trials investigators to request missing data, including
information on study conduct. In addition, we have access to new information from papers

published after the inclusion date for the previous review. Only primary studies were
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appraised. Secondary analyses of previously published data were not assessed. Similarly, if
a trial was reported in multiple publications, only one quality assessment of the trial was
conducted. In total, 24 trials were assessed, including eight trials not included in the previous

HTA review.

4.2.3.1. Overall assessment

The 23 included RCTs were of variable quality, but all are flawed, some due to reporting
issues, but others more substantially. For most of the trials it was difficult to make a general
assessment about study quality due to reporting omissions. In fact, 10 of the 23 trials either
did not report, or lacked clarity on, at least three of the seven items constituting the
Cochrane risk of bias tool. Most notably, all trials lacked clarity in the reporting of allocation
methods (the procedure for randomisation and/or allocation concealment). Three of the
studies were of generally high quality (Kurz and colleagues, 1997,° Tjulandin and
colleagues, 2011,”° Tjulandin and colleagues 2010),*° with each of these satisfactorily
addressing five of the seven items of the Cochrane risk of bias tool. However, even the
reports of these three studies omitted important information relating to study quality. The
study by Dunphy and colleagues (1999)® has the poorest quality profile, followed by
Boogaerts and colleagues (2003),°> Ray-Coquard and colleagues (2009),’* and
Silvestris and colleagues (1995).”" Further details of the quality of included studies,

according to individual items on the Cochrane risk of bias tool are described as follows.

4.2.3.2. Treatment allocation

Random allocation: The method of random allocation was clearly stated and sufficient in

nine trials while 14 trials did not specify the method used.

Concealment of allocation: The method of concealment of allocation was not clearly reported
in any of the included trials. Fifteen trials did not report any information on allocation
concealment, while eight trials provided some information. A centralised system for
randomisation was reported in seven ftrials, and, authors of one ftrial stated that only the
person administering study medication was unblinded. So it is possible that the allocation
sequence was concealed in these eight trials. However, as no specific details on allocation

concealment were reported, this remains unclear.
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4.2.3.3. Similarity of groups

Baseline characteristics: Only three trials fully reported baseline characteristics including p-
values for baseline group comparisons. Authors of 14 trials stated “similarity between
groups”; however no statistical information was reported to support this. Another four studies
reported some baseline difference for one or more outcomes. Whereas no baseline
characteristics were reported for two trials; one of these two studies used a Latin square
design, and baseline characteristics are reported for groups randomised by chemotherapy,

but not for the erythropoietin randomisation.

4.2.3.4. Implementation of masking

Treatment allocation masked from participants: Participants were blinded to treatment
allocation in 12 trials. Ten trials did not blind participants from treatment allocation and one

trial did not report any information about blinding participants to treatment allocation.

Treatment allocation masked from clinicians: The 12 trials which blinded participants to
treatment allocation also masked treatment allocation from clinicians. Eight trials did not
blind clinicians to treatment allocation. Whereas three ftrials did not report any information
about clinicians’ blinding to treatment allocation; these three trials compared erythropoietin

groups with standard care.

4.2.3.5. Completeness of trial

Reporting of loss to follow-up, withdrawals and dropouts: loss to follow-up, withdrawals and
dropouts were fully reported in nine trials and partially reported in 12 trials. In the 12 trials
where this information was partially reported, five trials reported withdrawals and dropouts
until the end of trials, but did not provide any data on the follow up period. Two trials did not

report any information on loss to follow-up, withdrawals and dropouts.

ITT analysis or less than 10% lost: ITT analyses or less than 10% participants lost were
reported in 14 studies for all measured outcomes. ITT analyses or less than 10%
participants lost were reported in seven studies for the primary outcome and most of the
secondary outcomes. Only two trials did not use ITT or reported 10% and more participants’

loss.
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Table 13. Study quality (Cochrane Risk of Bias tool)

CONFIDENTIAL

Commercial in confidence information is redacted
Academic in confidence information is redacted

Study, year Random Concealment Baseline Patients Physicians Losses ITTor <10%dropout
allocation similarity blinded blinded
%
Abels, 1993 Unclear® NR Unclear Yes Yes Partially Yes
Aravantinos, 2003 Unclear® NR Unclear® No No NR Yes
Boogaerts, 2003 Unclear® NR No: prior No No Partially Yes
chemotherapy,
FACT-F
Dammacco, 2001% Unclear® Unclear® Unclear® Yes Yes Yes Yes, primary endpoint and HRQoL
only
Del Mastro, 1999%° Yes NR Unclear® No NR Partially Yes, apart from HRQoL (87% and
84% participants were analysed in
treatment and control groups
respectively).
Dunphy, 1999%° Unclear® NR No: gender No No Yes No
Grote, 2005" Yes NR Unclear® Yes Yes Partially® Yes
Hedenus, 2002* Yes Unclear® No: gender, Yes Yes Partially Yes?
platelet and
neutrophil counts
Hedenus, 2003™ Yes NR Unclear Yes Yes Partially® Yes?®
Kotasek, 2003*° Unclear® NR Yes® Yes Yes Partially® Yes?
Kurz, 1997° Yes Unclear® Yes Yes Yes NR Yes, results report response for all
participants; assumed ITT.
Littlewood, 2001°° Unclear® NR Unclear® Yes Yes Yes Yes, apart from HRQoL (80% and
73% participants were analysed in
treatment and control groups
respectively).
Moebus, 2013% Yes Unclear® Unclear® NR NR Yes Yes
Osterborg, 2002 Unclear® NR Unclear® Yes Yes Partially® Yes
Ray-Coquard, 2009" Unclear® Unclear® No: HRQoLb No No Partially Yes, apart from HRQoL (54% and
57% participants were analysed in
79
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Study, year Random Concealment Baseline Patients Physicians Losses ITTor <10%dropout
allocation similarity blinded blinded
treatment and control groups
respectively.

Silvestris, 1995"" Yes NR NR No No Yes No

Strauss, 2008" Unclear® Unclear® Yes No No Yes Yes

Ten Bokkel, 1998 Unclear® NR Unclear® No No Partially Yes, but two participants were
excluded from ITT analyses.

Thatcher, 1999% Unclear® NR Unclear® No NR Yes Yes, apart from HRQoL (75% and
61% participants were analysed in
treatment and control groups
respectively).

Tjulandin, 20117 Yes NR Unclear® Yes Yes Yes Yes, apart from HRQoL (89.5-97.9%
and 85.7-96.7% participants were
analysed in treatment and control
groups respectively).

Tjulandin, 2010® Yes Unclear” Unclear® Yes Yes Yes Yes

Untch, 2011a, b™""® Unclear® NR NR' No No Partially® Yes

Vansteenkiste, 2002" Unclear® Unclear® Unclear” Yes Yes Partially Yes?, apart from HRQoL (81%
participants were analysed in both,
treatment and control groups).

Key: HRQoL, health-related quality of life; ITT, intention-to-treat; NR not reported.

Notes: (a) Randomisation details are not reported; (b) P-values for baseline comparisons are not reported, although authors report “similarity between groups”; (c) Losses reported for the
treatment period only, data for the follow up period are not reported. (d) Randomisation was performed using a centralised system, but no details on allocation concealment were not reported;
(e) Baseline values were similar in the placebo and the 6.75 ug/kg darbepoetin alfa subgroup (subject of this review). In the 12.0-mg/kg group higher proportion of patients had breast cancer the
mean baseline Hb concentration was higher; (f) Authors stated that “baseline characteristics were similar in the treatment arms”. It is assumed that this refers to the chemo arms, thus a baseline
comparison is not reported for the epo vs no epo arms. (g) Less than 10% dropout, but ITT was defined as all randomised participants who received at least 1 dose of study drug; (h) Authors
stated that "only the person administering study medication was unblinded”. This may imply that the person allocating treatment was unaware of the next allocation, but there is nothing explicitly
stated so concealment of allocation remains unclear.
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4.2.4. Manufacturers’ reviews of clinical effectiveness

Two submissions were presented summarising evidence on the effectiveness of darbepoetin
alfa (Aranesp®) and epoetin alfa (Binocrit®, Sandoz UK Ltd).

One systematic review was presented summarising evidence of the effectiveness of
darbepoetin alfa (Aranesp®). One manufacturer (Sandoz Ltd) submitted an evidence
summary; summarising trials from their clinical development programme and post-approval
trials (biosimilar epoetin alfa [Binocrit®]). Although neither are part of the PenTAG
systematic review it is presented here for convenience and because the results are

compared. Each submission is briefly discussed in the sections below.

4.2.4.1. Epoetin alfa (Binocrit®, Sandoz UK Lid)

Sandoz UK Ltd submitted an evidence summary which contained a number of publications
that were excluded from the PenTAG review because they did not meet the inclusion criteria.

A list of these items with reasons for their exclusion can be found in Appendix J.
The evidence summary comprised:
e details of the clinical development programme for Binocrit®

— three Phase | studies: multiple intravenous (i.v.) doses Binocrit® vs epoetin
alfa 100 1U.kg thrice weekly (TIW) (Sorgel and colleagues, 2009a);%* multiple
subcutaneous (s.c.) doses Binocrit® vs epoetin alfa 100 1U.kg TIW (Sorgel and
colleagues, 2009b);®* multiple sc. doses Binocrit® vs epoetin beta 100 1U.kg
TIW (Sorgel and colleagues, 2009¢).®° All studies were four weeks in

duration.

— pivotal data: two Phase lll studies (Weigang-Kohler and colleagues, 2009
and Haag-Weber and colleagues, 2009).5%” Both of the Phase Ill studies
were identified in the PenTAG review; one was excluded on population (chronic
renal failure [Haag-Weber and colleagues, 2009]), and the other excluded on
comparator (epoetin alfa assessed by class [Weigang-Kohler and

colleagues, 2009]).

e post-approval data: four retrospective studies were identified: three were abstracts

(Desrame and colleagues, 2013 [observational study];*® Rodriguez-Garzotto and
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colleagues, 2013 [single-centre audit];** Lorenz and colleagues, 2013
[retrospective, matched-cohort analysis]);*® And one, Kerkhofs and colleagues,
2012 [retrospective study]), was fully published. These were not included in the

PenTAG review as they were non-randomised studies.

Results from the identified studies were reported narratively. One Phase 3 trial evaluated the
efficacy and safety of Binocrit® in the treatment of CIA in cancer patients (n=114 [n=94 ITT
population]). The comparator was epoetin alfa (Erypo®/Eprex®, Janssen—Cilag). The
primary endpoint was haemR (absolute increase in Hb of 22 g/dl between the
screening/baseline period and the evaluation period in the absence of RBCT during the
preceding four weeks). HaemR (as defined) was reported in 62% (n=37/60) (95% ClI, 48.2%,
78.9%) of participants treated with Binocrit®, and RBCT requirement was 32% (n=19/60)
compared with 38% (n=13/34) in the epoetin alfa (Erypo®/Eprex®) group. The study
reported comparable efficacy and a similar safety profile as expected for the therapeutic

area.

Results from non-RCT and observational data were presented to support the application with
regards to the effectiveness of ESAs with regards to HaemR; Hb change; RBCT
requirement. Reported results are consistent with existing evidence in respect of these

outcomes.
Evidence was also presented to support the following additional aspects:

¢ pharmacoeconomic rationale for the use of biosimilars

e adjusting the current recommendation regarding the trigger Hb level (<8 g/dl) to align
with UK marketing authorisation, product SPCs, and clinical guidelines (<10 g/dl)

e advantages of using Binocrit® over alternative ESAs; e.g. syringes have an

innovative safety needle protector; extended shelf-life of 24 months.

4.2.4.2. Darbepoetin alfa (Aranesp®, Amgen Lid)

Amgen Ltd presented a meta-analysis of pivotal trials as part of their submission. Searches
for the systematic review were based on the previous HTA appraisal (Wilson and
colleagues, 2007"), and included RCT evidence published since 2004 evaluating the
efficacy and safety of ESAs for the treatment of CIA in cancer patients, specifically
darbepoetin alfa. Studies which used a licensed starting dose (500 ng, 6.75 pg/kg Q3W or
2.25 png/lkg QW were considered eligible for inclusion.
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A total of nine studies were identified evaluating darbepoetin alfa compared with BSC
(placebo, no treatment, usual care) for the treatment of CIA in cancer patients. Four were
included in the PenTAG review (Hedenus and colleagues, 2002; Hedenus and
colleagues, 2003; Kotasek and colleagues, 2003; and Vansteenkiste and colleagues,
2002)."5%64972 Fiye studies were abstracts (Suzuki and colleagues, 2008; Katsumata and

colleagues, 2009; Nitz and colleagues, 2009; Delarue and colleagues, 2012; Hartmann

91-95

and colleagues, 2012), and as such were not appraised in the PenTAG systematic

review; they are described in Appendix J.

The pooled summary estimates presented for the effect of darbepoetin alfa on

chemotherapy induced anaemia in cancer patients are given in Table 14.

Table 14. Summary of results from meta-analyses: Amgen Ltd

Amgen Ltd"

Anaemia-related outcomes

Hb change WMD 1.06

95% CI 0.86, 1.26, p<0.00001
X2 (hey 10.79; df 2 (p=0.005); I° 81%
3 trials, n=1,645

HaemR® RR 3.67

95% ClI 2.73, 4.94, p<0.00001
X2 ey 1.77; df 3 (p=0.62); 1’=0%
4 trials, n=528

RBCT RR 0.56

95% C1 0.49, 0.64; p<0.00001
X ety 4.43; df 6 (p=0.62); 1°’=0%
7 trials, n=1,744

Units transfused WMD -1.25

95% CI -1.84--0.66; p<0.00001
Heterogeneity, NA

1 trial, n=298
Malignancy-related outcomes

Tumour response RR 0.99

95% C10.89, 1.09, p=0.84
Heterogeneity NA

1 trial, n=599

0Ss HR 0.88

95% CI1 0.72, 1.06, p=0.18

X2 ety 4.74; df 3 (p=0.19); 1°=37%

4 trials

HRQoL

FACT-F 3 trials: Results indicated darbe alfa and PBO have a similar effect on
HRQolL; 1 study reported a difference in favour of darbe alfa vs PBO but
NSD
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FACT-An 1 trial: Results indicated darbe alfa and PBO have a similar effect on
HRQoL (NSD between studies)

1 trial: 1 study reported a difference in favour of darbe alfa vs PBO but
NSD

FACT-G 1 trial: Results indicated darbe alfa and PBO have a similar effect on
HRQoL (NSD between studies)

Safety-related outcomes

No. of AEs® RR 1.03

95% C10.94, 1.12, p=0.51

X (nety 0.02; df 1 (p=0.90); I’=0%
1 trial, n=665

No. of SAEs® RR 1.13

95% Cl 0.99, 1.29, p=0.08

X2 he) 0.03; df 1 (p=0.86); 1°’=0%
2 trials, n=1,798

Thromboembolic RR 2.15

events' 95% CI 1.41, 3.28, p=0.0004

X (nety 0.88; df 2 (p=0.64); 1’=0%
3 trials, n=2,112

Key: AEs, adverse events; Cl, confidence interval; darbe alfa, darbepoetin alfa; df, degrees of freedom; FACT,
Fucntional Assessment of Cancer Therapy (F, Fatigue; G, General; An, Anaemia subscales); haemR,
haematological response; Hb, haemoglobin; het, heterogeneity; HRQoL, health-related quality of life; NA, not
applicable; NSD, no significant difference; PBO, placebo; RBCT, red blood cell transfusion; RR, relative risk;
SAEs, serious adverse events; WMD, weighted mean difference

Notes: (a) change from baseline to end of study; (b) fixed effects (Mantel-Haenszel); (c) haematological
response was defined as the proportion of participants with an increase in Hb level of two g/dl or more, or as
an increase in haematocrit of six percentage points or more with a mean/median baseline of <12 g/dl at study
entry; (d) Incidence of any AE; (e) Defined as fatal, life-threatening, requires in-patient hospitalisation or
prolongation of existing hospitalisation, results in persistent or significant disability/incapacity, a congenital
anomaly/birth defect or is an ‘other significant medical hazard’ that does not meet any of the other criteria; (f)
Includes DVT, pulmonary embolism, myocardial infarction and stroke

The pooled summary estimates presented for the effect of ESAs (specifically darbepoetin
alfa for this analysis) were largely consistent with the summary estimates in the PenTAG
systematic review particularly with respect to improvements for haemR and reduction in
RBCT requirement. No significant difference was observed for the outcome Hb change.
Estimates for the malignancy-related outcomes — tumour response and survival - suggested
a benefit with treatment compared with control; however, the data were not statistically
significant, and there was evidence of heterogeneity in the case of OS. In addition, data
were insufficient in this respect to rule out detrimental effects; however, this uncertainty is
consistent with previously reported estimates. Estimates for thromboembolic events (RR
2.15; 95% CI 1.41, 3.28) were worse than estimated in the PenTAG review.
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4.2.5. Ongoing studies

Searches of ClinicalTrials.gov and Controlled Trials yielded a total of 218 trials (see Section
4.1.1.3, page 58). Of these, 94 trials were considered as relevant to this review; however, in
all cases it was not possible to ascertain whether ESAs were evaluated in accordance with
their licensed indications. Seven studies were identified as ongoing (n=2) or recruiting (n=5)
In five trials the current status was recorded as ‘unknown’. Ten trials had terminated; of
these, three had results available. And, 72 studies were completed. An overview of these

trials is provided in Appendix K.

4.2.6. Effectiveness

4.2.6.1. Anaemia-related outcomes

Anaemia-related outcomes: mean Hb change (measured as a change in Hb levels (g/dl)
from baseline until the end of the treatment period), haematological response (defined as the
proportion of participants with an increase in Hb level of two g/dl or more, or as an increase
in haematocrit of six percentage points or more, unrelated to transfusion); and, RBCT
requirements: number of participants transfused, and number of units transfused per

average patient (i.e. including participants not requiring transfusion).

4.2.6.1.1. Haemoglobin change

The mean Hb change was measured as a change in Hb levels (g/dl) from baseline until the
end of the treatment period. Two studies, Moebus and colleagues (2013)° (included as an
abstract Moebus and colleagues, 2007, in the Cochrane review by Tonia and colleagues,
(2012),"° and Strauss and colleagues (2008),” only reported median change in Hb (g/dI)

without any measure of variance so they were excluded from the analyses.

Overall, the analysis included 16 trials with 3,170 participants. Four trials were newly
identified in the update searches (Grote and colleagues, 2005; Tjulandin and colleagues,
2010; Tjulandin and colleagues, 2011; Untch and colleagues, 2011a,b;).*>">"¢7"® As
some trials with multiple experimental arms were split into subsets (Tjulandin and

colleagues, 2010; Abels and colleagues, 1993)*** the number of trials displayed is 18.

The random effects meta-analysis demostrated statistically significant difference in Hb
change in favour of treatment (WMD 1.59, 95% CI 1.33 to 1.84; Figure 2). Although all
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individual studies indicated a beneficial effect of ESA with regard to Hb change and varied

only in magnitude, there was statistically significant heterogeneity between the trials
(1*=75.9%, p<0.001; X?=70.52, df=17, p<0.01). To assess whether publication bias was

likely, a funnel plot was constructed (Appendix L). The funnel plot analysis did not show

statistically significant asymmetry (p=0.133). In addition, a meta regression using publication

year as a covariate (to assess the effect of publication year on Hb change) showed that the

effects of ESA on Hb change were independent from any effect of publication year

(p=0.206); the meta-regression plot is presented in Appendix L. The fixed effects meta-

analysis undertaken as a sensitivity analysis also showed statistically significant difference in
Hb change in favour of treatment (WMD 1.49, 95% CI 1.37 to 1.60; 1°=75.9%, p<0.001); the

forest plot of this analysis is included in Appendix L.

