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1 Optimal combination and sequence of

> treatments in patients presenting with

3 metastatic colorectal cancer in the liver

+ amenable to treatment with curative intent

5 This evidence review supports recommendations 1.5.3 to 1.5.4.

6 Review question
7 What is the optimal combination and sequence of treatments in patients presenting with
8 metastatic colorectal cancer in the liver amenable to treatment with curative intent?

9 Introduction

10 Surgical resection is the standard mode of treatment for colorectal liver metastases.

11 However, questions have been raised on whether it is better to do a simultaneous or staged
12 resection of the primary tumour and the liver metastases, if chemotherapy is beneficial in

13 addition to liver resection, and whether treatment methods other than surgical resection

14 could be used to treat colorectal liver metastasis. The aim of this review is to find out what is
15 the optimal combination and sequence of treatments in patients with metastatic colorectal
16 cancer in the liver amenable to treatment with curative intent.

17 Summary of the protocol

18 Please see Table 1 for a summary of the population, intervention, comparison and outcomes
19 (PICO) characteristics of this review.

20 Table 1: Summary of the protocol (PICO table)

Adults with colorectal cancer with metastases in the liver amenable
to treatment with curative intent at presentation

Subgroups:

Primary colorectal tumour is
e symptomatic or asymptomatic
o right colon or left colon/rectum

Metastasis is:
e synchronous or metachronous

1) Simultaneous resection (bowel and liver)

2) Liver surgery before or after systemic anti-cancer therapy
(SACT)

3) Ablation (microwave, IRE, RFA)

4) SABR (SBRT, cyber-knife)

1) Staged resection (bowel resection first or liver resection
first)

2) Liver surgery without SACT

3) Resection or SABR

4) Resection or ablation

7
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Critical

o Liver progression-free survival
o Overall survival

o Overall quality of life

Important

¢ Disease-free survival

o Treatment-related mortality

e Any grade 3 or 4 adverse event

1 IRE: irreversible electroporation; RFA: radiofrequency ablation; SABR: stereotactic ablative radiotherapy; SACT:
2 systemic anticancer therapy; SBRT: stereotactic body radiation therapy
3 For further details see the review protocol in appendix A.

Methods and process

4
5 This evidence review was developed using the methods and process described in

6 Developing NICE guidelines: the manual 2014. Methods specific to this review question are
7 described in the review protocol in appendix A.
8
9
0
1

Declarations of interest were recorded according to NICE’s 2014 conflicts of interest policy
until 31 March 2018. From 1 April 2018, declarations of interest were recorded according to
NICE’s 2018 conflicts of interest policy. Those interests declared until April 2018 were
reclassified according to NICE’s 2018 conflicts of interest policy (see Register of Interests)

12 Clinical evidence

13 Included studies

14 Three randomised controlled trials (RCTs; reported in 4 publications) and 18 retrospective
15 cohort studies were included in this review (Abbott 2012; Abelson 2017; Bartolini 2018; De
16 Haas 2010; Eltawil 2014; EORTC 40983 trial [Nordlinger 2013; Nordlinger 2008]; FFCD trial
17 and ENG trial [Mitry 2008]; FFCD trial only [Portier 2006]; Gleisner 2008; Hof 2018; Imai

18 2017; Karibori 2010; Masuda 2018; Mayo 2013; Moug 2010; Patrono 2014; Vallance 2018;
19 van Amerongen 2016; van der Poel 2018; Wang 2018; Yoshidome 2008).

20 The included studies are summarised in Table 2.

21 Twelve retrospective cohort studies compared simultaneous resection of the colorectal

22 tumour and liver metastases to staged resection (mainly colorectal resection first) (Abbott
23 2012; Abelson 2017; Bartolini 2018; De Haas 2010; Hof 2018; Karibori 2010; Mayo 2013;
24 Moug 2010; Patrono 2014; Vallance 2018; van der Poel 2018; Yoshidome 2008). Three

25 RCTs compared chemotherapy in addition to surgery to surgery alone (EORTC 40983 trial
26 [Nordlinger 2013; Nordlinger 2008]; FFCD trial and ENG trial [Mitry 2008]; FFCD trial only
27 [Portier 2006]). Five retrospective cohort studies compared ablation with resection to

28 resection alone (Eltawil 2014; Gleisner 2008; Imai 2017; Masuda 2018; van Amerongen

29 2016) and one retrospective cohort study compared ablation alone to resection alone (Wang
30 2018).

31 See the literature search strategy in appendix B and study selection flow chart in appendix C.

32 Excluded studies

33 Studies not included in this review with reasons for their exclusions are provided in appendix
34 K.
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Summaries of the studies that were included in this review are presented in Table 2.