Figure 2. Forest plot: Hb change overall (random effects)

Study N, mean N, mean %
ID WMD (95% Cl) (SD); Treatment (SD); Control Weight
I
Abels_Cisplatin (1993) —IO— 1.60 (0.87, 2.33) 63,2.04 (2.38) 61, .44 (1.7) 4.90
Abels_NonCisplatin (1993) - 1.98 (1.42,2.54) 79,2.35 (2.04) 74, .37 (1.46) 5.82
Aravantinos (2003) —0—:— 1.08 (0.27, 1.89) 24, 2.31 (1.22) 23, 1.23 (1.59) 4.46
Boogaerts (2003) —O—i 1.20 (0.80, 1.60) 133,2.1(1.83) 129, .9(1.5) 6.69
Dammacco (2001) - 2.00 (1.42,2.58) 69, 1.8 (2.11)  76,-.2(1.31) 5.71
Del Mastro (1999) :—0— 2.25(1.60, 2.90) 28, -.8 (1.4) 24,-3.05(1) 5.28
Grote (2005) i —_— 2.70(2.18,3.22) 64,-.2(1.38)  58,-2.9(1.53) 6.05
Hedenus (2002) : 0.64 (-0.10, 1.38)17, 1.64 (1.25) 6, 1 (.56) 4.81
Hedenus (2003) —:o— 1.61(1.22,2.00) 174, 1.8 (2.24) 170, .19 (1.3) 6.79
Kotasek (2003) —0—{- 0.88 (0.04, 1.72) 17, .86 (1.57)  51,-.02 (1.43) 4.32
Kurz (1997) : ——— 3.01(1.77,4.25) 23,3.26 (1.98) 12,.25(1.66) 2.81
Littlewood (2001) —‘:-0— 1.70 (1.27, 2.13) 244,22 (2.18) 115, 5(1.79) 6.57
Osterborg (2002, 2005) — 1.66 (1.29, 2.03) 138, 2.48 (1.74) 142, .82 (1.4) 6.87
Ten Bokkel (1998) —0—;— 1.23 (0.48, 1.98) 34, .66 (1.76)  24,-.57 (1.16) 4.77
Tjulandin_Beta (2010a) —l:-o— 1.70(1.01,2.39) 73,1.9 (1.74) 37, 2(1.74) 5.10
Tjulandin_Theta (2010b) —0:— 1.40 (0.75,2.05) 76, 1.6 (1.42) 37,.2(1.74) 534
Tjulandin (2011) — 1.45(0.97,1.93) 95,2.1(1.3) 91, .65(1.94) 6.29
Untch (2011a,b) — i 0.91(0.65, 1.17) 330, -.07 (2) 359, -.98 (1.33)7.42
Overall (l-squared =75.9%, p = 0.000) @ 1.59 (1.33, 1.84) 1681 1489 100.00
I
NOTE: Weights are from random effects analysis E
-4.I25 0 4.I25

Favours control

Key: Cl: confidence Intervals; ID: identification; N: number of participants; SD; standard deviation; WMD: weighted mean

difference

Favours treatment

Notes: Random effects meta-analysis (Der-Simonian—Laird)
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To identify sources of heterogeneity, subgroup analyses were conducted (Table 15). In

addition, meta-regression models that included random effect and subgroup as covariates

(to assess the effects of subgroups on Hb change) were performed; the F statistics from

these analyses are reported in Table 15. All covariates showing a significant effect (p<0.05)

in a univariate analysis were further considered in a model selection.

Table 15. Subgroup analysis: Hb change

Trials

WMD

Cl

2
1

Tau

Overall

Inclusion Hb

18

1.59

1.33-1.84

75.9%; p<0.01

0.22
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<11.0 g/dl 13 1.52 1.30-1.75 48.1%; p=0.03 0.08
>11.0 g/di 1.75 1.03 - 2.47 91.4%; p<0.01 0.60
F (between:within) F(1,16y=0.47; p=0.50
Baseline Hb
<10.0 g/dl 13 1.51 1.29-1.72 43.6%; p=0.05 0.06
<11.0 g/dl 1 1.98 1.42 - 2.54 NA 0
<12.0 g/dl 1 1.23 0.48 - 1.98 NA 0
<14.5 g/dl 3 1.94 0.68 - 3.19 95.5%; p<0.01 1.17
F (between:within) F(3,14)=0.60; p=0.63
Target Hb
<13.0 g/dl 4 - 1.29 1 0.90-1.67  61.9%;p=0.05  0.10
>13.0 g/dI 11 - 1.59 1.27 - 1.91 74.0%; p<0.01 0.21
NR 3 2.03 1.42 - 2.65 46.0%; p=0.16 0.14
F (between:within) F(2,15=1.33; p=0.29
Malignancy type
Solid tumours 1.65 1.11-2.18 85.2%; p<0.01 0.53
Haematological tumours 1.63 1.33-1.93 49.2%; p=0.08 0.07
Mixed 1.44 1.15-1.74 28.1%; p=0.25 0.02
F (between:within) F2,15=0.12; p=0.89
Ovarian cancer
Ovarian cancer 1 1.23 0.48 - 1.98 NA 0
Other cancers 17 1.60 1.34 - 1.87 77.2%; p<0.01 0.23
F (between:within) F(1,16)=0.34; p=0.57
Chemotherapy treatment
Platinum-containing 1.42 1.10-1.75 0%; p=0.77 0
Non-platinum-containing 1.62 1.20 - 2.03 82.4%; p<0.01 0.21
NR 1.18 0.78 - 1.59 55.0%; p=0.08 0.09
87
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Mixed 3 247 1.90-3.04  50.0%;p=0.14  0.12
F (between:within) : : Fo.19)=4.61; p=0.02

Iron supplementation

Iron in both arms ' 10 1.60 1.38 - 1.82 40.7%; p=0.09 0.0476
Iron in an intervention arm 1 0.91 0.65-1.17 NA 0
NR 7 1.62 1.07 - 2.16 79.2%; p<0.01 0.42
F (between:within) : Fons=1.07; p=0.37
Study design

RCT 13 170  143-197 = 64.9%;p<0.01  0.15
ROL 5 1.30 0.86 - 1.73 72.0%; p<0.01 0.16
F (between:within) F1,16)=1.97; p=0.18
Study duration

12—16 wks 12 1.65 1.40 - 1.89 50.4%; p=0.02 0.09
17-20 wks 2 - 1.92 0.34 - 3.51 90.8%; p<0.01 1.19
>20 wks 4 1.24 0.86 - 1.62 69.6%; p=0.02 0.10
F (between:within) ' Fir=167; p=022

ESA

Erythropoetin 14 1.74 1.49 -2.00 62.7%; p<0.01 0.14
Darbepoetin 4 1.07 0.61-1.52 71.4%; p=0.02 0.14
F (between:within) F(1,16)=6.32; p=0.02

Key: ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR, not reported; RCT,
randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses identified significant differences between short versus long lasting ESA
therapy (p=0.023; Figure 3) and between chemotherapy treatments (p=0.019). Trials with
mixed chemotherapy treatments were significantly different from those using platinum based
chemotherapy, from those using non-platinum based chemotherapy, and from those not
reporting what type of chemotherapy was used (Figure 4). The erythropoietin treatment
(WMD 1.74, 95% CI 1.49 to 2.00; 12°=62.7%, p=0.001) seemed to offer greater benefit
compared to the longer lasting darbepoetin treatment (WMD 1.06, 95% CI 0.61 to 1.52;
1°’=71.4%, p=0.015). Similarly, the mixed chemotherapy treatment (WMD 2.47, 95% CI 1.90
to 3.04; 1°=50.0%, p=0.135) appeared to offer greater benefits compared to the platinum
based therapy (WMD 1.42, 95% Cl 1.10 to 1.74; 1°=0.0%, p=0.774), the non-platinum based
therapy (WMD 1.62, 95% CI 1.20 to 2.03; 1°=82.4%, p<0.001), and compared to studies that
did not report what type of chemotherapy treatment was used (WMD 1.18, 95% CI 0.78 to
1.59; 1°=55.0%, p=0.084).
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Because of the small number of studies included in the analyses, studies using platinum
based chemotherapy, non-platinum based chemotherapy and studies not reporting what
chemotherapy was used, were combined into an “other treatments” group to allow further
analyses. ESA subgroup (erythropoietin versus darbepoetin) and the new chemotherapy
subgroup (mixed therapy versus other treatments) were included in the same model to
explore the effects of the individually significant subgroups on Hb change in one analysis.
The model including the ESA subgroup and the new chemotherapy subgroup remained
significant (p=0.002) and is presented in Appendix J (Table 109). However, as stated in
Section 4.1.6 (page 63) these analyses have to be interpreted with caution. The number of
studies per subgroup is small (3-6;Table 15). In addition, the heterogeneity between studies
within the chemotherapy subgroups does not appear to reduce compared to the overall

analysis (Figure 4).

The results were also investigated visually. One small study (Kurz and colleagues, 1997;%
n=35) appeared to differ from most of the other included trials; this study reported the
highest mean difference between the ESA and control groups. Excluding this study from the
meta-analysis did not change the overall conclusions (data not reported); we therefore

included all 18 trials in the analyses of Hb change.
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Figure 3. Forest plot: Hb change by treatment drug (random effects)

Study N, mean N, mean %

D WMD (95% CI) (SD); Treatment (SD); Control Weight
I

Erythropoetin I

Abels_Cisplatin (1993) —Io— 1.60 (0.87, 2.33) 63, 2.04 (2.38) 61, .44 (1.7) 4.90

Abels_NonCisplatin (1993) —:—0— 1.98 (1.42, 2.54) 79, 2.35 (2.04) 74, 37 (1.46) 582

Aravantinos (2003) _.—=— 1.08 (0.27, 1.89) 24,2.31(1.22) 23,1.23(1.59) 4.46

Boogaerts (2003) —0—} 1.20 (0.80, 1.60) 133,2.1(1.83) 129,.9(1.5) 6.69

Dammacco (2001) —i—o— 2,00 (1.42, 2.58) 69, 1.8 (2.11) 76, -2 (1.31) 5.71

Del Mastro (1999) !—0— 2.25 (1.60, 2.90) 28, -8 (1.4) 24,-3.05 (1) 5.28

Grote (2005) : — 2.70 (218, 3.22) 64,-.2 (1.38) 58,-2.9 (1.53) 6.05

Kurz (1997) : ———  3.01(1.77,4.25) 23,3.26 (1.98) 12, .25 (1.66) 2.81

Littlewood (2001) —— 1.70 (1.27, 2.13) 244,22 (2.18) 115, 5 (1.79) 6.57

Osterborg (2002, 2005) —Io— 1.66 (1.29, 2.03) 138, 2.48 (1.74) 142, .82 (1.4) 6.87

Ten Bokkel (1998) _.—:— 1.23 (0.48, 1.98) 34, .66 (1.76) 24, -57 (1.16) 4.77

Tjulandin_Beta (2010a) —;-0— 1.70 (1.01, 2.39) 73,1.9 (1.74) 37, .2 (1.74) 5.10

Tjulandin_Theta (2010b) —0-:— 1.40 (0.75, 2.05) 76, 1.6 (1.42) 37,.2(1.74) 5.34

Tjulandin (2011) + 1.45(0.97, 1.93) 95,2.1(1.3) 91, .65 (1.94) 6.29

Subtotal (I-squared = 62.7%, p = 0.001) o 1.74 (1.49, 2.00) 1143 903 76.66
|

Darbepoetin :

Hedenus (2002) +—— | 0.64(-0.10,1.38) 17, 1.64 (1.25) 6,1(.56) 4.81

Hedenus (2003) —Io— 1.61(1.22, 2.00) 174,1.8 (2.24) 170,.19 (1.3) 6.79

Kotasek (2003) —0—:— 0.88 (0.04, 1.72) 17, .86 (1.57) 51,-.02 (1.43) 432

Untch (2011a,b) —— : 0.91(0.65, 1.17) 330,-.07 (2) 359,-98 (1.33)  7.42

Subtotal (I-squared = 71.4%, p = 0.015) O: 1.06 (0.61, 1.52) 538 586 23.34

: i

Overall (l-squared = 75.9%, p = 0.000) 0 1.59 (1.33, 1.84) 1681 1489 100.00
I

NOTE: Weights are from random effects analysis :

T T
-4.25 0 4.25
Favours control Favours treatment

Key: Cl: confidence Intervals; ID: identification; N: number of participants; SD; standard deviation; WMD:
weighted mean difference.
Notes: Random effects meta-analysis (Der-Simonian—Laird)
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Figure 4. Forest plot: Hb change by chemotherapy treatment (random effects)

Study N, mean N, mean %
ID WMD (95% CI)  (SD); Treatment (SD); Control Weight

Platinum based |

Abels_Cisplatin (1993) —— 160(0.87,2.33) 63,2.04(2.38) 61,44 (1.7)  4.90
Aravantinos (2003) —_— 1.08(0.27,1.89) 24,2.31(122) 23,123(1.59) 4.46
Ten Bokkel (1998) —0—:— 123(0.48,1.98) 34,.66(1.76)  24,-57(1.16) 477
Tjulandin_Beta (2010a) —_— 170(1.01,2.39) 73,1.9(1.74)  37,.2(1.74)  5.10
Tjulandin_Theta (2010b) —0:— 140(0.75,2.05) 76,1.6(142)  37,.2(1.74) 534

Subtotal (I-squared = 0.0%, p = 0.774) Q 1.42(1.10,1.74) 270 182 24.57
|

Non-platinum based :
Abels_NonCisplatin (1993) ———— 198 (1.42,2.54) 79,2.35(2.04) 74,37 (1.46) 582
Del Mastro (1999) :—0— 2.25(1.60,2.90) 28,-.8 (1.4) 24,-305(1) 528
Littlewood (2001) —_— 170 (1.27,2.13) 244,2.2(2.18) 115, 5(1.79) 657
Osterborg (2002, 2005) —_—— 166 (1.29,2.03) 138,2.48 (1.74) 142, 82 (1.4) 6.87
_..:_

Tjulandin (2011) 1.45(0.97,1.93) 95,2.1(1.3) 91, .65 (1.94) 6.29
Untch (2011a,b) — 0.91(0.65, 1.17) 330, -.07 (2) 359, -.98 (1.33) 7.42
Subtotal (I-squared = 82.4%, p = 0.000) <> 1.62(1.20,2.03) 914 805 38.25
. |

Not reported :

Boogaerts (2003) — 1.20 (0.80,1.60) 133,2.1(1.83) 129,.9(1.5)  6.69
Hedenus (2002) 4—— : 0.64 (-0.10,1.38) 17,1.64 (1.25) 6, 1(.56) 481
Hedenus (2003) —_—— 161(1.22,2.00) 174,1.8(224) 170,19 (1.3) 6.79
Kotasek (2003) —0—;— 0.88 (0.04, 1.72) 17, .86 (1.57) 51,-02(1.43) 4.32
Subtotal (I-squared = 55.0%, p = 0.083) O} 1.18(0.78,1.59) 341 356 22.60
. |

Mixed therapy :

Dammacco (2001) —_— 2.00(1.42,2.58) 69,1.8(2.11) 76,-2(1.31) 571

Grote (2005)
Kurz (1997)
Subtotal (I-squared = 50.0%, p = 0.135)

— 270(2.18,3.22) 64,-2(1.38)  58,-2.9(1.53) 6.05
3.01(1.77,4.25) 23,326(1.98) 12,.25(1.66) 281

= 247(1.90,3.04) 156 146 1457

Overall (I-squared = 75.9%, p = 0.000) <> 159 (1.33,1.84) 1681 1489 100.00

NOTE: Weights are from random effects analysis

-4.25

=)

4.25

Favours control Favours treatment

Key: Cl: confidence Intervals; ID: identification; N: number of participants; SD; standard deviation; WMD:
weighted mean difference.
Notes: Random effects meta-analysis (Der-Simonian—Laird)

Summary: Overall, there is a statistically significant effect of ESA on Hb change. Compared
to controls, patients receiving ESA achieve a weighted mean Hb level increase of 1.59 g/dI
from baseline to the end of treatment (Cl 1.33—-1.84). We identified statistically significant
heterogeneity between the trials (1>=75.9%, p<0.001), however all individual studies
indicated a beneficial effect of ESA with regard to Hb change. Subgroup analyses suggested
that Erythropoietin may offer greater benefits compared to Darbepoetin, and that mixed
chemotherapy treatment may offer greater benefits compared to other chemotherapy
treatments, and to studies that did not report what chemotherapy treatment was used.
However, as the number of studies in the subgroups was very small, these analyses may not

have a statistical power to detect the effects of chemotherapy treatment and ESA on Hb
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change, if such effects exist. Overall, the data confirm results from prior analyses; compared

to controls, patients receiving ESA improved their Hb levels.

4.2.6.1.2. Haematological response

This binary outcome was defined as the proportion of participants with an increase in Hb
level of two g/dl or more, or as an increase in haematocrit of six percentage points or more,
unrelated to transfusion. Eight trials defined haemR as the proportion of participants with an
increase in Hb level of two g/dl or more (Boogaerts and colleagues, 2003; Dammaco and
colleagues, 2001; Hedenus and colleagues, 2003; Kotasek and colleagues, 2003;
Littlewood and colleagues, 2001; Osterborg and colleagues, 2002, 2005; Tjulandin and
colleagues, 2010; Tjulandin and colleagues, 2011)."04°46:526468-70.76 Qe study defined
haemR as an increase in haematocrit of six percentage points or more (Abels and
colleagues, 1993).>* One trial reported haemR using both definitions (Hedenus and
colleagues, 2002);*° for consistency, haemR as defined by an increase in Hb level was
used in the analyses. Two studies (Kurz and colleagues, 1997 and Vansteenkiste and
colleagues, 2002),%”"2 described haemR as an increase in Hb level of two g/dl or more, or

as a Hb level greater than 12 g/dl, and were therefore excluded from the analyses.

Although both the previous HTA review (Wilson and colleagues, 2007)' and Tonia and
colleagues, 2012,"° used the same definition of haematological response, only Tonia and
colleagues, 2012 excluded both Kurz and colleagues,1997°” and Vansteenkiste and
colleagues, 2002 trials from the analyses. The previous HTA review (Wilson and
colleagues, 2007)" argued that most of the data in the Vansteenkiste and colleagues,
2002 trial would have been derived from an increase in Hb of 2 g/dl (considering baseline
Hb values) and included it in the analyses. Vansteenkiste and colleagues, 2002* reported
a mean baseline Hb of 10.28 g/dl (SD=1.08) and a mean baseline Hb of 9.93 g/dl (SD=1.01)
in the treatment and control groups respectively. Kurz and colleagues, 1997° reported a
mean baseline Hb of 9.88 g/dl (SD=0.89) and a mean baseline Hb of 9.85 g/dl (SD=0.60) in
the treatment and control groups respectively. For consistency with the previous HTA,
sensitivity analyses including the Vansteenkinste and colleagues, 2002 and Kurz and

colleagues, 1997 trials were performed.®”"2

Overall, the analysis of haemR included 10 trials with 2,228 participants. Two trials were
newly identified in the update searches (Tjulandin and colleagues, 2010; Tjulandin and

colleagues, 2011).*>"® As some trials with multiple experimental arms were split into
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subsets (Tjulandin and colleagues, 2010; Abels and colleagues, 1993)*** the number of

trials displayed is 12.

HaemR was observed in 759 out of 1,213 participants in the ESA-treated groups, compared
to 182 out of 1,015 in the control groups. The random effects meta-analysis showed
statistically significant difference in HaemR in favour of treatment (RR 3.29, 95% CIl 2.84 to
3.81; Figure 5). Heterogeneity between the trials was not significant (1°=6.4%, p=0.383;
X?=11.75, df=11, p=0.383), with all individual studies indicating a beneficial effect of ESAs
with regard to HaemR. To test whether publication bias was present in the meta-analysis,
funnel plot asymmetry was investigated (Appendix L). The funnel plot analysis did not
suggest statistically significant asymmetry (p=0.275). A meta-regression using publication
year as a covariate to assess the effect of publication year on haematological response
suggested that earlier published studies tended to report higher effects than later published
studies (p=0.044). The earlier studies also tended to be smaller trials (see the meta-

regression plot in Appendix L).

The fixed effects meta-analysis undertaken as a sensitivity analysis, also showed statistically
significant difference in HaemR in favour of treatment (RR 3.41, 95% CIl 2.96 to 3.92;
1°=6.4%, p=0.383); the forest plot of the analysis is included in Appendix L. Similarly
including the Kurz and colleagues,1997°” and Vansteenkiste, 2002 trials in the meta-
analyses did not affect the overall conclusions (RR 3.21, 95% CIl 2.81 to 3.68; 12°=8.2%,
p=0.363; the forest plot of the analysis is included in Appendix L). Similar to the Hb change
outcome, Kurz and colleagues, 1997 (N=35), appeared to differ from most of the other
included trials. This study reported the highest RR for HaemR with wide CI (RR 14.63, 95%
Cl 0.94-226.68).%"
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Figure 5. Forest plot: HaemR overall (random effects)

Study Events, Events, %

ID RR (95% Cl) Treatment Control ~ Weight
Abels_Cisplatin (1993) 7.39(2.77, 19.69) 31/64 4/61 2.20
Abels_NonCisplatin (1993) 4.31(2.35,7.90) 46/79 10/74 5.60
Boogaerts (2003) 3.59 (2.23,5.80) 63/133 17129  8.77
Dammacco (2001) 6.33 (2.87, 13.96) 38/66 6/66 3.35
Hedenus (2002) 6.00 (0.89, 40.41) 12/22 111 0.59

Hedenus (2003) 3.28(2.33,4.61) 104/174 31170  16.17

Kotasek (2003) 3.43 (1.46,8.05) 8/17 7/51 2.89

Littlewood (2001) 3.68 (2.51,5.41) 172/244  22/115  13.06

Osterborg (2002, 2005) 252(1.93,3.30) 1141170  46/173  24.10

Tjulandin_Beta (2010b) 3.77 (1.90, 7.45) 52/73 7137 4.45

Tjulandin_Theta (2010a) 3.04 (1.61,5.74) 50/76 8/37 5.12

Tjulandin (2011) 2.87 (1.98,4.18) 69/95 23/91 13.71

Overall (I-squared =6.4%, p = 0.383) 3.29 (2.84,3.81) 759/1213 182/1015 100.00

|
S —
|
|
|
—_—
|
—_—
|
—_—n
|
|
|
——
———
—_—
—_——
———
|
B s
i
——
|
|
|
NOTE: Weights are from random effects analysis l
L

T T
.0247 1 40.4

Favours control Favours treatment

Key: Cl: confidence intervals; Events, Treatment: number of events/ number of participants in treatment group;
Events, Control: number of events/ number of participants in control group; ID: identification; RR, risk ratio
Notes: Random effects meta-analysis (Der-Simonian—Laird)

Pre-specified subgroup analyses were performed (Table 16). None of the studies with
available HaemR data included ovarian cancer patients. Therefore, the planned ovarian
cancer subgroup analysis was not completed. In addition, meta-regression models including
random effect and subgroups as covariates to assess the effects of a subgroup on
haematological response were performed; the F statistics from these analyses are reported
in Table 16. All covariates showing a significant effect (p<0.05) in a univariate analysis were

further considered in a model selection.

One study (Littlewood and colleagues, 2001)% provided separate results for solid and
haematological malignancy, and for participants with less or equal to 10.5 g/dl, and more
than 10.5 g/dl inclusion Hb levels (but < 12 g/dl). Meta-analyses including the subgroup
results were conducted for the haemoglobin subgroups (RR 3.29, 95% CI 2.81 to 3.85;
1°=13.4%, p=0.310; Appendix L), and for the malignancy subgroups (RR 3.28, 95% CI 2.84
to 3.78; 1°=13.4%, p=0.403; Appendix L). The results of these analyses were similar to the
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main analysis and were used in the subgroup analyses if appropriate (Table 16). In addition,
the Vansteenkiste and colleagues, 2002 trial provided separate results for participants
with baseline Hb levels less than 10.0 g/dl, and for participants with baseline Hb levels equal
to or more than 10.0 g/dl (but <11 g/dl). Including Kurz and colleagues, 1997 and
Vansteenkiste and colleagues, 2002 in the meta-analyses with subgroup results had no

impact on the overall conclusions.®’

Table 16.Subgroup analysis: HaemR

Trials | RR ‘ Cl I? Tau®
Analyses using all main trials:
Overall 12 329  2.84-3.81 6.4%; p=0.383  <0.01°
(Mmmt=

Platinum-containing 3 393  250-6.17 11.9%; p=0.32 0.02
Non-platinum-containing 4 3.05 243-382  29.9%;p=0.23  0.02
NR 4 342  264-444 0% p=093 0
Mixed 1 633 287-1396 NA 0
F (between:within) F(3,8=1.38; p=0.32
Iron supplementation :
Iron in both arms 7 3.05  2.63-354 0%; p=0.67 0
NR 5 494  338-720 0% p=072 0
F (between:within) : : Fi.10=11.94; p<0.01
Study design |
RCT 11 331  281-390  13.8%;p=0.32  0.01
ROL 1 359  223-580 NA 0
F (between:within) ' ' ' Fu10=0.12; p=0.73
Study duration :
12-16 wks 10 329  273-397  186%;p=027  0.02
>20 wks 2 385 271-492 0% p=094 0
F (between:within) ' : : F110)=0.23; p=0.64
ESA
Erythropoetin 9 3.41 2.80-4.16 29.7%; p=0.18 0.03
Darbepoetin : 3 : 3.35 : 245-458  0%; p=0.83 : 0
F (between:within) : : F(1,10)=0; p=0.96 »

Trials RR  CI F Tau®
Analyses using results for Hb:inclusion Subgroubs (Littlewood 20'01): .
Overall 13 329  2.81-3.85  13.4%;p=0.31 0.01
Inclusion Hb : :
<11.0 g/dI 12 320 278-3.68  2.0%;p=043  <0.01
>11.0 g/dl 1 2552 1.66-392.30 NA 0
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F (between:within) F1.11)=104.53; p<0.01
Baseline Hb |
<10.0 g/dI 11 315 272-363  19%;p=042  <0.01
<11.0 g/d o 431  235-7.90 NA 0
<12.0 g/dl 1 2552 1.66-392.30 NA : 0
F (between:within) ' F(2,10)=49.43; p<0.01
Target Hb |
<13.0 g/dI -3 3.06  2.28-4.09 0%; p=0.79 0
>13.0 g/d| 8 325  263-401  245%p=023 002
NR 2 500 299-837  0%p=035 0
F (between:within) F.10=0.31; p=0.74
‘Trias RR  CI I Tau®
Analyses using results for malignancy subgroupé (Littlewood 2001): '
Overall 13 328 2.84-379  4.3%;p=0.40  <0.01°
Malignancy type : : : : :
Solid tumours 4 370 263-518  0%;p=0.844 0
Haematological tumours 7 3.55 2.70 - 4.67 43%; p=0.10 0.05
Mixed 2 343 233-420 0%; p=047 0
F (between:within) : ' : F(2.10)=0.89; p=0.44

Key: ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR, not reported; RCT,
randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.
Notes: (a)Tau® =0.0044 (b) Tau® =0.0031

Univariate analyses identified significant differences between trials using iron
supplementation compared to trials not reporting iron supplementation use (p=0.006; Figure
6). Trials, that did not report whether they used iron, appeared to offer greater benefits (RR
4.94, 95% Cl 3.38 to 7.20; 1°=0%, p=0.752), compared to trials using iron supplementation
(RR 3.05, 95% Cl 2.63 to 3.54; I’=0%, p=0.669). The meta-regression model with iron
subgroups is presented in Appendix L. However, including Kurz and colleagues (1997)°’
and Vansteenkiste and colleagues (2002)'? in the meta-regression model with iron
supplementation as a covariate provided different results; the difference between trials
using iron supplementation compared to trials not reporting iron supplementation was no
longer significant (p=0.735). As noted above, the Kurz and colleagues (1997)% trial
appeared to differ from the included studies. A sensitivity analysis including Vansteenkiste
and colleagues (2002),”? but excluding Kurz and colleagues (1997)% trials, again
suggested that trials not reporting iron supplementation offer greater benefits (p=0.037). The
studies not reporting whether they used iron tended to be smaller (Figure 6).°” Univariate
analyses using the Hb subgroups results identified significant differences based on baseline

and inclusion Hb levels (Table 16). However, these results seemed to be driven mainly by
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Littlewood and colleagues (2001)® study (Hb subgroup <12; R 25.52, 95% Cl 1.66 to
392.3:; I>=NA; Figure 7) for both, the baseline and inclusion Hb levels. Because of collinearity
we did not combine the baseline and inclusion Hb levels subgroups in the same model. A
model using the Hb baseline subgroup as a covariate suggests that participants with higher
baseline Hb level (<12 g/dl; only one study was included in this subgroup) favoured
treatment significantly more (RR 25.52, 95% Cl 1.66 to 392.3; I>=NA), compared to trials
with Hb baseline values <11 g/dl (RR 3.76, 95% CI 2.62 to 5.39; 12=0%, p=0.583), and
compared to trials with Hb baseline values <10 g/dl (RR 3.10, 95% CI 2.64 to 3.64;
1°’=19.7%, p=0.244; Figure 7). The meta-regression with baseline Hb subgroup as a
covariate is presented in Appendix L. Including the Kurz and colleagues (1997)%" and
Vansteenkiste and colleagues (2002)? trials in the meta-analyses with Hb subgroup
results had no impact on the conclusions. However, it should be highlighted that only one

trial (N=56) contributed to the subgroup with Hb baseline levels <12 g/dl.

Due to the small number of studies in the meta-analysis, these meta-regressions and
subgroups analyses have to be interpreted with caution (Section 4.1.6, page 63), the
Cohrane handbook recommends at least 10 studies per subgroup.® In addition, sensitivity
analyses (e.g. including data from Kurz and colleagues (1997)%” and Vansteenkiste and

colleagues (2002)?) suggest differences on the impact of covariates.
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Figure 6. Forest plot: HaemR by iron supplementation (random effects)

Study Events, Events, %
ID RR (95% CI) Treatment Control ~ Weight
|
Not reported :
Abels_Cisplatin (1993) —f—‘— 7.39(2.77, 19.69) 31/64 4/61 2.20
|
Abels_NonCisplatin (1993) —_—r 4.31(2.35,7.90) 46/79 10/74 5.60
1
Dammacco (2001) -:—0— 6.33 (2.87, 13.96) 38/66 6/66 3.35
Hedenus (2002) : 6.00 (0.89, 40.41) 12/22 111 0.59
'
Kotasek (2003) —_— 3.43 (1.46,8.05) 8/17 7/51 2.89
!
Subtotal (I-squared =0.0%, p =0.723) :O 4.94 (3.38,7.20) 135/248 28/263 14.62
1
|
|
Iron !
Boogaerts (2003) _— 3.59(2.23,5.80) 63/133 17129  8.77
Hedenus (2003) — 3.28(2.33,4.61) 104/174 31/170 16.17
Littlewood (2001) —— 3.68(2.51,5.41) 172/244 22/115 13.06
Osterborg (2002, 2005) —— 2.52(1.93,3.30) 114/170 46/173  24.10
Tjulandin_Beta (2010b) —_— 3.77 (1.90, 7.45)  52/73 7137 4.45
Tjulandin_Theta (2010a) —_— 3.04 (1.61,5.74) 50/76 8/37 5.12
Tjulandin (2011) —_—— 2.87(1.98,4.18) 69/95 23/91 13.71
Subtotal (I-squared =0.0%, p = 0.669) 0 3.05(2.63,3.54) 624/965 154/752  85.38
|
1
|
Overall (I-squared = 6.4%, p = 0.383) o 3.29(2.84,3.81) 759/1213 182/1015 100.00
1
|
NOTE: Weights are from random effects analysis :
T T

.0247 1 40.4

Favours control Favours treatment

Key: Cl: confidence intervals; Events, Treatment: number of events/ number of participants in treatment group;
Events, Control: number of events/ number of participants in control group; ID: identification; RR, risk ratio
Notes: Random effects meta-analysis (Der-Simonian—Laird)
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Figure 7. Forest plot: HaemR using Hb subgroups by Hb baseline (random effects)

Study Events, Events, %
ID RR (95% Cl) Treatment Control ~ Weight
<10 |
Abels_Cisplatin (1993) —:—+— 7.39(2.77,19.69) 31/64 4/61 246
Boogaerts (2003) —_— 3.59(2.23,5.80)  63/133 171129 9.14
Dammacco (2001) — 6.33 (2.87,13.96) 38/66 6/66 3.70
Hedenus (2002) -—|4— 6.00 (0.89,40.41) 12/22 111 0.67
Hedenus (2003) — 3.28 (2.33,4.61) 104/174  31/170 15.63
Kotasek (2003) —_— 3.43(1.46,8.05)  8/17 7151 3.20
Littlewood_BLHb =< 10.5 (2001a) —— 3.11(2.13, 4.55) 139/203  22/100 13.22
Osterborg (2002, 2005) - 2.52(1.93,3.30) 114/170  46/173  21.64
Tjulandin_Beta (2010b) —_— 3.77 (1.90,7.45) 5273 7137 4.85
Tjulandin_Theta (2010a) —_— 3.04 (1.61,5.74) 5076 8/37 555
Tjulandin (2011) — 2.87(1.98,4.18)  69/95 23/91 13.58
Subtotal (I-squared = 1.9%, p = 0.424) Q 3.14(2.72,3.63)  680/1093 172/926 93.64

:
<11 |
Abels_NonCisplatin (1993) ——— 4.31(2.35,7.90)  46/79 10/74 6.03
Subtotal (I-squared = .%, p = .) <’:> 4.31(2.35,7.90)  46/79 1074  6.03
~ |
<12 |
Littlewood_BLHb >10.5 (2001b) E > 25.52 (1.66, 392.30) 33/41 0/15 0.33
Subtotal (I-squared = %, p = .) -<<> 25,52 (1.66, 392.30) 33/41 015 033
. I
Overall (I-squared = 13.4%, p = 0.310) é 3.29 (2.81, 3.85) 759/1213  182/1015 100.00
NOTE: Weights are from random effects analysis E

.00I255 1 3&2
Favours control Favours treatment

Key: Cl: confidence intervals; Events, Treatment: number of events/ number of participants in treatment group; Events,
Control: number of events/ number of participants in control group; ID: identification; RR, risk ratio
Notes: Random effects meta-analysis (Der-Simonian—Laird)

Summary: Analyses suggests that ESA treatment in CIA is effective in producing a haemR
as defined as an increase in Hb level of 2 g/dL or more, or increase in haematocrit of six
percentage points or more. Sixty-three per cent (759/1,213) of participants who received
ESA treatment had a haemR, in contrast to 18% (182/1,015) of control patients. The
heterogeneity between the trials was non-significant (1?=6.4%, p=0.383) with all individual
studies indicating a beneficial effect of ESAs with regard to Hb response. The results of
subgroups analyses were non-conclusive suggesting that analyses may not have a
statistical power to detect effects of subgroups on haemR, if such an effect did exist. Overall

the results support previous analyses.

4.2.6.1.3. RBCT requirement

This binary outcome was defined as the proportion of participants requiring blood

transfusion. Overall, the analysis of RBCT requirement included 22 studies with 4,779
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participants. Seven studies were newly identified in the update searches (Grote and
colleagues, 2005; Strauss and colleagues, 2008; Ray-Coquard and colleagues, 2009;
Tjulandin and colleagues, 2010; Tjulandin and colleagues, 2011; Untch and
colleagues, 2011a,b; Moebus and colleagues, 2013).*2737® As some trials with multiple
experimental arms were split into subsets (Abels and colleagues, 1993; Tjulandin and

45,54

colleagues, 2010) the number of studies displayed is 24.

RBCT was required by 554 of 2,480 participants treated with ESAs compared to 835 of
2,299 participants receiving placebo /no treatment. The random effects meta-analysis
showed a statistically significant difference in RBCT requirement in favour of the treatment
group (RR 0.63, 95% CI 0.57, 0.69; Figure 8). The heterogeneity between the trials was not
significant (I2=10.5%, p=0.315; X?=25.71, df =23, p=0.315). All but one individual study

77,78

(Untch and colleagues, 2011a,b) indicated a beneficial effect of ESAs with regard to
RBCT requirement. To test whether publication bias was present in the sample included in
the meta-analysis, funnel plot asymmetry was investigated (Appendix L). The funnel plot
analysis did not show statistically significant asymmetry (p=0.234). A meta-regression using
publication year as a covariate to assess the effect of publication year on RBCT requirement

was not statistically significant (p=0.207; see meta-regression plots Appendix L).

100
Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG

Figure 8. Forest plot: RBCT (random effects)

Study Events, Events, %
ID RR (95% ClI) Treatment  Control Weight
Abels_Cisplatin (1993) — 0.77 (0.58,1.03)  34/64 42/61 8.42
Abels_NonCisplatin (1993) —— 0.83 (0.58, 1.19) 32/79 36/74 5.86
Aravantinos (2003) —_—— 0.39 (0.23, 0.64) 9/24 23/23 3.13
Boogaerts (2003) —— 0.62 (0.46, 0.84) 43/133 67/129 7.91
Dammacco (2001) —_—— 0.58 (0.37, 0.91) 19/69 36/76 3.85
Del Mastro (1999) \g ; 0.20 (0.01, 4.00) 0/31 2/31 0.10
Dunphy (1999) D — e 0.43(0.10,1.85)  2/13 5/14 0.40
Grote (2005) —— 0.65 (0.43, 0.99) 26/109 42/115 4.50
Hedenus (2002) —_— 0.60 (0.23, 1.54)  6/22 5/11 0.95
Hedenus (2003) — 0.65(0.49,0.86)  52/167 79/165 8.87
Kotasek (2003) —_— 0.64 (0.29, 1.42) 5117 23/50 1.32
Kurz (1997) _— 0.33(0.14,0.78)  5/23 8/12 1.10
Littlewood (2001) —— 0.63 (0.46, 0.85) 62/251 49/124 7.49
Moebus (2013) — 0.47 (0.33, 0.66) 41/324 86/319 6.36
Osterborg (2005) - 0.74 (0.58,0.94)  65/169 90/173 11.09
Ray Coquard (2009) —— | 0.62 (0.46, 0.84) 39/108 61/105 7.82
Strauss (2008) _IO— 0.88 (0.42, 1.84) 9/34 12/40 1.54
Ten Bokkel (1998) —_— 0.11(0.03,0.47)  2/45 13/33 0.42
Thatcher (1999) —_—— 0.77 (0.51, 1.16) 19/42 26/44 4.48
Tjulandin_Beta (2010b) —_— 0.51(0.22,1.17) 973 9/37 1.20
Tjulandin_Theta (2010a) —0—:— 0.43 (0.18, 1.03) 8/76 9/37 1.1
Tjulandin (2011) —— 0.54 (0.29, 1.00) 13/95 23/91 215
Untch (2011a,b ) - * 3.18(0.13,77.72) 1/356 0/377 0.08
Vansteenkiste (2002) —— 0.60 (0.47, 0.78) 53/156 89/158 9.84
Overall (I-squared = 10.5%, p = 0.315) o 0.63 (0.57, 0.69) 554/2480 835/2299  100.00
NOTE: Weights are from random effects analysis E
I I
.00999 1 100

Favours treatment Favours control

Key: Cl, confidence interval; events treatment, control, number of events/participants in treatment/control arms
ID, identification; RR, risk ratio

Notes: (a) Der-Simonian Laird pooled RR; (b) Trial with multiple experimental arm split into subsets in the
analysis: Tjulandin and colleagues, 2010a, b reports data for epoetin theta (2010a) and epoetin beta (2010b)
and Abels and colleagues 1993 reported data for participants on platinum-based chemotherapy and non-
platinum based chemotherapy

The fixed effects meta-analysis undertaken as a sensitivity analysis, showed a statistically
significant difference for RBCT requirement in favour of treatment (RR 0.62, 95% CI 0.51,
0.67); the forest plot of this analysis is included in (Appendix L).