Table 2: Summary of included studies

Study

Population

Intervention/
Comparison

Comparison 1: Simultaneous resection versus staged resection

Abbott 2012

Retrospective cohort
study

us

Abelson 2017

Retrospective cohort
study

us

Bartolini 2018

Retrospective cohort
study

Italy

N=60 people who
underwent colorectal
and liver resection for
colorectal cancer with
synchronous liver
metastases to the liver
with curative intent

N=1088 people who
underwent an open or
laparoscopic colorectal
resection for colorectal
cancer and a liver
resection for
secondary malignancy
of the liver at the time
of or within 6 months
before or after the
colorectal resection

N=39 people who
undergoing liver
resection (potentially
curative) for first
recurrence of
colorectal cancer
(“liver only” first
metastasization from
colorectal cancer).
According to timing of
metastasis
presentation/treatment
, patients were divided
into 3 groups:
“synchronous
combined surgery” that
included patients who
underwent combined
surgery for primary
tumor and liver
metastasis,
'synchronous bowel
first' that included
patients with
metastatic disease
from the beginning of
their neoplastic history
but liver metastases
were not treated
during colorectal

surgery

9

Simultaneous
resection

versus

staged resection

(RFA was sometimes
used if resection was
not feasible)

Simultaneous
resection

versus

staged resection

Simultaneous
resection versus
staged (colorectal
resection first). RFA
was used in a small
number of people.

Outcomes

e Overall survival
e Disease-free survival

e Grade 3 or 4
adverse events

e Progression-free
survival

e Overall survival

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in
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Study
De Haas 2010

Retrospective cohort
study

France

Hof 2018

Retrospective cohort
study

Netherlands

Kaibori 2010

Retrospective cohort
study

Japan
Mayo 2013

Retrospective cohort
study

Italy, Portugal.
Switzerland, US

Moug 2010

Retrospective cohort
study

UK
Patrono 2014

Retrospective cohort
study

Italy
Vallance 2018

Retrospective cohort
study

UK

Population

N=52 people with
synchronous colorectal
liver metastases
treated with limited
hepatectomy (<3
segments) and
resection of the
primary tumour with
curative intent

N=226 people with
synchronous colorectal
liver metastases who
underwent a radical
resection of the
colorectal cancer and
a radical resection
and/or ablation of the
liver metastases;
complete R(0)
resection

N=74 people with
synchronous colorectal
liver metastases
undergoing complete
R(0) resection

N=1,004 people with
colorectal cancer and
synchronous liver
metastases who
underwent surgery
with curative intent for
both primary cancer
and metastases

N=64 people with
colorectal cancer and
hepatic metastases
that underwent either
simultaneous or
staged surgery

N=106 people with
colorectal cancer and
synchronous liver
metastases who
underwent liver
resection

N=396 people with
colorectal cancer and
synchronous liver-
limited metastases
undergoing elective
colorectal cancer and
liver resection

Intervention/
Comparison

Simultaneous
resection versus
staged (colorectal
resection first)

Simultaneous
resection versus
staged (colorectal
resection first)

Simultaneous
resection versus
staged resection
(colorectal resection
first)

Simultaneous
resection versus
staged resection
(mostly colorectal
resection first)

Simultaneous
resection versus
staged resection
(colorectal resection
first)

Simultaneous
resection versus
staged resection
(colorectal resection
first)

Simultaneous
resection versus
staged resection
(colorectal resection
first)

10

Outcomes

e Treatment-related
mortality

o Post-operative
complications

e Overall survival

e Progression-free
survival

e Overall survival

e Treatment-related
mortality

e Grade 3 or 4
adverse events

e Overall survival

e Overall survival
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Study
van der Poel 2018

Retrospective cohort
study

Belgium, Netherlands

Yoshidome 2008

Retrospective cohort
study

Japan

Population

N=122 (after
propensity score
matching) people
undergoing combined
laparoscopic resection
of liver metastases
and colorectal cancer
or laparoscopic
colorectal cancer
resection alone.

N=137 people with
synchronous colorectal
liver metastases
undergoing resection

Intervention/
Comparison

Simultaneous
resection versus
staged resection
(colorectal resection
first)

Simultaneous
resection versus
staged resection
(colorectal resection
first)

Comparison 2: Surgery and SACT versus surgery alone

EORTC 40983 trial
(Nordlinger 2013;
Nordlinger 2008)

Phase Ill RCT

Australia, Austria,
Belgium, France,
Germany, Hong Kong,
Italy, Norway, Sweden,
the Netherlands, UK

FFCD trial and ENG
trial (Mitry 2008;
Portier 2006 [FFCD
trial only])

A combined individual
patient data analysis of
2 phase lll RCTs

Belgium, Canada,
France, Italy,
Switzerland

N=364 people with
colorectal cancer and
1-4 liver metastases
that were resectable;
no detectable
extrahepatic tumours;
WHO performance
status 0-2; no previous
chemotherapy with
oxaliplatin