Pre-specified subgroup analyses were performed (Table 17). In addition, meta-regression
models including random effect and subgroups as a covariate to assess the effects of a
subgroup on RBCT requirement were performed. The F statistics from these analyses are
reported in Table 17. All covariates showing a significant effect (p<0.05) in a univariate

analysis were further considered in model selection.
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One study (Littlewood and colleagues, 2001)°® provided separate results for solid and

haematological malignancy, and for participants with inclusion Hb levels <10.5 g/dl and
>10.5 g/dl (but <12 g/dl). In addition, Vansteenkiste and colleagues (2002)"? provided
separate results for participants with baseline Hb levels <10.0 g/dl, and 210.0 g/dI (but <11

g/dl). Meta-analyses including these subgroup results were conducted for Hb subgroups (RR
0.61, 95% Cl 0.55, 0.68; 1°=22.4%, p=0.015), and for the malignancy subgroups (RR 0.62,
95% Cl 0.56, 0.68; 1°=15.8%, p=0.239; see Appendix L). The results of these analyses were

similar to the main analysis and were used in the subgroup analyses if appropriate (Table

17).

Table 17. RBCT: Subgroup analyses

Trials RR cl I Tau
Analyses using all main trials:
Overall 24 0.63 0.57 - 0.69 10.5%; p=0.32 0.01
Chemotherapy treatment
Platinum-containing 6 0.52 0.37-0.72 60.0%; p=0.03 0.08
Non-platinum-containing 7 0.65 0.53 -0.79 31.1%; p=0.19 0.02
NR 5 0.63 0.54 -0.74 0%; p=1 0
Mixed 5 0.63 0.50 - 0.79 0%; p=0.48 0
Chemo-+radio 1 0.88 0.42-1.84 NA 0
F (between:within) F(4,19)0.16; p=0.96
Iron supplementation
Iron in both arms 14 0.61 0.54 - 0.68 0%; p=0.460
Iron in an intervention arm 1 3.18 013-77.7 NA
Iron not used 1 0.77 0.50 - 1.16 NA
NR 8 0.66 0.55-0.80 : 29.4%; p=0.193 0.02
F (between:within) Fs,20) 1.08; p=0.38
Study design
RCT 14 0.66 0.60 - 0.73 0%; p=0.78 0
ROL 10 0.56 0.45-0.71 37.7%; p=0.11 0.04
F (between:within) F(1,22) 0.61; p=0.44
Study duration
6-9 wks 2 0.76 0.40 — 1.47 0%; p=0.39 0
12-16 wks 14 0.66 0.60 - 0.74 0%; p=0.73 0
17-20 wks 0.50 0.38 - 0.66 26.5%; p=0.26 0.02
>20 wks 5 0.62 0.45-0.85 @ 48.0%; p=0.10 0.05
F (between:within) Fs,20) 0.57; p=0.64
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Trials RR cl I’ Tau
Analyses using all main trials:
ESA
Erythropoetin 19 0.62 0.55-0.70 27.1%; p=0.13 0.02
Darbepoetin 0.63 0.52 -0.75 0%; p=0.89 0

F (between:within)

F(1122) 0.03; p=086

Analysed using results for baseline Hb subgroups Littlewood

Vansteenkiste and colleagues, 2002

and colleagues, 2001 and

Overall 26 0.61 0.55-0.68 22.4%; p=0.15 0.02
Inclusion HB

<11.0 g/dl 16 0.64 0.57 - 0.71 7.3%; p=0.37 <0.01
>11.0 g/dI 10 056  044-072  391%;p=0.10  0.05
F (between:within) F(1.24)0.72; p=0.46
Baseline Hb

<10.0 g/dl 15 0.64 0.58 - 0.71 0%; p=0.69 0
<11.0 g/dl 2 0.60 0.31-1.18 81.4%; p=0.02 0.19
<12.0 g/dl 3 0.38 0.14 -1.00 74.1%; p=0.02 0.52
<14.5 g/dl 5 0.69 0.52 -0.92 0%; p=0.69 0
NR 1 0.47 0.34 - 0.66 NA NA
F (between:within) F(1.24)0.28; p=0.60
Target HB

<13.0 g/dl 4 0.52 0.34 -0.80 48.4%; p=0.14 0.04
>13.0 g/dI 19 0.60 0.53 - 0.67 0%; p=0.70 0
NR 3 0.71 0.51-1.00 22.4%; p=0.15 0.02
F (between:within) F(2,230.82; p=0.45
Analysed using results for malignancy subgroups Littlewood and colleagues, 2001

Overall 25 0.62 0.56-0.68 15.8%; p=0.24 0.01
Malignancy type

Solid tumours 15 0.56 0.48 - 0.66 17.2%; p=0.26 0.01
Haematological tumours 0.68 0.59 -0.79 15.3%; p=0.31 0.02
Mixed 3 0.61 0.50 - 0.75 0%; p=0.92 0

F (between:within)

F(zy 22) 070, p=051

Key: Cl, confidence interval; ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR,
not reported; RCT, randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses did not identify any significant differences based on the pre-defined

subgroups (Table 17).
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Summary: The RR to receive RBCT was statistically significantly reduced in the study
groups receiving ESAs by 37% (RR 0.63, 95% CI 0.57, 0.69). The heterogeneity between
the studies was non significant (1>=10.5%, P=0.315). Overall, the data confirm results from
prior analyses that ESAs reduce the RR to receive RBCT in patients with cancer-treatment

induced anaemia.

4.2.6.1.4. RBC units transfused

Overall, 10 studies evaluating a total of 1,920 participants are included. As one study (Abels
and colleagues, 1993)* was split into subsets the number of studies displayed is 11. Two
studies were newly identified (Grote and colleagues, 2005 and Tjulandin and colleagues,
2011);"*"® neither were included in the Cochrane review (Tonia and colleagues, 2012'%)for
the analysis of this outcome. All except one study (Tjulandin and colleagues, 20117°)
reported mean units transfused per average participant (i.e. regardless of whether
participants had received RBCT). For Tjulandin and colleagues (2011) this was calculated

from the data presented in the published paper.”

The overall mean difference showed a statistically significant benefit for participants
receiving ESAs (WMD -0.87, 95% CI -1.28, -0.46; Figure 9); the ESA group received fewer
units of blood per participant than the control group. The heterogeneity between the studies
was significant (1°=59.3%, p=0.006). All but one study indicated a reduced need for RBCs in
participants receiving ESAs compared to controls. A funnel plot analysis did not suggest

statistically significant asymmetry (p=0.137; see Appendix L).
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Figure 9. Forest plot: RBCT mean RBC units transfused (random effects)

Study N, mean N, mean %
D WMD (95% Cl) (SD); Treatment (SD); Control ~ Weight
i
Abels_Cisplatin (1993) ? -0.45(-2.56, 1.66) 64,3.56 (7.01) 61,4.01(4.87) 3.18
Abels_NonCisplatin (1993) —i+—— -0.72(-2.00,0.56) 79,2.03(3.88) 74,2.75(4.15) 6.86
|
Boogaerts (2003) —_— i -2.86 (-4.16, -1.56) 133,2.11(3.78) 129, 4.97 (6.53) 6.70
Dammacco (2001) —*‘-ﬁ—— -0.69 (-1.66,0.28) 66, 1.49(2.73) 66,2.18(2.95) 9.55

Grote (2005) —_—— 0.10 (-0.59, 0.79) 109, .5 (3.6) 115, 4 (.7) 13.03

Kurz (1997) 227 (-461,007) 23,143 (38) 12,37(3.09) 266

Osterborg (2005) —— -0.56 (-1.46, 0.34) 169, 2.66 (5.56) 173,3.22 (2.17) 10.33

Ten Bokkel (1998) —+‘— 0.94 (-176,-0.12) 45,.33(1.6)  33,1.27(1.97) 11.29
I

Thatcher (1999) % -2.33(-5.03,0.37) 42,38(5.58) 44,6.13(7.13) 206

Tjulandin (2011) i-o- -0.56 (-0.73,-0.39) 95, .48 (48)  91,1.04(71) 19.93

Vansteenkiste (2002) ‘ -1.25(-1.84,-0.66) 148, 67 (1.7)  149,1.92 (3.27) 14.41

|

Overall (I-squared = 59.3%, p = 0.006) 0 -0.87 (-1.28, -0.46) 973 947 100.00
I
|
NOTE: Weights are from random effects analysis :
L

Favours treatment Favours control

Key: Cl, confidence interval; ID, identification; N, number of events/participants in treatment/control arms; WMD,
weighted mean difference

Notes: (a) Random effects (Der-Simonian Laird pooled RR); (b) Trial with multiple experimental arm split into
subsets in the analysis: Abels and colleagues 1993 reported data for participants on platinum-based
chemotherapy and non-platinum based chemotherapy; (c) Mean units transfused per average participant (i.e.
regardless of whether participants had received RBCT)

One study (Vansteenkiste and colleagues, 2002)"? provided separate results for
participants with baseline Hb levels <10.0 g/dl, and 210.0 g/dl (but< 11 g/dl). Meta-analysis
including these subgroup results were conducted (WMD -0.87, 95% CI -1.24, -0.50; see
Appendix L). The fixed effects meta-analysis undertaken as a sensitivity analysis, showed a
statistically significant difference for number of RBC units transfused in favour of treatment
(WMD -0.64, 95% CI -0.79, -0.48); the forest plot of this analysis is included in (Appendix L).

To identify sources of heterogeneity, subgroup analyses were conducted (Table 18). In
addition, meta-regression models including random effect and a subgroup as a covariate to
assess the effects of subgroups on Hb change were performed; the F statistics from these
analyses are reported in Table 18. All covariates showing a significant effect (p<0.05) in a

univariate analysis were further considered in a model selection.
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Table 18. RBC units: Subgroup analyses

Trials

WMD

Cl

2
|

Tau

Overall

Chemotherapy treatment

11

-0.87

-1.28 - -0.46

59.3%; p=0.02

0.21

F (between:within)

Platinum-containing 3 -1.11 -1.58 - -0.64 0%,; p=0.69
Non-platinum-containing 3 -0.56 -0.73--0.40 0%; p=0.97

NR 1 -2.86 -4.16 — -1.56 NA

Mixed 4 -0.76 -1.77 - 0.25 55.7%; p=0.08 0.52
F (between:within) F375.22; p=0.03

Iron supplementation

Iron in both arms 4 -1.30 -2.31--0.29 - 78.3%; p=<0.01 0.73
Iron not used -2.30 -5.03 - -0.37 NA 0
NR 6 -0.70 -1.19--0.20 43.7%; p=0.11 0.16
F (between:within) F(2.8) 0.09; p=0.44

Study design

RCT 8 -0.63 -0.97 - -0.30 35.4%; p=0.15 0.07
ROL -1.91 -3.37 - -0.44 68.6%; p=0.04 ~ 1.10
F (between:within) Feie)4.25; p=0.07

Study duration

12-16 wks 7 -0.70 -0.96 - -0.44 11.7%; p=0.34 0.02
17-20 wks 1 0.10 -0.59 - 0.79 NA 0
>20 wks 3 -1.91 -3.37--044 = 68.6%;p=004 @ 1.08
F (between:within) Fos) 3.72; p=0.07£

ESA

Erythropoetin 10 -0.89 -1.43 --0.35 53.8%; p=0.02 0.36
Darbepoetin 1 -1.25 -1.84 - -0.66 NA 0
F (between:within) F19) 0.27; p=0.61
Malignancy type

Solid tumours -0.95 -1.73--0.17 65.7%; p=0.02 0.44
Haematological tumours -0.63 -1.19--0.06 0%; p=0.99 0
Mixed -1.62 -3.86 — -0.63 91.6%; p<0.01 242
F (between:within) F(2,88)0.50; p=0.62
Ovarian cancer

Ovarian cancer 1 -0.94 -1.76--0.12 NA 0
Other cancers 10 -0.88 -1.34 - -0.42 62.5%; p<0.01 0.25

F(1’g)0.00; p=098

Analysed using results for baseline Hb subgroups Vansteenkiste and colleagues, 2002
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Trials WMD [o]] I’ Tau?
Overall 12 -0.87 | -1.24--0.50 | 55.6%; p=0.01 | 0.17
Inclusion Hb
<11.0 g/dl 9 099  -1.41--056 = 56.2%; p=0.02 0.18
>11.0 g/dl 3 063  -1.67-0.41 64.7%; p=0.06 0.49
F (between:within) F(1,10)0.76; p=0.41
Baseline Hb
<10.0 g/dl 7 113 -176--049  65.3%;p=0.01  0.39
<11.0 g/dl 2 -0.88  -1.35--0.40 0%; p=0.80 0
<12.0 g/dl 1 094  -1.76--0.12 NA 0
<14.5 g/dI 2 075 | B302-452 | 65.8%; p=0.09 194
F (between:within) F(s.8)0.36; p=0.79
Target Hb
<13.0 g/d 1 056 -0.74--0.39 NA 0
>13.0 g/dI 8 01  1.57--045  65.7%; p<0.01 039
NR 3 094 -1.93--005 0%; p=0.46 0
F (between:within) | F(2,90.20; p=0.82

Key: CI, confidence interval; ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR,
not reported; RCT, randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses identified significant differences in the chemotherapy treatments
subgroup (p=0.033). A study not reporting what chemotherapy was used was significantly
different from trials with mixed chemotherapy treatments, studies using platinum and studies
with non-platinum based chemotherapy (Figure 10). The study that did not report what type
of chemotherapy treatment was used (WMD -2.86, 95% CI -4.16 to -1.56; 1>=NA) appeared
to offer greater benefits compared to the platinum based therapy (WMD -1.11, 95% CI -1.58
to 0.64; 1°=0%, p=0.685), the non-platinum based therapy (WMD -0.56, 95% CI -0.73 to -
0.40; 1>=0%, p=0.971) and mixed chemotherapy treatment (WMD -0.76, 95% Cl -1.77 to
0.25; 1°=55.7%, p=0.080).

As stated in Section 4.1.6 (page 63) these analyses have to be interpreted with caution.
There is only one study in the subgroup not reporting what chemotherapy was used; in
addition the number of studies per subgroup is small (1-4; Figure 10). Thus the analyses
may not have statistical power to detect the effects of chemotherapy treatment and ESA on

RBC units transfused, if such effects exist.
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Figure 10. Forest plot: RBC units transfused by chemotherapy treatment (random

effects)

Study

Platinum based

Abels_Cisplatin (1993)

N, mean N, mean %

WMD (95% Cl) (SD); Treatment (SD); Control Weight

Ten Bokkel (1998) —_—————
Vansteenkiste (2002) —_—

Subtotal (l-squared = 0.0%, p = 0.685) Q

Non-platinum based
Abels_NonCisplatin (1993)

Osterborg (2005)

Tjulandin (2011)

Subtotal (I-squared =0.0%, p =0.971)

Not reported
Boogaerts (2003) N

Subtotal (I-squared =.%, p =.) O

Mixed therapy

Dammacco (2001) —
Grote (2005) ——
Kurz (1997) :

Thatcher (1999) !

Subtotal (I-squared = 55.7%, p = 0.080) <[>>

Overall (I-squared = 59.3%, p = 0.006)

NOTE: Weights are from random effects analysis

-0.45 (-2.56, 1.66) 64,3.56 (7.01)  61,4.01(4.87) 3.18
-0.94 (-176,-0.12) 45,.33(1.6)  33,1.27(1.97) 11.29
-1.25(-1.84,-0.66) 148, .67 (1.7)  149,1.92 (3.27) 14.41
1.1 (-1.58, -0.64) 257 243 28.88

-0.72(-2.00, 0.56) 79,2.03(3.88) 74,2.75(4.15) 6.86
-0.56 (-1.46, 0.34) 169, 2.66 (5.56) 173,3.22 (2.17) 10.33
-0.56 (-0.73,-0.39) 95,.48(48)  91,1.04(71) 19.93
-0.56 (-0.73, -0.39) 343 338 37.12

-2.86 (-4.16,-1.56) 133,2.11(3.78) 129,4.97 (6.53) 6.70
-2.86 (-4.16,-1.56) 133 129 6.70

-0.69 (-1.66,0.28) 66,1.49(2.73) 66,2.18(2.95) 9.55
0.10(-0.59,0.79) 109, .5 (3.6) 115, .4 (.7) 13.03
227 (-4.61,0.07) 23,1.43(38)  12,3.7(309) 2.66
-2.33(-5.03,0.37) 42,3.8(558) 44,6.13(7.13) 2.06
-0.76 (-1.77,0.25) 240 237 27.30

-0.87 (-1.28,-0.46) 973 947 100.00

Favours treatment

Favours control

Key: Cl, confidence interval; ID, identification; N, number of events/participants in treatment/control arms; WMD,

weighted mean difference

Summary: Overall, there is a statistically significant effect of ESA on RBC units transfused.
The weighted mean difference in RBC units was -0.87 (95% CI -1.28- -0.46), suggesting

that fewer units per participant were used in the treatment arm compared to controls. We

identified statistically significant heterogeneity between the trials (1°=59.3%, p=0.006);

however all but one of the individual studies indicated a beneficial effect of ESA with regard

to RBC units transfused. Overall, the data confirm results from prior analyses, there is only a

slight difference between the number of RBC units that intervention and control participants

receive.
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4.2.6.1.5. Anaemia-related outcomes: overall summary

Table 19. Anaemia-related outcomes results comparison: Wilson, 2007 vs Tonia, 2012
vs PenTAG 2013""°

Wilson, 2007° Tonia, 2012° PenTAG, 2013° PenTAG, 2013°
Anaemia-related outcomes
Hb change® | WMD 1.63 WMD 1.57 WMD 1.49 WMD 1.59

95% Cl 1.46-1.80 95% Cl 1.51-1.62 95% Cl 1.37-1.60 95% Cl 1.33-1.84

X2 het) 23.74; df 19 X ety 564.37; df 74 | X?(,y70.52; df 17 X% hey70.52; df 17

(p=0.21) (p<0.001) (p<0.001) (p<0.001)

10 trials, n=1,620 75 trials, n=11,609 18 trials, n=3,170 18 trials, n=3,170
HaemR RR 3.40 RR 3.39 RR 3.41 RR 3.29

95% Cl 3.01-3.83 95% Cl 3.10-3.71 95% Cl 2.96-3.92 95% Cl 2.84-3.81

X ety 23.60; df 32 X hety; 95.56; df 45 | X% 11.75; df 11 X ety 11.75; df 11

(p=0.86) (p<0.001) (p=0.383) (p=0.383)

21 trials, n=3,740 46 trials, n=6,413 12 trials, n=2,228 12 trials, n=2,228
RBCT RR 0.63 RR 0.65 RR 0.62 RR 0.63

95% Cl 0.58-0.67 95% Cl 0.62-0.68 95% Cl 0.58-0.67 95% Cl 0.57-0.69

X ey 94.75; df 48 X ey 217.08; df 87 | XPey 25.71; df 23 X2 ety 25.71; df 23

(p=0.001) (p<0.001) (p=0.315) (p=0.315)

35 trials, n=5,564 88 trials, n=16,093 24 trials, n=4,799 22 trials, n=4,799
Units WMD -1.05 WMD -0.98 WMD -0.64 WMD -0.87
transfused | 95% CI-1.32--0.78 | 95% CI-1.17--0.78 | 95% CI -0.79--0.48 | 95% Cl -1.28--0.46

X et 8.96; df 16 X ety 34.52; df 24 X ety 24.55; df 10 X ety 24.55; df 10

(p=0.91) (p=0.080) (p=0.006) (p=0.0086)

14 trials, n=2,353 25 trials, n=4,715 11 trials, n=1,920 11 trials, n=1,920

Key: Cl, confidence interval; df, degrees of freedom; haemR, haematological response; het, heterogeneity;
RBCT, red blood cell transfusion; RR, relative risk; WMD, weighted mean difference
Notes: (a) change from baseline to end of study; (b) fixed effects (Mantel-Haenzel); (¢) random effects (Der-
Simonian Laird); ), haematological response was defined as the proportion of participants with an increase in Hb
level of two g/dl or more, or as an increase in haematocrit of six percentage points or more; (d) the number of
trials includes multiple experimental arms for some studies.

Hb change was reported in 16 studies; all the studies indicated a beneficial effect of ESA

with regard to Hb change and varied only in magnitude. The overall EMD Hb increase was

1.59 g/dl. Hb change was not restricted to patients who were transfusion-free, therefore the

results may have been confounded by transfusion in some of the patients. HaemR was

defined as the proportion of participants with an increase in Hb level of two g/dl or more, or

as an increase in haematocrit of six percentage points or more, unrelated to transfusion. Ten

studies reported this outcome. This analysis showed that participants treated with ESAs

were three times more likely to experience a 2 g/dl increase in Hb than participants in the

control group. Sixty-three per cent (759/1,213) of participants who received ESAs had a

haemR, compared to 18% (182/1,015) of control patients.

The number of patients receiving RBCTs was the third outcome assessed to investigate the

effects of ESAs on cancer-treatment induced anaemia (including data from 22 trials). Data
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were reported for the trial period; the RR of receiving a RBCT was 0.63 in favour of ESAs,
equating to 22% of participants in the ESA treatment groups receiving RBCT in comparison
to 33% in the control groups. The number of transfusions per patient was also investigated.
Only 10 studies reported this outcome, and many of these data were received by the
Cochrane review through further questions to the trial authors. There was little difference

between ESA and control groups regarding the amount of blood transfused.

Effectiveness estimates were consistent with previously reported estimates for the anaemia-
related outcomes; Table 19. A graphical summary of study characteristics and results for

these outcomes is presented in Figure 11.

110
Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG CONFIDENTIAL
Figure 11. Anaemia-related outcomes: Graphical summary

Quality appraisal key

Trial Chemo Malignancy Note Design Duration Outcomes QA
e Random: _
o & concealment of bias (above)
F EE2a random allocation (below)
* E 5 o Dogpo 2
@ = CE o c 0 Baseline:
o m e
o = R 8 T 5:0 14 :C? & d@S baseline characteristics
Flat Epo Alfa N=206 Blinding:
nn.n blinding of clinicians (above)
Abels 1993  Non-Plat Haem N=413 Placebo N=190 | I | 1] blinding of patients (below)
Mo chemo Missing N=17 Losses:
ITT or <10% (above)
Epo Alfa N=64 oomo losses (below)
SG Plat N=132 1 { Placebo N=61 1 ® ¢ O O 1 B Positive quality check
Missing N=7 u Partial quality check
Epo Alfa N=79 D MNegative quality check
SG  Non-Plat N=157 { Placebo N=74 L1 ® ® O O n=E B4 ot reported
Missing N=4 Outcomes key
. Favours treatment
Epo Alfa N=24 ./ Favours control
Aravantinos 2003 Plat Solid N=47 { —_— 1 @ [ ] EE ol o
Control N=23 O Mon-significant outcome
Epo Beta N=133
Boogarts 2003 ? ? N=262 { | I S S | ® ©® © ¢ DEE
Control N=129
Epo Alfa N=69
Dammaco 2001  Mixed Haem N=145 3 { 1 ® ® & O En==
Placebo N=76
rHUEPO N=31
Del Mastro 1999 Non-Plat Solid N=62 4 —C L 1 ® @] nE
Control N=31

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Hb chg., Haemoglobin change; HaemR, haematological response ; RBCT, red blood cell transfusion ; units,
units transfused; Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-platinum; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.: Darbe
Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10: Latin sq. des.; 11:
Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.

111

Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG CONFIDENTIAL
Figure 11. Anaemia-related outcomes: Graphical summary (continued)

Quality appraisal key

Trial Chemo Malignancy Note Design Duration Qutcomes QA
Random:
& @x s E E 2w concealment of bias (above)
= % Y =2 = =] @ random allocation (below)
- = o o o | = T ©m = &
o = o~ A I s} o = o mom 3 Baseline:
HUEPO N=13 baseline characteristics
Dunphy 1999 Plat Solid N=30 —r Control N=14 L1 (@] DEE Blinding:
Missing N=3 bl?nd?ng of clin_icians (above)
blinding of patients (below)
Epo Alfa N=109 Fosdas
Grote 2005 Mixed Solid N=224 5 { I — ® ® O n=E ITT or <10% (above)
Control N=115 losses (below)
Darbe Alfa N=55 mOmO . Positive quality check
Hedenus 2002 ? Haem N=66 —C 1 : !
Pl acebo N=11 (= | | u Partial quality check

D Negative quality check
E Not reported
Outcomes key

. Favours treatment
" Favours control

O
[ | ]
]

Darbe Alfa N=22
Licenced dose N=33 5] — Ll | ES— O O O

S Placebo N=11

Darbe Alfa N=174

Hedenus 2003 ? Haem N=349 7 c Placebo N=170 | ® ® ©

Missing N=5 O Non-significant outcome

EN ON
o

]

[

Darbe Alfa N=198
Kotasek 2003 ? Solid N=249 { 1 --I:I
Placebo N=51 BH =N
Darbe Alfa N=17
Licenced dose N=68 _C L ® ® O - mo
Placebo N=31 Ed L]
Epo Alfa N=23
: 2 = —F [ ] |
Kurz 1997 : Solid N=35 8 _ | ® O @ O O EE

—— Placebo N=12

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Hb chg., Haemoglobin change; HaemR, haematological response ; RBCT, red blood cell transfusion ; units,
units transfused; Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-platinum; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.: Darbe
Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10: Latin sq. des.; 11:
Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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Figure 11. Anaemia-related outcomes: Graphical summary (continued)

Trial Chemo Malignancy Note Design Outcomes QA
&
§ o E 2o,
£ E b n B358
& - o 2 ® @ E @ BE 2
— [ax] d I pn o = o o oo O
Epo Alfa N=244
Littewood 2001 Non-Plat Solid & Haem N=375 9 c PlaceboN=115 L_—_ 1 @& @& @ (=]1=] | |
- | |
Missing=16
Epo Alfa N=131
8G Solid MN=202 { Placebo N=61 | IS I S— | ® O nn--
- L[
Missing N=10
Epo Alfa N=113
SG Haem N=173| { Placebo N=54 I S ® o m]m] | |
- | |
Missing N=6
Epo Alfa N=320
Moebus 2013 Non-Plat Solid N=643 10 Control N=305 ] [ |m]X] |
- O Bl
Missing N=18
Epo Beta N=169
Osterborg 2005 Non-Plat Haem N=349 11 c Placebo N=173 ® @ @ O n=E
Missing N=7
Epo Alfa N=110
Ray Coquard 2009 °? Solid & Haem N=218 { Control N=108 ® (= || -
- O COm
Missing N=5
Epo Alfa N=30
Silvestris 1995 72 Haem M=54 { Control N=24 | I E— | | x|m] |
- Od
Missing N=5
Epo Beta N=34
Strauss 2008 +Radio Solid N=74 { O n-D-
O Om

Control N=40

CONFIDENTIAL

Quality appraisal key

Random:
concealment of bias (above)
random allocation (below)

Baseline:
baseline characteristics

Blinding:
blinding of clinicians {above)
blinding of patients (below)

Losses:
ITT or =10% (above)
losses (below)

. Positive quality check
n Partial quality check
D MNegative quality check
E Mot reported

Qutcomes key

. Favours treatment
" Favours control
O Mon-significant outcome

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Hb chg., Haemoglobin change; HaemR, haematological response ; RBCT, red blood cell transfusion ; units,
units transfused; Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-platinum; Plat, platinum.
Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.: Darbe

Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10: Latin sq. des.; 11:

Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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Figure 11. Anaemia-related outcomes: Graphical summary (continued)

Trial Chemo  Malignancy Note Design Duration Outcomes QA Quality appraisal key
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o =] =2 & o e 3 Eeovm 3

random allocation (below)

Epo Beta licenced N=45

. Baseline:
y Epo Beta unlicenced N=42 [ =] =] : i
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Thatcher 1999 Plat Solid N=130 { Epo Alfa unlicenced N=44 L— | O O n= gore
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ITT or <10% (above)
EparThela 76 EOEE losses (below)
Tjulandin 2010 Plat Solid N=223 Epo Beta N=73 — O EE
Placebo N=74 . Positive quality check
Epo Theta N=76 EOEE n Partial quality check
113 L 1 ; ;
Ttz e { Placebo N=37 ® ® O (= | | D MNegative quality check
E Mot reported
Epo Beta N=73
Beta arm N=110 { L1 ® ® O =n== Qutcomes key
Placebo N=37
. Favours treatment
Epo Theta N=95 EOEE " Favours control
Tjulandin 2011 Non-Plat  Solid & Haem N=186 { | I ® @ O %
Placebo N=91 BH Em O Maon-significant outcome
Darbe Alfa N=356
Untch 2011 Non-Plat  Solid N=733 13 SN N & O EHE
Control N=377
Drabe Alfa N=156
Vansteenkiste 2004 Plat Solid N=314 10 c 1 ® @ o oomo
Placebo N =158 O mE

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Hb chg., Haemoglobin change; HaemR, haematological response ; RBCT, red blood cell transfusion ; units,
units transfused; Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-platinum; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.: Darbe
Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10: Latin sq. des.; 11:
Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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4.2.6.2. Malignancy-related outcomes

Malignancy-related outcomes: complete tumour response and overall survival. In addition

on study mortality was considered in this section.

4.2.6.2.1. Tumour response

We identified seven studies that measured a complete tumour response. Overall, the
analysis included seven trials with 1,909 participants. Two trials were newly identified in the

update searches (Strauss and colleagues, 2008; Untch and colleagues, 2011a,b).”>7""®

A complete tumour response was reported in 177 out of 1,003 participants in the ESA-
treated groups compared to 142 out of 906 in the control groups. The random effects meta-
analysis showed a RR of 1.10 (RR 1.10; 95% CI 0.86 to 1.41; see Figure 12) that was not
statistically significant. There was non significant heterogeneity between the trials (1°=37.5%,
p=0.143; X?=9.59, df =6, p=0.143); however the direction of effects of the individual studies
varied (Figure 12). Because there were only seven primary studies included in the meta-
analysis, the funnel plot analysis to assess whether publication bias was likely was not
conducted.® The fixed effects meta-analysis undertaken as a sensitivity analysis showed
similar non-significant results (RR 1.20, 95% C10.85to 1, 71; 1°=37.5%, p=0.143); the forest

plot of the analysis is included in Appendix L.

The previous HTA review (Wilson and colleagues, 2007;" using a fixed effects model)
suggested that ESAs have detrimental effects with regards to tumour response (RR 1.31;
95% Cl 1.08, 1.60). However, the Cochrane review (Tonia and colleagues, 2012") did not
find any differences between controls and treatments with regards to tumour response (RR
1.02; 95% CI 0.98, 1.06). It must be emphasised that the current analysis included only
studies complying with the licenced ESA dose, while the HTA review and the Cochrane
review did not apply any restrictions regarding the ESA posology. The HTA meta-analyses
included nine trials with 1,200 participants, and the Cochrane review included 19 trials with

5,002 participants.
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Figure 12. Forest plot: Tumour response (random effects)

Study Events, Events, %
ID RR (95% CI) Treatment Control Weight
|
I
Dammacco (2001) , 1.48 (0.72, 3.04) 15/64 10/63  8.99
|
I
Grote (2005) —_— 1.00 (0.58, 1.75) 20/109 21/115 13.20

Littlewood (2001)

2.27 (1.19, 4.35) 46/251 10/124 10.53

Osterborg (2005) 1.89 (0.65, 5.52) 9/154 5/162 4.64

Strauss (2008) —— 0.94 (0.65, 1.37) 18/29 23/35  20.93

Ten Bokkel (1998) —*——%— 0.91 (0.62, 1.33) 23/40 19/30  20.44
I

Untch (2011a,b ) — 0.90 (0.63, 1.30)46/356  54/377 21.27
|

Overall (I-squared = 37.5%, p = 0.143) <j> 1.10 (0.86, 1.41) 177/1003  142/906 100.00

NOTE: Weights are from random effects analysis

T T
1181 1 5.52
Favours control Favours treatment

Key: ClI: confidence intervals; Events, Treatment: number of events/ number of participants in treatment group;
Events, Control: number of events/ number of participants in control group; ID: identification; RR, risk ratio
Notes: Random effects meta-analysis (Der-Simonian—Laird)

Pre-specified subgroup analyses, and meta-regression models with subgroups as covariates

were not conducted because only seven trials were included in the meta-analysis.

In addition, Tonia and colleagues (2012)'° used additional quality criteria to assess the
quality of trials reporting data on tumour control. The study’s population had to be
homogenous (i.e. all participants had to have the same tumour type/stage), all participants
had to receive a predefined, identical anti-cancer therapy, and the study had to be designed
to assess tumour outcomes prospectively and/or tumour outcomes were defined as the
primary or secondary study outcome. Trials were also considered if the study was stratified
by treatment and /or by tumour type (tumour stage). Only two studies included in the current
review met the Tonia and colleagues (2012)'° additional criteria, Strauss and colleagues
(2008)”° and Untch and colleagues (2011a,b).”""®

Summary: Analyses suggest that treatment with ESA in patients with cancer-induced

anaemia did not have a significant effect on complete tumour response (RR of 1.10; 95% CI
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0.86 to 1.41). Fourteen per cent (177/1003) of participants who received ESA had a
complete tumour response, compared to 16% (142/906) of patients in control groups. There
was non significant heterogeneity between the trials (1>=37.5%, p=0.143), however the
direction of the effects of ESA with regard to tumour response varied across the individual
trials. The data from seven trials suggest no difference between patients treated with ESA
and patients in control groups with regard to tumour response. Overall, the data confirm

results from prior analyses.

4.2.6.2.2. Overall survival

For OS, data were extracted from the Cochrane review (Tonia and colleagues, 2012).° In
the Cochrane review reported hazard ratios (HRs) were based on individual patient data
(IPD). Where IPD were not available, the authors extracted HRs from the published study, or
calculated them from published reports including secondary analyses, using methods
reported in Parmar and colleagues (1998),** or from binary mortality data. OS was

calculated from the longest follow-up available and varied between studies.

OS data were available from 23 studies including 5,064 participants. Seven studies (Grote
and colleagues, 2005; Strauss and colleagues, 2008; Ray-Coquard and colleagues,
2009; Tjulandin and colleagues, 2010; Tjulandin and colleagues, 2011; Untch and

45,62,73-78

colleagues, 2011a,b; Moebus and colleagues, 2013) were newly identified. Two

studies (Abels and colleagues, 1993 and Tjulandin and colleagues, 2010)*>*

were split
into subsets, two studies (Kurz and colleagues, 1997 and Hedenus and colleagues,
2002)**%" reported zero events, and three studies (Ten Bokkel and colleagues, 1998;

Thatcher and colleagues, 1999; and Kotasek and colleagues, 2003)*°*

reported
events/effect size for combined treatment arm (studies evaluated different ESA doses) and
as such included unlicensed doses; as a result the number of included in the meta-analysis

is 18.

The overall survival estimate is provided in Figure 13 (HR 0.97, 95% CI1 0.83, 1.13). The
heterogeneity between trials was significant with an I of 42.4%; p=0.030 (X?=29.5, df=17,
p=0.030); the forest plot suggested that there was a tendency for smaller studies to favour
treatment (Figure 13). Funnel plot analysis Appendix L) identified one outlier (Dunphy and
colleagues, 1999)% and also suggested that smaller studies had a tendency to favour
treatment; a funnel plot without the outlier is presented in Appendix L. The Harbord test was

not performed, because raw data were not available.
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A meta-regression using publication year as a covariate (to assess the effect of publication
year on OS) showed that the effects of ESA on OS were independent from any effect of

publication year (p=0.60; the meta-regression plot is presented in Appendix L).

Figure 13. Forest plot: Overall survival (random effects)

Study %

ID ES (95% Cl) Weight
Abels_Cisplatin (1993) —OI— 0.68 (0.26, 1.77) 2.28
Abels_NonCisplatin (1993) — 1.11(0.45,2.73) 2.54
Boogaerts (2003) - 1.53 (0.72, 3.26) 3.40
Dammacco (2001) — 0.23 (0.06, 0.90) 1.22
Del Mastro (1999) o 0.36 (0.05, 2.53) 0.60
Dunphy (1999) > 0.14 (0.00, 6.82) 0.04
Grote (2005) - 1.17 (0.89, 1.54) 11.25
Hedenus (2003) - 1.32(0.98, 1.77) 10.64
Littlewood (2001) - 0.80 (0.61, 1.05) 11.32
Moebus (2013) - 0.97 (0.67, 1.41) 8.69
Osterborg (2005) > 1.04 (0.85, 1.36) 12.40
Ray Coquard (2009) - 0.79 (0.58, 1.08) 10.22
Strauss (2008) T 2.00 (0.65,6.13) 1.73
Tjulandin_Theta (2010b) — 0.28 (0.07, 1.08) 1.20
Tjulandin_Beta (2010a) * 0.34 (0.09, 1.26) 1.28
Tjulandin (2011) — 1.16 (0.34, 3.90) 1.48
Untch (2011a,b ) - 1.33 (0.91, 1.95) 8.48
Vansteenkiste (2002) * 0.79 (0.60, 1.04) 11.22
Overall (I-squared = 42.4%, p = 0.030) 0.97 (0.83, 1.13) 100.00

NOTE: Weights are from random effects analysis
T
1.0e-06

I
1.0e+06

-

Favours treatment Favours control

Key: ClI, confidence interval; ES effect size; ID, identification

Notes: (a) Der-Simonian Laird pooled RR; (b) Trial with multiple experimental arm split into subsets in the
analysis: Tjulandin and colleagues, 2010a,b reports data for epoetin theta (2010a) and epoetin beta (2010b)
and Abels and colleagues 1993 reported data for participants on platinum-based chemotherapy and non-
platinum based chemotherapy; (c) Effect sizes reported are hazard ratios; (d) IPD data as reported in Tonia and
colleagues, 2012 (Cochrane review): Abels and colleagues, 1993; Boogaerts and colleagues, 2003; Dammacco
and colleagues, 2001; Grote and colleagues, 2005; Hedenus and colleagues, 2003; Littlewood and colleagues,
2001; Osterborg and colleagues, 2002; Ray-Coquard and colleagues, 2009; Strauss and colleagues, 2008;
Vansteenkiste and colleagues, 2002. HRs reported for other trials calculated using other accepted methods.

To identify sources of heterogeneity, we performed subgroup analyses (Table 20). In
addition, meta-regression models that included random effect and subgroups as covariates

(to assess the effects of a subgroup on OS) were performed. The F statistics from these
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analyses are reported in Table 20. All covariates showing a significant effect (p<0.05) in a

univariate analysis were further considered in model selection.