N=302 people with
colorectal cancer; free
of clinically detectable
disease by complete
R(0) surgical resection
of the primary tumour;
<4 metastases located
in a single location
(liver or lung); negative
resection margins by
histologic examination;
ECOG performance
status 0-2; no previous
chemotherapy except
adjuvant treatment of
their primary tumour

Perioperative FOLFOX
before and after
surgery (6 + 6 cycles)
versus surgery alone

Postoperative 5-FU +
leucovorin (6 cycles)
versus surgery alone

Comparison 3: Ablation * resection versus resection alone

Eltawil 2014

Retrospective cohort
study

Canada
Gleisner 2008

Retrospective cohort
study

N=174 people with
colorectal cancer liver
metastases who
underwent liver
resection

N=247 people with
colorectal liver
metastases who were
operated on with

Liver resection with
RFA versus resection
alone

Liver resection with
RFA versus resection
alone

11

Outcomes

e Treatment-related
mortality

e Progression-free
survival

e Overall survival
e Disease-free survival

e Treatment-related
mortality

e Overall survival
e Disease-free survival

e Grade 3 or 4
adverse events

e Overall survival
¢ Disease-free survival

e Overall survival
e Disease-free survival
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Study

us

Imai 2017

Retrospective cohort
study

France

Masuda 2018

Retrospective cohort
study

Japan, US
van Amerongen 2016

Retrospective cohort
study

Netherlands

Wang 2018

Retrospective cohort
study

China

Population

curative intent;
undergoing their first
liver-directed therapy;
RFA performed during
open laparotomy
N=124 people with
colorectal liver
metastases
undergoing curative
hepatectomy

N=717 people who
underwent hepatic
resection alone or
hepatic resection with
RFA.

N=628 people who
received partial
hepatic resection or a
combination of both
RFA and resection in
one session for
curative treatment of
colorectal liver
metastases

N=138 (after
propensity score
matching) people with
<3 tumors, well-
located tumor size of <
5 cm, and absence of
uncontrolled
extrahepatic disease

Intervention/
Comparison

Liver resection with
RFA versus resection
alone

Resection only versus
resection + RFA

Liver resection with
RFA versus resection
alone

RFA alone versus
resection alone

Outcomes

e Progression-free
survival

e Overall survival
e Disease-free survival

o Post-operative
mortality

e Grade 3or 4
adverse events

e Overall survival

e Overall survival
e Disease-free survival

e Overall survival

5-FU: fluorouracil; ECOG: Eastern Cooperative Oncology Group; FOLFOX: leucovorin (folinic acid) + fluorouracil
+ oxaliplatin; N: number; R(0): complete tumour resection margin; RCT: randomised controlled trial; RFA:

radiofrequency ablation; WHO: World Health Organization

See the full evidence tables in appendix D and the forest plots in appendix E.

See the clinical evidence profiles in appendix D.

Economic evidence

Included studies

Quality assessment of clinical outcomes included in the evidence review

A systematic review of the economic literature was conducted but no economic studies were
identified which were applicable to this review question.

12
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1 Excluded studies

A global search of economic evidence was undertaken for all review questions in this
guideline. See Supplement 2 for further information.

Economic model

The cost effectiveness of simultaneous versus staged resection in patients presenting

with metastatic colorectal cancer in the liver amenable to treatment with curative
intent?

See appendix J for the full report of the economic analysis.

This economic analysis aims to estimate the outcomes, patient quality of life and costs of a
simultaneous approach to resection compared to a staged approach in patients with
colorectal cancer presenting with liver metastases.

Methods

Population

The model considers patients with colorectal cancer presenting with liver metastases where
surgical resection of both the primary cancer and the metastases is considered the most
appropriate treatment option.

Intervention and comparator

Two approaches to the surgical resection of the cancer were considered in the economic
model:

Staged Approach: This approach consists of 2 surgical operations, 1 for the resection of the
primary colorectal cancer and 1 for the resection of the liver metastases.

Simultaneous Approach: This approach involves 1 surgical operation to resect both the
primary colorectal cancer and the liver metastases.

Model Structure

A partitioned survival analysis was developed to estimate the expected life expectancy,
quality adjusted life years (QALYs) and costs associated with the 2 approaches considered
by this economic analysis. A partitioned survival analysis divides the model cohort between
different health states based on survival curves derived for overall survival (OS) and disease-
free survival (DFS) derived from the accompanying clinical evidence review. The expected
OS and DFS are then calculated from the area under the respective curves

Model parameters

Clinical inputs

Socioeconomic and demographics variables

The model assumed a uniform age of the cohort of 60 years of age based and 60% male.
Overall and disease-free survival

Survival curves for the economic model were estimated entirely from the accompanying
clinical evidence report. Two models were reported one which adjusted for biases in the
survival estimates identified in the clinical evidence review and one which used the reported
values.