Table 20. Overall survival: Subgroup analyses

Trials HR Cl I? Tau®

Overall 18 0.97 0.83-1.13 | 42.4%; p=0.03 0.04
mwg

<11.0 g/dI 10 091  070-120 51.7%;p=0.03  0.07
>11.0 g/dl 8 0.99 0.81-120  35.5%; p=0.15 0.02
F (between:within) : Fi1.160.09; p=0.77
Baseline Hb
<10.0 g/dI 11 0.88 0.71-1.08  53.0%; p=0.02 0.05
<11.0 g/dI 1 1.11 0.45-2.73 NA NA
<12.0 g/d| 1 200  065-1.13 NA ~ NA
<14.5 g/dI 4 120 096- 150 0%; p=0.56 0
NR 1 0.97 0.67 - 1.41 NA NA
F (between:within) : : Fiu130.78; p=0.56
Target Hb
<13.0 g/dI o 4 073 0.32-164  61.8%;p=0.05  0.41
>13.0 g/dI 12 097 082-114  46.6%;p=004 0.3
NR 2 088  046-170 0% p=047 0
F (between:within) F(2,150.03; p=0.97
Malignancy type
Solid tumours 9 096  074-125  46.3%;p=0.06  0.06
Haematological tumours 5101 073-140  485%; p=010 005
Mixed 4 0.84 0.69 - 1.02 0%; p=0.40 0
F (between:within) : F (.15 0.40; p=0.68

Chemotherapy treatment

Platinum-containing 4 0.67 0.46 - 0.98 14.5%; p=0.32 0.03
Non-platinum-containing 7 0.99 0.86 - 1.14 0%; p=0.42 0
NR 3 111 0.73-1.68  69%;p=0.04  0.09
Mixed 3 0.59 0.14-2.40 64.2%; 0.06 0.87
Chemo + Radio 1 200 065-6.14 NA 0
F (between:within) F4,13)1.33; p=0.31
Iron supplementation
No iron 12 096  079-1.17 38.9%;p=0.08  0.03
Iron in an intervention arm 1 133 091-195 NA 0
NR 5 087 | 061-123 540%p=007 007
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Trials HR cl I? Tau®
F (between:within) F(2150.72; p=0.50
Study design
RCT 11 092  075-1.13  524%;p=0.02  0.05
ROL 7 105 081-136  28.1%;p=0.21  0.03
F (between:within) F(1,16) 0.50; p=0.49
Study duration
6-9 wks 2 190  0.63-5.76 0%; p=0.51 0
12-16 wks 11 0.86 0.68-1.08  48.8%;p=0.03  0.05
17-20 wks 2 110 088-137  0%;p=043 0
>20 wks 3 110 0.72-167  66.4%; p=0.05  0.09
F (between:within) | | Fio.14)0.87; p=0.48
ESA
Erythropoetin 15 092  077-1.10 312%;p=0.12  0.03
Darbepoetin 3 1.10 0.77 - 1.58 74.6%; p=0.03 0.08
F (between:within) Fi1160.92; p=0.35

Key: Cl, confidence interval; ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR,
not reported; RCT, randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses did not identify any significant differences based on the pre-defined
subgroups (Table 20). The fixed effects meta-analysis undertaken as a sensitivity analysis,
showed similar results (HR 0.98, 95% CI 0.89, 1.08); the forest plot of this analysis is
included in Appendix L. Both fixed and random effects estimates suggested no difference in
OS between the control and treatment arms. Interestingly, the fixed effects estimate reported
in the recent Cochrane review (Tonia and colleagues, 2012)'° favoured controls,
suggesting that higher mortality occurred in patients treated with ESA; HR 1.05 (95% CI
1.00, 1.11). The previous HTA review (Wilson and colleagues, 2007) did not find a
significant difference between controls and treatments with regards to survival (HR 1.03;
95% Cl 0.92, 1.16)." It must be emphasised that the current analysis only included studies
complying with the licenced ESA dose, while the Cochrane review did not apply any
restrictions regarding the ESA posology. The Cochrane review included 76 studies in the on
overall survival meta-analysis; however subgroup analyses comparing studies using

licenced and unlicensed dose ESA dose were not conducted.

Summary: Analyses suggest that treatment with ESAs in patients with CIA did not have a
significant effect on overall survival. Thirty five per cent (818/2,317) participants who
received ESA had died, and 35% (744/2,137) of patients died in control groups. The risk of

death was 0.97 (HR 0.97, 95% CI 0.83, 1.13). However, there was significant heterogeneity
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between the trials (1°=42.4%, p=0.030). In addition, OS was calculated from the longest
follow-up available (no mnimum was required),as such, there was variation between the
studies (short- and long-term) and this should be considered when interpreting the results.
Overall, the data appear different to previous analyses. It appears that if the licenced ESA
dosage is followed, there are no detrimental effects of ESA on overall survival. However,
these results should be interpreted with caution, see Section 4.2.7 (page 149) for more

details.

4.2.6.2.3. On-study mortality

For on-study mortality, data were extracted from the Cochrane review (Tonia and
colleagues, 2012)." In the Cochrane review reported HRs were based on IPD. Where IPD
were not available, the authors extracted HR'’s from the published study, or calculated them
from data published in reports, including secondary analyses, using the methods reported in
Parmar and colleagues (1998)*. On-study mortality was defined as deaths occurring up to

30 days after the active study period.

Mortality data were available from 21 studies including 5,085 participants. Seven studies
(Grote and colleagues, 2005; Strauss and colleagues, 2008; Ray-Coquard and
colleagues, 2009; Tjulandin and colleagues, 2010; Tjulandin and colleagues, 2011;

Untch and colleagues, 2011; Moebus and colleagues, 2013)*°27378

were newly
identified. Two studies (Abels and colleagues, 1993 and Tjulandin and colleagues,
2010)*>** were split into subsets, six studies (Del Mastro and colleagues, 1999; Hedenus
and colleagues, 2002; Kurz and colleagues, 1997; Moebus and colleagues, 2013;

Strauss and colleagues, 2008 and Untch and colleagues, 2011a,b”>7"78)49626567

reported
zero events, and four studies (Hedenus and colleagues, 2002; Kotasek and colleagues,
2003; Ten Bokkel and colleagues, 1998; Thatcher and colleagues, 1999)*° reported
events/effect size for combined treatment arms (studies evaluated different ESA doses) and
as such included unlicensed doses. As a result the number of trials included in the meta-
analysis is 14 (including 2,967 participants). One study (Dunphy and colleagues, 1999)
reported mortality events in the control arm, while there were no deaths recorded in the

treatment arm; HR 0.14 (95% CI 0.00, 6.82).%°

The results from the on-study mortality meta-anlysis are provided below (Figure 14; HR 0.86,
95% Cl 0.67, 1.11). Heterogeneity between trials was not significant (1?>=16.4%, p=0.274;
X?=15.55, df=13, p=0.274); however the forest plot may suggest a tendency for smaller

studies to favour treatment (Figure 14). Similarly to overall survival data, funnel plot analysis
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(Appendix L) identified one outlier (Dunphy and colleagues, 1999)% and was also
suggestive of a tendency for smaller studies to favour treatment; a funnel plot without the
outlier is presented in Appendix L. The Harbord test was not performed, because raw data

were not available.

A meta-regression using publication year as a covariate (to assess the effect of publication
year on-study mortality) suggested that the effects of ESA on mortality were independent
from when the trial results were published (p=0.465; the meta-regression plot is presented in

Appendix L).

Figure 14. Forest plot: Mortality (random effects)

Study %
D HR (95% Cl) Weight
(]
Abels_Cisplatin (1993) — 0.68 (0.26, 1.77) 5.84
Abels_NonCisplatin (1993) — 1.11 (0.45, 2.73) 6.50
Boogaerts (2003) — 1.02 (0.42, 2.46) 6.73
Dammacco (2001) g | 0.23 (0.06, 0.90) 3.13
Dunphy (1999) I 0.14 (0.00, 6.82) 0.10
Grote (2005) —_ 0.79 (0.41, 1.52) 10.91
Hedenus (2003) —_— 2.40 (0.84, 6.87) 497
Littlewood (2001) <= 0.78 (0.46, 1.34) 14.62
Osterborg (2005) — 1.29 (0.71, 2.35) 12.48
Ray Coquard (2009) - 0.74 (0.40, 1.36) 12.08
Tjulandin_Beta (2010b) —0—:' 0.34 (0.09, 1.26) 3.29
Tjulandin_Theta (2010a) —o—i 0.28 (0.07, 1.08) 3.07
Tjulandin (2011) —_— 1.16 (0.34, 3.90) 3.80
Vansteenkiste (2002) — 1.06 (0.58, 1.92) 12.48
Overall (I-squared = 16.4%, p = 0.274) 0.86 (0.67, 1.11) 100.00
I
NOTE: Weights are from random effects analysis :
T 1 T
1.0e-06 1 1.0e+06
Favours treatment Favours control

Key: ClI, confidence interval; ID, identification; HR, Hazard ratio

Notes: (a) Der-Simonian Laird pooled HR; (b) Trial with multiple experimental arm split into subsets in the
analysis: Tjulandin and colleagues, 2010a,b reports data for epoetin theta (2010a) and epoetin beta (2010b)
and Abels and colleagues 1993 reported data for participants on platinum-based chemotherapy and non-
platinum based chemotherapy; (c) IPD data as reported in Tonia and colleagues, 2012 (Cochrane review): Abels
and colleagues, 1993; Boogaerts and colleagues, 2003; Dammacco and colleagues, 2001; Grote and
colleagues, 2005; Hedenus and colleagues, 2003; Littlewood and colleagues, 2001; Osterborg and colleagues,
2002; Ray-Coquard and colleagues, 2009; Vansteenkiste and colleagues, 2002. HRs reported for other trials
calculated using other accepted methods.
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The fixed effects meta-analysis undertaken as a sensitivity analysis showed similar results
(HR 0.87, 95% CI 0.70, 1.09); the forest plot of this analysis is included in (Appendix L). Both
fixed and random effects estimates suggested no difference in on-study mortality between
the control and treatment arms. Interestingly, the fixed effects estimate reported in the recent
Cochrane review (Tonia and colleagues, 2012)'° favoured controls, suggesting that higher
mortality occurred in patients treated with ESA (HR=1.17; 95% CI 1.03, 1.29). Again it must
be emphasised that the current analysis included only studies complying with the licenced
ESA dose, while the Cochrane review did not apply any restrictions regarding the ESA
posology. The Cochrane review included 64 studies in the on-study mortality meta-analysis
but subgroup analyses comparing studies using licenced and unlicensed ESA dose were not

conducted.

Pre-defined subgroup analyses were performed (Table 21). None of the studies with
available Hb response data included ovarian cancer patients. Therefore, the planned ovarian
cancer subgroup analysis was not completed. In addition, to assess the effects of subgroups
on mortality, meta-regression models were peformed which includedrandom effect and
subgroups as covariates; the F statistics from these analyses are reported in Table 21. All
covariates showing a significant effect (p<0.05) in a univariate analysis were further

considered in model selection.

Table 21. Mortality: Subgroup analyses

Trials HR Cl I? Tau®

Overall 14 0.86 0.67-1.11 | 16.4%; p=0.27 0.04
mcmsmm)g
<11.0 g/dl 10 0.89 0.61-1.30  37.7%; p=0.11 0.13
>11.0 g/dl 4 077 055-1.08 0%;p=0.98 0
F (between:within) | | Fi1.120.74; p=0.41
Baseline Hb
<10.0 g/dl 11 084  062-115 33.2%;p=0.13  0.09
<11.0 g/di 1 U441 045-273 NA o
<14.5 g/dl 2 0.78 0.41-1.50 0%; p=0.67 0
F (between:within) F2,11)0.14; p=0.87
Target Hb
<13.0 g/dl 3 0.50 0.20-1.22  29.7%; p=0.24 0.19
>13.0 g/dl 9 0.92 0.70-1.22 = 20.0%; p=0.27 0.04
NR 2 088 0.46 - 1.70 0%; p=0.47 0
F (between:within) : F2,11)0.89; p=0.44
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Trials HR Cl I’ Tau
Malignancy type
Solid tumours 0.71 0.44-1.15 17.6%; p=0.30 0.06
Haematological tumours 0.98 0.54 -1.79 52.7%; p=0.08 0.24
Mixed 0.83 0.58 - 1.17 0%; p=0.88 0
F (between:within) F(211)0.61; p=0.56
Chemotherapy treatment
Platinum-containing 4 0.64 0.34-1.18 36.0%; p=0.20 0.14
Non-platinum-containing 4 1.01 0.71-1.43 0%; p=0.65 0
NR 3 1.09 0.58 - 2.08 44.4%; p=0.17 0.14
Mixed 3 0.53 0.21-1.30 26.6%;p=0.26  0.21
F (between:within) Fis.10 1.06; p=0.41
Iron supplementation
Iron in both arms 0.89 0.63-126  25.6%; p=0.22 . 0.07
NR 0.82 0.55-1.21 14.5%; p= 0.32 0.03
F (between:within) F(1,12)0.09; p=0.77
Study design
Blinded (RCT) 11 0.86 0.63-1.17 33.0%; p=0.14 0.09
Unblinded (ROL) 3 0.82 049-135  0.0%; p=0.77 0
F (between:within) F1,12) 0.07; p=0.80
Study duration
6-9 wks 1 0.14 0 - 365.61 NA 0
12-16 wks 10 0.85 0.59 -1.23 39.6%; p=0.09 0.13
17-20 wks 1 0.79 0.41-1.52 NA 0
>20 wks 2 0.84 0.53 -1.32 0.0%; p=0.61 0
F (between:within) F(3.10)0.070; p=0.97
ESA
Erythropoetin 12 0.80 0.63 -1.02 1.0%; p=0.43 <0.01
Darbepoetin 2 1.42 0.66 - 3.05 43.0%; p=0.19 0.14
F (between:within) F1.122.51; p=0.14

Key: Cl, confidence interval; ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR,
not reported; RCT, randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses did not identify any significant differences based on the pre-defined

subgroups (Table 21).

Summary: Analyses suggest that treatment with ESA in patients with CIA did not have a
significant effect on mortality. Eleven per cent (174/1586) of participants who received ESA

had died within 30 days of the active study period, compared to 12% (164/1381) of patients
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in control groups. The risk of death was 0.86 (HR 0.86, 95% CI 0.67, 1.1). There was no
significant heterogeneity between the trials (1>=16.4%, p=0.274). Overall, the data appear

different to previous analyses. It appears that if the licenced ESA dosage is followed, there

are no detrimental effects of ESA on overall survival. However, these results should be

interpreted with caution, see Section 4.2.7 (page 149) for more details.

4.2.6.2.4. Malignancy-related outcomes: overall summary

Table 22. Malignancy-related outcomes results comparison: Wilson and colleagues,
2007 vs Tonia and colleagues, 2012 vs PenTAG 2013""°

Wilson, 2007° Tonia, 2012° PenTAG, 2013° PenTAG, 2013°
Malignancy-related outcomes
Tumour RR 1.31 RR 1.02 RR 1.20 RR 1.10
response 95% Cl 1.08-1.60 95% Cl 0.98-1.06 95% Cl 0.85-1.71 95% Cl 0.86-1.41
X2 ey NR; df NR X2 (het) 16.10; df 18 X ety 9.59; df 6 X ety 9.59; df 6
(p=NR) (p=0.59) (p=0.14) (p=0.14)
9 trials, n=1,260 19 trials, n=5,012 7 trials, n=1,909 7 trials, n=1,909
Overall HR 1.03 HR 1.05 HR 0.98 HR 0.97
survival 95% CI1 0.92-1.16 95% CI 1.00-1.11 95% Cl 0.89-1.08 95% C1 0.83-1.13
X et 37.74; df 27 X ety 95.40; df 75 X ety 29.50; df 17 X ety 29.50; df 17
(p=0.08) (p=0.060) (p=0.03) (p=0.03)
28 trials, n=5,308 76 trials, n=18.754 18° trials, n=4,399 18° trials, n=4,399
Mortality NR HR 1.17 HR 0.87 HR 0.86

95% Cl 1.03-1.29
X ety 59.49; df=63
(p=0.600)

64 trials, n=14,179

95% CI 0.70-1.09
X ey 15.55; df=13
(p=0.274)

14 trials. n=2,967

95% Cl 0.67-1.11
X ety 15.55; df=13
(p=0.274)

14 trials. n=2,967

Key: ClI, confidence interval; df, degrees of freedom; het, heterogeneity; RR, relative risk

Notes: The number of trials includes multiple experimental arms for some studies (a) fixed effects (Mantel-
Haenzel); (b) random effects (Der-Simonian Laird); ), haematological response was defined as the proportion of
participants with an increase in Hb level of two g/dl or more, or as an increase in haematocrit of six percentage
points or more; (c) 16 studies; however, two studies split into subsets thus 18 trials included in meta-analysis

Effectiveness estimates are compared with previously reported estimates for the

malignancy-related outcomes; see Table 22. A graphical summary of study characteristics

and results for these outcomes is presented in Figure 15.

Seven studies reported tumour response (complete response). Data available suggest that
ESAs do not have a beneficial effect on tumour control; however, the data are insufficient to
exclude detrimental effects. It should also be noted that this is a difficult area of assessment,

especially in a heterogenous mix of tumour types, and results should be treated with caution.

Survival estimates (HR) were available for 16 of the included studies; the HR (HR 0.98, 95%

Cl10.89, 1.08) differed from those previously reported (Table 22). In addition, statistically
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significant heterogeneity was identified (I 42.4%; p=0.03), which adds uncertainty to this
estimate. It was not possible to identify subgroups that were at higher or lower risk. In
addition, OS was calculated from the longest follow-up available (no mnimum was
required),as such, there was variation between the studies (short- and long-term) and this
should be considered when interpreting the results. On-study mortality was assessed in 12
studies. The risk of death was 0.86 (HR 0.86, 95% CI 0.67, 1.1); with no significant
heterogeneity between the trials (1°=16.4%, p=0.274).

Overall the results for malignancy-related outcomes seem to be different to previous
analyses. It appears that if the licenced ESA dosage is followed, there are no detrimental
effects of ESA on-study mortality or on overall mortality. However, these results should be
interpreted with caution. However, these results should be interpreted with caution, see
Section 4.2.7 (page 149) for more details.
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Figure 15. Malignancy-related outcomes: Graphical summary

Trial Chemo Malignancy Note Design Duration Outcomes QA Qual'w apprlsal ke‘-"'
£ 5 EZ2o " Random:
£ g 22Ty concealment of bias (above)
=1 =1 o @ o = M@= O :
o 2 & 80 = F xoml random allocation (below)
Plat Epo Alfa N=206 Baseline:
Abels 1993 Non-Plat  Haem N=413 ‘ Placebo N=190 L— 1 D=E baseline characteristics
Mo chemo Missing N=17 P
Blinding:
Eoo Alfa N=67 blinding of clinicians (above)
po Alfa N= i e L
T g { | | o o E=E blinding of patients (below)
Placebo N=65 L A
055e5:
ITT or <10% (above)
Epo Alfa N=81 oomo losses (below)
SG  Non-Plat N=157 L O 0
{ FIacEoN=78 uE B  rositive quality check
Epo Alfa N=24 n Partial quality check
Aravantinos 2003 Plat Solid N=47 —C | IS S DE D Meqgative quality check
Control N=23 9 quality
E Mot reported
Epo Beta N=132
Boogarts 2003 ? ? N=262 { ControlN=127 L— 1 O O DEE Outcomes key
KiEssing = ® Favours treatment
Epo Alfa N=69 alu] | | " Favours control
Dammaco 2001 Mixed Haem N=145 2 { 1 ® @ O o
Placebo N=76 O EN O Mon-significant outcome
rHUEPO N=31
Del Mastro 1999 Non-Plat Solid N=62 —C | S| O nE
Control N=31

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat,
non-platinum; OS, overall survival; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.:
Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10:
Latin sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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Figure 15. Malignancy-related outcomes: Graphical summary

Trial Chemo Malignancy Note Design Duration QOutcomes QA Qualit}r apprisal key
= 2 E T o
= =3 = o
g 2 8 ] '§ 2 Random:
& = 2 28 2 2 285 concealment of bias (above)
random allocation (below)
—  HuEPO N=15
Dunpny 1999 Plat Solid N=30 —< I o O DD- Baseline: o
——— Control N=15 E OO baseline characteristics
Blinding:
ERQANRIN=109 blinding of clinicians (above
Grote 2005 Mixed Solid N=224 { | I S | O O O D=E blinding o bl ks [blelclw] )
Control N=115 g o p
Losses:
Darbe Alfa N=55 ITT or =10% (above)
Hedenus 2002 ? Haem N=56 —<— | I | ED=E losses (below)
—— PLacebo N=11
. Paositive quality check
Darbe Alfa N=22 : ;
Licenced dose N=33 —\ﬁ | I O W] =] u Partial quality check
Placebo N=11 = L : ;
D Megative quality check
Darbe Alfa N=176 E Mot reported
Hedenus 2003 ? Haem N=349 c I o ﬂ-l:l
Placebo N=173 B EE Qutcomes key
e Al 2168 . Favours treatment
arte a N=
Kotasek 2003 2 Solid N=249 { L 1 -=E 2 Favours control
Placebo N=51
O Mon-significant outcome
—  Darbe Alfa N=17
Licenced dose N=68 _\L | | --I:I
Placebo N=51 B L
Epo Alfa N=23
Kurz 1997 ? Solid N=35 —_— — E-=
Placebo N=12

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-
platinum; OS, overall survival; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.:
Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10: Latin
sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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Figure 15. Malignancy-related outcomes: Graphical summary

Trial Chemo Malignancy Mote Design Duration Outcomes QA Quality appraisal key
5 2 8 £ 8 Random:
o o = 5 mom = B concealment of bias (above)
o — o~ a O (= oo m J £
random allocation (below)
Epo Alfa N=251 Baseline:
Placebo N=124
Blinding:
Epo Alfa N=131 oomm blinding of clinicians {abave)
SG Solid N=202 { Placebo N=61 — 1 O N blinding of patients (below)
Missing N=10
Losses:
Epo Alfa N=113 ITT or =10% (above)
sG Haem N=173 { Placebo N=54 N N I (=]=] | | losses (below)
] |
Missing N=6 . .
. Paositive quality check
Epo Alfa N=324 : .
Moeus 2013 NonPiat Soid _— L o WO O Partial qualty check
Control N=319 D MNegative quality check
Mot reported
Epo Beta N=173 E
Osterborg 2005 MNon-Plat Haem N=349 3 c 1 O O O n=E Outcomes key
Placebo N=176
. Favours treatment
Epo Alfa N=110
Ray Coquard 2009 7 Solid & Haem N=218 { Control N=108 1 O O EDEE " Favours control

Missing M=5 O Non-significant outcome

Epo Alfa N=30

Silvestris 19895 7 Haem MN=54 { Control N=24 | | x]m] |
S I |
Missing N=5
Epo Beta N=34
Strauss 2008 +Radio Solid N=74 —C L 1 O E-E=
Control N=40

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-
platinum; OS, overall survival; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 23: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.:
Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10:
Latin sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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Figure 15. Malignancy-related outcomes: Graphical summary

Trial Chemo  Malignancy Note Design Duration Outcomes QA Cualily apyiaisal key
& 5 E £Pg Random:
€2 g 2owa concealment of bias (above)
- o o @ =3 S T 8= 8 :
=) = & & 0 = F aom3 random allocation (below)
Epo Beta licenced N=45 Baseline:

Epo Beta unlicenced N=40
Control=30 .
Missing N=7 Blinding:

blinding of clinicians {above)
Epo Alfa licenced N=42 blinding of patients (below)
Epo Alfa unlicenced N=44 e — |

Control N=44

baseline characteristics

Ten Bokkel 1998 Plat Solid N=122 | Q

Ed

O
o0
[ =]

O
1]
O
n

Thatcher 1999 Plat Solid N=130 X

B
E
[

Losses:
ITT or =10% (above)

Epo Theta N=76 losses (below)
Epo Beta N=73 —_ 1
Placebo N=74

Tjulandin 2010 Plat Solid N=223

. Positive quality check
u Partial quality check

Epo Theta N=76 ; !
Theta arm N=113 —C | I | O O HONN D Megative quality check
Placebo N=37 O mm

E Mot reported

Epo Beta N=73 EOEE Qutcomes key

Beta am N=110

Placebo N=37 . Favours treatment

Epo Theta N=95 " Favours control
o O n== O Non-significant outcome

Tjulandin 2011 Mon-Plat  Solid & Haem N=186
Placebo N=91

Darbe Alfa N=345
Untch 2011 Mon-Plat  Solid N=733 4
Control N=369

Drabe Alfa N=159
‘“ansteenkiste 2004 Plat Solid N=320 5 | E— | O O =lsl 1o

FPlacebo N =161 O EE

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-
platinum; OS, overall survival; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.:
Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10:
Latin sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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4.2.6.3. Safety

Adverse events, as included in the Cochrane review (Tonia and colleagues, 2012)
thromboembolic events, hypertension, thrombocytopenia/haemorrhage, seizures and
pruritus (pruritus, rash and irritation were considered as defined in Tonia and colleagues,

2012"°), and red cell aplasia

There was considerable variability in the reporting of AEs among the included studies; e.qg.
some reported adverse events (AEs) in >5% of patients; some in >10% of patients; and
some the overall number of events. In addition, there was some variability in the definitions
of AEs used in the studies. Given the greater access to data than that reported in the
primary papers, data from the Cochrane review (Tonia and colleagues, 2012),"° were used
to conduct meta-analyses for the following adverse events: thromboembolic events,
thrombocytopenia and haemorrhage, hypertension, seizures and pruritus (defined as

pruritus, rash and irritation).

No studies were identified that reported red cell aplasia. In addition, this was safety outcome

was not analysed in the Cochrane review.

4.2.6.3.1. Thromboembolic events

We identified 14 studies that measured thromboembolic events, including 4,013 participants.
Of these, 2,029 participants were treated with ESAs. As one multi-arm study (Abels and
colleagues, 1993)** was split into subsets the number of studies displayed is 15. Five
included studies were newly identified in the update searches (Strauss and colleagues,
2008; Ray-Coquard and colleagues, 2009; Tjulandin and colleagues, 2011; Untch and
colleagues, 2011a,b; and Moebus and colleagues, 2013).%27*"® |f thromboembolic events
were not reported, we used data from the Cochrane review by Tonia and Colleagues
(2012)" in the PenTAG analyses. One study (Thatcher and colleagues 1999),*® did not
report any thromboembolic events in the treatment or placebo arms, therefore the number of

trials included in the meta-analysis is 14.

Moebus and colleagues (2013)% replaced Moebus and colleagues (2007) (used in
Tonia and colleagues, 2012'%), different number of thromboembolic events were used in
the PenTAG meta-analyses compared to the analysis in Tonia 2012. The Moebus and
colleagues (2013)% trial showed an increased risk for patients treated with ESA compared
to controls (RR 2.26 Cl 1.09-4.70), while no difference between treatment and controls was
reported in Moebus and colleagues (2007).%
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Thromboembolic events were reported in 103 out of 2,029 participants treated with ESAs
compared to 66 out of 1,984 participants in the control group. The random effects meta-
analysis showed a RR of 1.46 favouring controls (RR 1.46 95% CI 1.07 to 1.99; see Figure
16). There was no heterogeneity between the trials (1°=0%, p=0.733; X?=9.52, df=13,
p=0.733); with 11 studies indicating detrimental effects of ESA treatment, and three studies
indicating beneficial effects of ESA treatment with regard to thromboembolic events. To test
whether publication bias was present in the sample included in the meta-analysis, a funnel
plot was constructed (Appendix L). The funnel plot analysis did not show statistically
significant asymmetry (p=0.627). In addition, a meta-regression using publication year as a
covariate to assess the effect of publication year on thromboembolic events suggests that
the effects of ESA on thromboembolic events were independent from when the trial results

were published (p=0.871); the meta-regression plot is presented in Appendix L.

Figure 16. Thromboembolic events: overall (random effects)

Study Events, Events, %

D RR (95% CI) Treatment Control Weight
I

Abels_Cisplatin (1993) _‘——!— 0.73(0.27, 1.98) 6/67 8/65 9.37
I

Abels_NonCisplatin (1993) * ; 0.63 (0.1, 3.64) 281 3/76 3.03
]

Dammacco (2001) T 5.51 (0.66, 45.98) 5/69 176 2.09
|

Grote (2005) —_—— 1.15 (0.53, 2.50) 12/109 11/115 15.66
v

Hedenus (2003) : 5.79 (0.71, 47.62) 6175 11169 2.12

Littlewood (2001) —— 1.38 (0.51, 3.75) 14/251 5/124 9.44
|

Moebus (2013) —_—— 2.26 (1.09, 4.70) 22/309 101318 17.61
}

Osterborg (2005) : 3.05(0.13, 74.41) 1/170 0173 0.92
]

Ray Coquard (2009) —_— 1.22(0.34, 4.41) 5/110 4107 5.68
1
! S

Strauss (2008) T > 344 (0.14, 81.71) 1/33 0/38 0.94
I

Ten Bokkel (1998) : 3.70(0.18, 74.51) 2/45 0/33 1.04
I

Tjulandin (2011) + 0.32(0.01, 7.74) 0/95 1/91 0.93
'

Untch (2011a,b ) — 1.47 (0.78, 2.75) 20/318 17/396 23.74

Vansteenkiste (2002) —_—— 1.44 (0.47, 4.43) 71155 5/159 7.42
I

Thatcher (1999) : (Excluded) 0/42 0/44 0.00

Overall (I-squared = 0.0%, p = 0.733) @ 1.46 (1.07, 1.99) 103/2029 66/1984 100.00
}
}

NOTE: Weights are from random effects analysis |
|

T T
.0122 1 81.7
Favours treatment Favours control

Key: Cl, confidence interval; events, treatment, control, number of events/participants in the treatment and
control groups; ID, identification; RR, risk ratio

Notes: (a) Random effects (Der-Simonian Laird pooled RR); (b) Trial with multiple experimental arm split into
subsets in the analysis: Abels and colleagues 1993 reported data for participants on platinum-based
chemotherapy and non-platinum based chemotherapy
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The fixed effects meta-analysis undertaken as a sensitivity analysis showed similar results
favouring controls compared to ESA (RR 1.52, 95% Cl 1.13 to 2.05; [’=0%, p=0.733); the

forest plot of the analysis is included in Appendix L.

Pre-specified subgroup analyses were conducted (Table 23). In addition, meta-regression
models including random effect and a subgroup as a covariate to assess the effects of

subgroups on thomboembolic events were performed; the F statistics from these analyses
are reported inTable 23. All covariates showing a significant effect (p<0.05) in a univariate

analysis were further considered in a model selection.

Table 23.Thromboembolic events: Subgroup analyses

Trials RR Cl I? Tau®

Overall 14 1.46 1.08 - 1.99 0%; p=0.73 0
mcmswg
<11.0 g/dI 7 129  066-254  12.2%;p=0.34 0.10
>11.0 g/di 7 155 108-221 0% p=0.88 0
F (between:within) ' F(1,12=0.35; p=0.57
Baseline Hb :
<10.0 g/dI 8 134  082-221  0%;p=0.52 0
<11.0 g/dl 1 063  011- 364 NA 0
<12.0 g/di 2 358  040-3159 0% p=0.97 0
<14.5 g/dI 2 133 0.82-217 0% p=0.64 0
NR 1 226 109-470 NA 0
F (between:within) F4,0=0.53; p=0.72
Target Hb |
<13.0 g/dI 2 138  075-257  0%;p=0.36 0
>13.0 g/dI 10 173 172-254  0%; p=0.82 0
NR 2 070  029-168  0%p=088 0
F (between:within) ' : : Fin=1.75; p=0.22
Malignancy type
Solid tumours 6 159 1.09-232 0%;p=0.82 0
Haematological tumours .~ 5 157 057-4.34  351%;p=0.19  0.46
Mixed 3 1.21 0.57 - 2.61 0%; p=0.69 0
F (between:within) F2,11y=1.09; p=0.37
Ovarian cancer
Ovarian cancer 1 - 3.97 0.18 - 74.51 NA : 0
Other cancers K 145  1.06-197 0% p=0.69 0
F (between:within) ' | F112=0.61; p=0.45 |
Chemotherapy treatment
Platinum-containing 3 - 1.06 0.51-2.20 0%; p=0.47 : 0
Non-platinum-containing 6 157  1.04-237  0%;p=0.66 0
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Mixed 2 184 = 044-763  47.3%;p=0.17 = 0.60
+Radiotherapy 1 344 0.15 - 81.71 NA )
NR 2 212 0.48 - 9.47 37.4%;p=021  0.47
F (between:within) ' F4,0=0.63; p=0.65 '

Iron supplementation

Iron in both arms 7 1.86 1.13 - 3.07 0%; p=0.73 0
Iron in an intervention arm 1 147 0.78 -2.75 NA 0
NR 6 115 070-1.89 0%p=053 0
F (between:within) : ; F211,=0.21; p=0.82 ;

Study design

RCT 9 124 081-190 = 0%; p=0.55

ROL 5 1.74 1.12 - 2.69 0%; p=0.83 0
F (between:within) F(1,12=0.01; p=0.94

Study duration

6-9 wks 1 344  015-8171 NA 0
12-16 wks 8 124 072-243 0% p=0.45 0
17-20 wks 2 164  084-318  357%p=021  0.08
>20 wks 3 148  0.88-251 = 0%;p=0.83 0
F (between:within) F(3.10)=0.17; p=0.91

ESA :

Erythropoetin 11 140  096-204 0%; p=0.65 0
Darbepoetin 3 160 094-271 0% p=0.46 0
F (between:within) : F 112 =037; p=0.56

Key: ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR, not reported; RCT,
randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses did not identify any significant differences based on the pre-defined

subgroups (Table 23).

Summary: Analyses suggest that treatment with ESA in patients with CIA increases the risk
for thromboembolic events (RR 1.46; 95% CI 1.08 to 1.99). Five per cent (103/2,029)
participants who received ESA reported thromboembolic events, compared to 3% (66/1,984)
of patients in control groups. There was no heterogeneity between the trials (1°=0%,
p=0.733). Overall, the data confirm results from prior analyses; an increased risk of

thromboembolic events in patients with ESA compared to controls.

4.2.6.3.2. Hypertension

We identified ten studies that measured hypertension. Overall, the analysis included nine

studies with 2,032 participants; of these, 1,122 participants were treated with ESAs. As two

multi-arm studies (Abels and colleagues, 1993 and Tjulandin and colleagues, 2010)*>**
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were split into subsets the number of studies displayed is 12. Two included studies were
newly identified in the update searches (Tjulandin and colleagues, 2010 and Tjulandin
and colleagues, 2011).*>7® If hypertension was not reported, we used data from the

Cochrane review by Tonia and Colleagues (2012)"° in the PenTAG analyses.

Hypertension was reported in 62 out of 1,152 participants (5%) treated with ESAs compared
to 27 out of 934 participants (3%) in the control groups. The random effects meta-analysis
showed a risk ratio of 1.80 (95% CI 1.14 to 2.85; see Figure 17) favouring controls. There
was no statistical heterogeneity between the trials (1>=0%; X?=7.10, df=11, p=0.791);
however the direction of the effects of ESA with regard to hypertension varied across the
individual trials (Figure 17). To test whether publication bias was present in the sample
included in the meta-analysis, a funnel plot was constructed (Appendix L). The funnel plot
analysis did not show statistically significant asymmetry (p=0.689). In addition, a meta-
regression using publication year as a covariate to assess the effect of publication year on
hypertension suggests that the effects of ESA on hypertension were independent from when
the trial results were published (p=0.735); the meta-regression plot is presented in Appendix
L.
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Figure 17. Hypertension: overall (random effects)

Study Events, Events, %
ID RR (95% Cl) Treatment Control Weight
|
Abels_Cisplatin (1993) : 0.49 (0.09, 2.56) 2/67 4/65 7.66
Abels_NonCisplatin (1993) ! 1.88(0.35,9.95)  4/81 2/76 7.61
|
Dammacco (2001) 3 3.30 (0.35,31.03) 3/69 176 422
Littlewood (2001) : 4.45 (0.57,34.70) 9/251 1124 5.01
Osterborg (2005) b . 1.70 (0.76, 3.77) 15/170 9173 33.17
Silvestris (1995) : > 7.26 (0.41, 128.50) 4/30 0/24 2.56
Ten Bokkel (1998) : 1.95(0.21,17.85) 3/43 1/28 432
Thatcher (1999) i 3.14 (0.13,74.98) 1/42 0/44 210
Tjulandin_Beta (2010b) i 0.97 (0.09, 10.40) 2/76 1/37 377
|
Tjulandin_Theta (2010a) : 1.01(0.09, 10.82) 2/73 1/37 3.78
]
Tjulandin (2011) : 7.66 (0.98, 60.06) 8/95 1/91 4.99
Vansteenkiste (2002) —_— 1.54 (0.56,4.22) 9/155 6/159  20.79
Overall (I-squared =0.0%, p = 0.791) <> 1.80(1.14,2.85) 62/1152  27/934 100.00
i
NOTE: Weights are from random effects analysis 3
T T
.00778 1 129

Favours treatment Favours control

Key: Cl, confidence interval; events, treatment, control, number of events/participants in the treatment and
control groups; ID, identification; RR, risk ratio

Notes: (a) Random effects (Der-Simonian Laird pooled RR); (b) Trial with multiple experimental arm split into
subsets in the analysis: Tjulandin and colleagues, 2010a, b reports data for epoetin theta (2010a) and epoetin
beta (2010b) and Abels and colleagues 1993 reported data for participants on platinum-based chemotherapy and
non-platinum based chemotherapy

The fixed effects meta-analysis undertaken as a sensitivity analysis showed similar results
(RR 1.97, 95% CI 1.27 to 3.07; 12=0%, p=0.791); the forest plot of the analysis is included in
Appendix L.

Pre-specified subgroup analyses were conducted (Table 24). In addition, meta-regression
models including random effect and a subgroup as a covariate to assess the effects of
subgroups on hypertension were performed; the F statistics from these analyses are
reported in Table 24. All covariates showing a significant effect (p<0.05) in a univariate

analysis were further considered in a model selection.

Table 24. Hypertension: subgroup analyses

Trials | RR cl & Tau®
Overall 12 1.80 1.14 - 2.85 0%; p=0.79 0

Inclusion Hb
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<11.0 g/dl 1.68 1.03-2.74 0%; p=0.64
>11.0 g/dI 3.06 0.78-11.91 0%; p=0.86
F (between:within) F(1,10=0.07; p=0.79
Baseline Hb
<10.0 g/dl 9 1.76 1.07 - 2.89 0%; p=0.54 0
<11.0 g/dl 1 1.88 0.35-9.95 NA 0
<12.0 g/dl 1 1.95 0.21-17.85 NA 0
<14.5 g/dl 1 3.14 0.13-74.98 NA 0
F (between:within) Fs8=0.10; p=0.96
Target Hb
<13.0 g/dl 2.19 0.53-9.12 16.8%; p=0.30 0.27
>13.0 g/di 1.89 1.09 - 3.28 0%; p=0.94 0
NR 139 0.35-553  32.9%;p=0.23 0.49
F (between:within) F(20)=0.07; p=0.93
Malignancy type
Solid tumours 5 1.51 0.69 - 3.28 0%; p=0.97 0
Haematological tumours 5 1.63 0.88 - 3.02 0%; p=0.48 0
Mixed 2 5.83 1.36-2498  0%; p=0.71 0
F (between:within) Fz0)=4.07; p=0.06
Ovarian cancer
Ovarian cancer 1 1.95 0.21-17.85 NA 0
Other cancers 11 1.79 112-287 0%, p=0.72 0
F (between:within) F(1,10=0.14; p=0.71
Chemotherapy treatment
Platinum-containing 5 1.17 0.57 - 2.41 0%; p=0.81 0
Non-platinum-containing 4 2.20 1.15-4.19 0%; p=0.49 0
NR 1 7.26 0.41 - 128.50 NA 0
Mixed 2 3.25 0.52-2025 = 0%;p=0.99 0
F (between:within) F(3,8=3.07; p=0.0§
Iron supplementation
Iron in both arms 6 213 1.13-3.99 0%; p=0.55 0
No iron supplementation 1 3.14 0.13 -74.98 NA 0
NR 5 1.44 0.72-286  0%;p=0.552 0
F (between:within) F26)=0.96; p=0.42
Study design
RCT 1.70 1.05-2.76 0%; p=0.65 0
ROL 317  068-1472 = 0%;p=0.77 0
F (between:within) Fi1.10)=0.84; p=0.38
Study duration
12—-16 wks 8 1.61 0.98 - 2.64 0%; p=0.66 0
>20 wks 4 358 = 1.05-1224 = 0%;p=0.90 0
F (between:within) F1.10=1.69; p=0.22
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ESA

Erythropoetin 11 1.88 1.12-3.15 0%; p=0.73 0
Darbepoetin 1 1.54 0.56-422 NA

F (between:within) F(1,10=0.38; p=0.55

Key: ESA, erythropoiesis stimulating agents; Hb, haemoglobin; NA, not applicable; NR, not reported; RCT,
randomised controlled trial; ROL, randomised open label (standard care); wks, weeks.

Univariate analyses did not identify any significant differences based on the pre-defined

subgroups (Table 24).

Summary: Analyses suggest that treatment with ESAs in patients with CIA increases the
number of hypertension events (RR 1.80 95% CI 1.14 to 2.85). Five per cent (62/1,152) of
participants who received ESA reported hypertension, compared to 3% (27/934) of
participants in control groups. There was no heterogeneity between the trials (1*>=0%,
p=0.791). Overall, the data confirm results from prior analyses; an increased risk of

hypertension in patiens with ESA compared to controls.

4.2.6.3.3. Thrombocytopenia/haemorrhage

Data for thrombocytopenia (decrease of platelets in the blood)/haemorrhage were available
from seven studies. Overall, the analysis included seven studies with 1,715 participants. If
thrombocytopenia/haemorrhage was not reported, data were obtained from the Cochrane

review by Tonia and Colleagues (2012).™

Thrombocytopenia/lhaemorrhage was reported in 55 out of 877 participants treated with
ESAs compared to 54 out of 838 participants in the control groups. The random effects
meta-analysis showed a RR of 0.93 (95% CI 0.65 to 1.34; see Figure 18) that was not
statistically significant. There was no statistical heterogeneity between the trials (1*=0%;
X?=3.02, df=6, p=0.807); however the direction of the effects of ESA with regard to
hypertension varied across the individual trials. Because there were only seven primary
studies included in the meta-analysis, the funnel plot analysis to test whether publication

bias was present was not conducted.>
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Figure 18. Thrombocytopenia/haemorrhage: overall (random effects)

Study Events, Events, %

ID RR (95% ClI) Treatment Control ~ Weight
|
|

Boogaerts (2003) —_— 0.60 (0.26, 1.39) 8/133 13/129  18.71
|
|

Dammacco (2001) r 1.10 (0.33, 3.64)  5/69 5/76 9.38
|
|
|

Del Mastro (1999) : 1.00 (0.27, 3.65) 4/31 4/31 8.02
|
|

Littlewood (2001) o e— 0.99 (0.46,2.14)  18/251 9/124 22.59
|
I

Strauss (2008) < T 0.29 (0.03,2.45) 1/33 4/38 293
|
I
|

Thatcher (1999) ! 1.28 (0.59,2.77) 11/42 9/44 22.46
I
|

Untch (2011a,b) 1.00 (0.40,2.49) 8/318 10/396  15.92
|

Overall (I-squared =0.0%, p = 0.807) <> 0.93 (0.65, 1.34)  55/877 54/838  100.00
|
|
|

NOTE: Weights are from random effects analysis :

T ‘ T
.0338 1 29.6

Favours treatment Favours control

Key: ClI, confidence interval; events treatment control, number of events/participants in the treatment and control
groups; ID, identification; RR, risk ratio
Notes: (a) Random effects (Der-Simonian Laird pooled RR)

The fixed effects meta-analysis undertaken as a sensitivity analysis showed similar non-
significant results (RR 0.91, 95% CI 0.63, 1.30; see Appendix L).

Pre-specified subgroup analyses and meta-regressions models with subgroups as

covariates were not conducted because only seven trials were included in the meta-analysis.

Summary: Analyses suggest that treatment with ESAs in patients with cancer indused
anaemia did not have an effect on thrombocytopenia’/haemorrhage (RR 0.93 95% CI 0.65 to
1.34). Six per cent (55/877) of participants who received ESA reported
thrombocytopenia/haemorrhage, and 6% (54/838) of participants in control groups reported
thrombocytopenia/haemorrhage. There was no heterogeneity between the trials (1>=0%,
p=0.807). Overall, the data seem to be different to previous analyses. Data suggest that
ESAs do not have a detrimental effect on thrombocytopenia/haemorrhage. However, these

results should be interpreted with caution, see Section 4.2.7 (page 149) for more details.
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4.2.6.3.4. Seizures

Data on seizures were available from one study (Abels and colleagues, 1993)>* including
289 participants. As this trial was split into subsets the number of studies in the Forest plot is
two. If seizure was not reported, we used data from the Cochrane review by Tonia and
Colleagues (2012)'° in the PenTAG analyses.

Overall, five events of seizure were reported in the ESA-treated group (n=148) and four
events in the control group (n=141), resulting in a RR of 1.19 (RR 1.19; 95% CI 0.33 to 4.38;
see Figure 19). There was no heterogeneity between the trials (1>=0%, p=0.742; X?=0.11,
df=5, p=0.742); although the two included trials indicated effects in opposite directions.
Because there were only two primary studies included in the meta-analysis, the funnel plot
analysis to test whether publication bias was present was not conducted.”® The fixed effects
meta-analysis undertaken as a sensitivity analysis showed similar non-significant results (RR
1.19, 95% CI 0.33, 4.35; 1’=0%, p=0.742; Appendix L).

Pre-specified subgroup analyses and meta-regression models with subgroups as covariates

were not conducted because only two trials were included in the meta-analysis.

Figure 19. Seizures: overall (random effects)

Study Events, Events, %
ID RR (95% Cl) Treatment Control ~ Weight
Abels_Cisplatin (1993) > 1.46 (0.25, 8.43) 3/67 2/65 54.82

Abels_NonCisplatin (1993) 0.94 (0.14, 6.50) 2/81 2/76 45.18

Overall (I-squared = 0.0%, p = 0.742) <> 1.19(0.33,4.38) 5/148 41141 100.00

NOTE: Weights are from random effects analysis

T T
19 1 8.43

Favours treatment Favours control

Key: Cl, confidence interval; events, treatment, control, number of events/participants in the treatment and
control groups; ID, identification; RR, risk ratio

Notes: (a) Der-Simonian Laird pooled RR; (b) Trial with multiple experimental arm split into subsets in the
analysis: Abels and colleagues 1993 reported data for participants on plat-based and non-plat based chemo
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Summary: Analyses suggest that treatment with ESAs in patients with CIA did not have a
significant effect on seizures (RR of 1.19; 95% CI 0.33 to 4.38). Less than 1% (5/148) of
participants who received ESAs had a seizure, similarly less than 1% (4/141) of participants
in control groups had a seizure. There was no heterogeneity between the trials (1>=0%,
p=0.742). While data from one study suggests that ESAs do not have a detrimental effect on
seizures, there was no significant difference between groups. The possibility of detrimental
effects of ESAs on the number of seizures, however, can not be excluded. Overall, the data

confirm results from prior analyses.

4.2.6.3.5. Pruritus (pruritus, rash and irritation)

We identified seven studies that measured pruritus (pruritus, rash and irritation were
considered; Tonia and colleagues, 2012'°) including 904 participants. Of these, 450
participants were treated with ESA. Two included studies were newly identified in the update
searches (Strauss and colleagues, 2008; Tjulandin and colleagues, 2011).”>® If pruritus
events were not reported, we used data from the Cochrane review by Tonia and
Colleagues (2012)'° in the PenTAG analyses. One study (Kurz and colleagues 1997),%’
did not report any events of pruritus in the treatment and placebo arms, therefore the

number of trials included in the meta-analysis is six.

The random effects meta-analysis showed a risk ratio of 2.04 (RR 2.04; 95% CI 1.11 to 3.75;
see Figure 20) favouring controls. There was no heterogeneity between the trials (1>=0%,
p=0.872; X?=1.83, df=5, p=0.872); with all of the individual studies indicating a detrimental
effect of treatment with ESA with regard to the number of pruritus. Because there were only
six primary studies included in the meta-analysis, the funnel plot analysis to test whether
publication bias was present was not conducted.*® The fixed effects meta-analysis
undertaken as a sensitivity analysis showed similar results (RR 2.16; 95% CI 1.18 to 3.92;

1°=0%, p=0.872); the forest plot of the analysis is included in Appendix L.
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Figure 20. Pruritus: overall (random effects)

Study Events, Events, %

ID RR (95% CI) Treatment Control Weight
i
|

Abels_Cisplatin (1993) —— 3.40 (0.73, 15.74) 7/67 2/65 15.72
I
I

Del Mastro (1999) r 5.00 (0.25, 100.08) 2/31 0/31 4.12
|
|
I

Osterborg (2005) ‘ 5.09 (0.25, 105.20) 2/170 0/173  4.03
|
|

Strauss (2008) L 3.44 (0.14, 81.71) 1/33 0/38 3.69
|
|

Thatcher (1999) —_— 1.31(0.38,4.55) 5/42 4/44 23.87
|
I

Tjulandin (2011) —_1 1.78 (0.74,4.26)  13/95 7/91 48.57
|
I

Kurz (1997) | (Excluded) 0/12 0/12 0.00
I

Overall (l-squared =0.0%, p =0.872) <> 2.04 (1.11,3.75)  30/450 13/454  100.00
|
|
|

NOTE: Weights are from random effects analysis !

T ‘ T
.00951 1 105

Favours treatment Favours control

Key: Cl, confidence interval; events, treatment, control, number of events/participants in the treatment and
control groups; ID, identification; RR, risk ratio
Notes: (a) Random effects (Der-Simonian Laird pooled RR)

The pre-specified subgroup analyses and meta-regressions models with subgroups as

covariates were not conducted because only six trials were included in the meta-analysis.

Summary: Analyses suggest that treatment with ESA in patients with cancer treatment
induced anaemia increases the number of cases of pruritus (RR 2.04; 95% CI 1.11 to 3.75).
Seven per cent (30/450) participants who received ESA reported pruritus, compared to 3%
(13/454) of patients in control groups. There was no heterogeneity between the trials (1>=0%,
p=0.872), with all of the individual studies indicating a detrimental effect of treatment with
ESAs with regard to pruritus. Overall, the data seem to be different to previous analyses.
Data suggest that ESAs increase the number of cases of pruritus in patients with
chemotherapy induced anaemia. The definition of pruritus considered pruritus, rash and
irritation (as defined in the Cochrane review [Tonia and colleagues, 2012"°]). The marked
variation in event rates may be due to the definition of pruritus. However, these results

should be interpreted with caution, see Section 4.2.7 (page 149) for more details.
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4.2.6.3.6. Safety-related outcomes: summary

Table 25. Safety-related outcomes results comparison: Wilson, 2007 vs Tonia, 2012 vs

PenTAG 2013""°

Wilson, 2007° | Tonia, 2012° PenTAG, 2013° | PenTAG, 2013°

Safety-related outcome
Thromboembolic NR RR 1.52 RR 1.52 RR 1.46
events 95% Cl 1.34-1.74 95% CI 1.13-2.05 | 95% CI1 1.07-1.99

XPhet 34.99; df 55 | X2y 9.52; df 14 | X(ey 9.52; df 14

(p=0.980) (p=0.872) (p=0.872)

60 trials, n=15,498 | 15° trials, n=1,984 | 15 trials, n=1,984
Hypertension NR RR 1.30 RR 1.97 RR 1.80

95% CI 1.08-1.56 95% CI 1.27-3.07 | 95% Cl 1.14-2.85

X ey 26.87; df 34 X ey 7-10; df 11 X ety 7.10; df 11

(p=0.800) (p=0.791) (p=0.791)

35 trials, n=7,006 10 trials, n=2,032 10 trials, n=2,032
Thromobocytopenia/ | NR RR 1.21 RR 0.91 RR 0.93
haemorrhage 95% Cl 1.04-1.42 95% C10.63-1.30 | 95% CI 0.65-1.34

X ety 14.50; df 20 X et 3.02; df 11 X ety 3.02; df 11

(p=0.800) (p=0.807) (p=0.807)

21 trials, n=4,220 7 trials, n=1,715 7 trials, n=1,715
Seizure NR RR 0.77 RR 1.19 RR 1.19

95% Cl1 0.42-1.41 95% C10.33-4.35 | 95% CI1 0.33-4.38

X (he)6.19; df 6 X ety 0.11; df 1 X2 ey 0.11; df 1

(p=0.400) (p=0.742) (p=0.742)

7 trials, n=2,790 2 trials, n=289 2 trials, n=289
Pruritus NR RR 1.49 RR 2.16 RR 2.04

95% CI1 0.99-2.24 95% CI 1.18-3.92 | 95% CI 1.11-3.75

Xz(het) 13.18; df 15 Xz(het) 1.83;df 5 Xz(het) 1.83; df 5

(p=0.590) (p=0.872) (p=0.872)

16 trials, n=4,346 7° trials, n=904 7° trials, n=904
Key: ClI, confidence interval; df, degrees of freedom; het, heterogeneity; HR, hazard ratio; RR, relative risk
Notes: (a) change from baseline to end of study; (b) fixed effects (Mantel-Haenzel); (¢) random effects (Der-
Simonian Laird); (d) one study was excluded as no events were reported in treatment and placebo arms; (e) the
number of trials includes multiple experimental arms for some studies

Overall, data suggest increased risk for thromboembolic events and hypertension consistent

with previous estimates (Table 25). Data for seizures are also consistent with previous meta-

analyses, showing no effects of ESA on seizures (Table 25). Of note is that all adverse

effects are relatively rare compared to other outcomes considered in this report (eg. RBCT,

Hb change and mortality).

The PenTAG analyses suggest an increased risk of pruritus; a significant diffrence between

patients treated with ESA compared to participants in control arms was found (RR 2.04; 95%

Cl 1.11 to 3.75). In comparision, the Cochrane review (Tonia and colleagues, 2012)' did

not find significant diffrences between patients treated with ESA and in control arms (RR
1.49; 95% CI 0.99 to 2.24). It must be highlighted, that both the current review and the
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Cochrane review (Tonia and colleagues, 2012)'° combined events of skin rash, irritation
and pruritus, in the meta-analyses. However, the rates of skin rash, irritation and pruritus
may differ and the way this outcome has been defined may be the cause of the marked

variation in event rates..

Also the summary estimate for risk of thrombocytopenia/haemorrhage associated with ESA
treatment found in the PenTAG review was RR of 0.93 (RR 0.93; 95% CI 0.65 to 1.34)
suggesting that treatment with ESAs in patients with cancer indused anaemia did not have
an effect on thrombocytopenia/haemorrhage. However the Cochrane review (Tonia and
colleagues, 2012)" found RR of 1.21 (RR 1.21; 95% CI 1.04 to 1.42) suggesting

detrimental effects of ESA on thrombocytopenia/haemorrhage.

It must be emphasised that the current analyses included only studies complying with the
licenced ESA dose, while the Cochrane review did not apply any restrictions regarding the
ESA posology. However, these results should be interpreted with caution, see Section 4.2.7)

for more details.

A graphical summary of study characteristics and results for the safety outcomes is

presented in Figure 21.
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Figure 21. Safety-related outcomes: Graphical summary

Trial Chemo Malignancy Note Design Duration Outcomes QA Quality appraisal key
- & Random:
g 2 £ concealment of bias (above)
2 § 8 o Elo, random allocation (below)
§ 8 5 3 5 2338
E = = @ © £ 3 Baseline:
e & & 8EFE T F & ¢ 2888 :

baseline characteristics

Plat Epo Alfa N=206
Abels 1993 Non-Plat  Haem N=413 c Placebo N=190 L1 D=E Blinding:
No chemo Missing N=17 bl!nd!ng of +:||n_|1:|ans (abaove)
blinding of patients (below)
Epo Alfa N=67
SG  Plat N=132 { ’ [ O 0 'olNe) oomo Losses:
Placebo N=65 3 HE ITT or <10% (above)
losses (below)
Epo Alfa N=81
SG  Non-Plat N=157 { | | O O O n=n . Positive quality check
Placebo N=76
n Partial quality check

EpO.ALa M= Megative quality check

Aravantinos 2003 Plat Solid N=47 —C | I — DE D 4 4 Y
Control N=23 E Not reported
Epo Beta N=133 ooono QOutcomes key

Boogarts 2003 7 3 N=262 { L o) St R e B
Control N=129 ] . Favours treatment

" Favours control

Epo Alfa N=69

Dammaco 2001 Mixed Haem N=145 { 1 O O O En== O Non-significant outcome
Placebo N=76
rHUEPO N=31

Del Mastro 1999 Non-Plat Solid N=62 { 1 (@] (@] nE

Control N=31

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-
platinum; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.:
Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10:
Latin sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.
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Figure 21. Safety-related outcomes: Graphical summary (continued)

Trial Chemo Malignancy MNote Design Duration Outcomes [=7.1 Quality ppraisal ke)r
= % Random:
E -§ £ concealment of bias (above)
e € £ & EEg @ random allocation (below)
£ &8 8 & § sz:%
= = = 8 F £ £ @ £ caxl Baseline:
e M baseline characteristics
Dunphy 1999 Plat Solid N=30 T Control N=14 — DEB Blinding:
Missing N=3 blinding of clinicians {above)
blinding of patients (below)
Epo Alfa N=109
Grote 2005 Mixed Solid N=224 { —_ o n=E Losses:
Control N=115 ITT or =10% (above)
losses (below)
Darbe Alfa N=55
Hedenus 2002 ? Haem N=66 %_ [ ED=E . Positive quality check
PLacebo N=11 ! )
n Partial quality check
Darbe Alla N=22 Megative quality check
scanced asss T L mOomo L] tegatie aualty
S Placebo N=11 <] Mot reported
Darbe Alfa N=175 EmOEDO Outcomes key
edernss: 5005 5 e ricaiG B bltEG
c o ] | ® Favours treatment
Missing N=5
f‘ Favours control
Darbe Alfa N=198
Kotasek 2003 ? Solid N=249 { | I -=2 O Mon-significant outcome
Placebo N=51
——— Darbe Alfa N=17
Licenced dose M=58 —<— —_ -.n
Placebo N=51 B2 Em
Epo Alfa N=23 -
Kurz 1997 7 Solid N=35 J [ o HEEE
= (=]

Placebo N=12

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-plat, non-
platinum; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 : Hb chg.:
Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 & PBO N=124; 10: Latin
sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control N=24; 13: Hb chg.: Darbe Alfa N=330 & PBO N=359.

146

Commercial in confidence information is redacted
Academic in confidence information is redacted



PenTAG CONFIDENTIAL
Figure 21. Safety-related outcomes: Graphical summary (continued)

Trial Chemo  Malignancy Note Design Duration Outcomes QA Quality appraisal key
. E Random:
o g ] concealment of bias (above)
.é g é e é E g 2 random allocation (below)
e o £ &8 B 3 8 § | ¥ g Baseline:
o — ™~ g e - = - wr [: 4 X o @ 2 ; s
baseline characteristics
Epo Alta N=251 P
Littiewood 2001 Non-Plat Sold & Haem N=375 - L 1 00O mln] | | Blinding:
Placebo N=124 ] | blinding of clinicians (above)
blinding of patients (below)
E?D Alta N= 1‘31 oomm Losses:
SG Sobd N=202 Placebo N=61 L 1] ITT or <10% (above)
Missing N=10 losses (below)
= i =11 agn .
Epo AN =113 (=] | | . Positive quality check
SG Haem N=173 Placebo N=54 — 6 mm
Missing N=6 n Partial quality check
Epo Alfa N=305 D MNegative quality check
Moebus 2013 Non-Piat  Solid N=643 : Control N=288 L o Eﬂ= B4 Not reported
Missing N=50
Qutcomes key
Epo Beta N=170
Osterborg 2005 MNon-Plat Haem N=349 c Placebo N=173 L1 o 0 o ﬂﬂ=E [ Favours treatment
Missing N=6 /] Favours control
Epo Alfa N=110 O MNon-significant outcome
Ray Coquard 2009 7 Solid & Haem N=218 { Conftrol N=108  L—1 (o] EDBE
Missing N=35
Epo Alta N=30 mEm
Silvest 1995 7 =54 —_— C =24 et 13
vestris L Haem N < Control N=2 (o] oo
Missing N=5
Epo Beta N=33
Strauss 2008 +Radio  Solid N=74 —C Control N=38 L o O (o) E.g=
Missing 3

Key: Chemo, chemotherapy: ?: unknown. Duration, recorded in weeks; Outcomes: Darbe, darbepoetin; Epo, epoetin; Haem, haematological; N: Number of participants; Non-
plat, non-platinum; Plat, platinum.

Notes: 1: Hb chg.: Epo Alfa N=63; 3: HaemR & units: Epo Alfa N=66 & PBO N=66; 4: Hb chg.: rHUEPO N=28 & Control N=24; 5: Hb chg.: Epo Alfa N=64 & Control N=58; 6 :
Hb chg.: Darbe Alfa N=17 & PBO N=6; 7: RBCT: Darbe Alfa N=167 & PBO N=165; 8: HaemR = participants with inc. 22 g/dl and/or Hb>12 g/dl; 9: RBCT: Epo Alfa N=251 &
PBO N=124; 10: Latin sq. des.; 11: Hb chg.: Epo Beta N=138 & PBO N=142; 12: Hb chg.: licenced Epo Alfa N=34 & Control