13
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Adverse events

The proportion of adverse events for either approach was taken from the accompanying
clinical evidence review.

Perioperative period

Perioperative period in the study was estimated from one US costing study a retrospective
study at 1 US hospital. The studied reported a median length of stay of 7 days for the
simultaneous approach and 13 days (total across both resections) for the staged approach.

Resource use and costs
Cost of resection and resection related complications
All resection costs were taken from NHS Reference Costs 2016/17.

To estimate the cost of the resections in the simultaneous approach it was not appropriate to
combine the 2 costs as undertaken for the staged approach. This is because both sets of
costs would include costs for pre-assessment, surgical preparation, anaesthesia, time in
surgical theatre and many other items that can be ‘shared’ between the 2 procedures by
combining them To estimate the cost for the simultaneous approach the cost of the staged
approach was adjusted using data on total operative time and length of stay in hospital.
Abbott 2012, identified in the accompanying clinical evidence review, estimated that total
operating time in the simultaneous approach was 144 minutes shorter compared to the
staged approach. This was converted into a cost using estimates of the cost of operating
theatre time

Length of stay in hospital also differed between the 2 arms of the model with simultaneous
approach resulting in 6 less days in hospital as discussed above. This mean cost was then
multiplied by the reduction in days and subtracted from the procedure cost for the staged
approach. This was in addition to the adjustment for operative time.

Resource use and cost of further treatment

All patients who have disease recurrence will go on to receive further treatment or if not
appropriate palliative care. Of those patients with recurrent disease who go on to receive
further treatment three broad types of treatment were identified by the committee-hepatic
resection, extrahepatic resection and chemotherapy.

The proportion of patients going on to receive further treatment was taken from a UK cost
utility study comparing operable to non-operable treatments for liver metastases. Costs for
both hepatic and extrahepatic resection were again taken from NHS Reference Costs.

For disease recurrence, which was considered not amenable to resection, patients received
systemic chemotherapy treatment. Two chemotherapy regimens were used by the economic
model which were considered to cover the majority of chemotherapy received in the NHS for
this patient group following inoperable disease recurrence-FOLFOX and FOLFIRI. Costs
were taken from the ‘Drug and Pharmaceutical Electronic Market Information Tool’ (eMit) for
all drug components. Administration costs were taken from NHS Reference Costs 2016.

Cost of palliative care

Given the relatively short life expectancy of the model cohort and that the majority of patients
would die as a result of their disease a one off cost of palliative care was applied to the
entirety of the cohort during their final year of life. This is to represent the increase in
resource use experienced during the final months of a patient’s life.

14
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Quality of life

Quality of life weights for the model were taken from previous cost-effectiveness study of
patients (identical in age to our cohort) with rectal cancer.

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis was also conducted to assess the combined parameter
uncertainty in the model.

Results

Base-case results

The base case results of the analysis are shown in Table 3. The results show an increase in
life expectancy of half a year with the simultaneous approach corresponding to a 0.28 QALY
increase compared to the staged approach. The simultaneous approach also led to reduction
in costs just below £2,500. In the base-case analysis the simultaneous approach dominated
(was both cost saving and health increasing).

Table 3: Base-case results

Strategy Life  Expectancy Cost QALYs ICER
(year) (cost per
Total Incremental Total Incremental Total Incremental QALY)

Staged 3.80 £31,749 - 3.22 - -

Simultaneous 4.30 0.51 £29,282 -£2,467 3.51 0.28 Dominant

ICER: incremental cost-effectiveness ratio; QALYSs: quality-adjusted life years

When the unadjusted results of the accompanying clinical evidence review are used to
inform the economic model and adjustments for survival have not been made to account for
individuals who only received the first resection life expectancy is now higher in the staged
group (potentially for reasons discussed above) with an associated higher QALY as well
(Table 4). The simultaneous approach remains cost saving (even more so given the larger
number of liver resections in the staged approach). If a £20,000 per QALY threshold is
considered, in line with Developing NICE guidelines: the manual, the reduction in costs
would not justify the decrease in QALYs, that is, only £16,506 is saved for every QALY
forgone.

Table 4: Results of the economic model using values reported in the accompanying
clinical evidence review

Strategy Life  Expectancy Cost QALYs ICER
(year) (cost
Total Incremental Total Incremental Total Incremental Pe€r
QALY)
Staged 4.62 £33,942 - 3.79 - -
Simultaneous 4.30 0.51 £29,282 -£4,660 3.51 -0.28 £16,506

ICER: incremental cost-effectiveness ratio; QALYSs: quality-adjusted life years
Probabilistic Sensitivity Analysis
Base-case assumptions

The results of 10,000 runs of the PSA are shown using ICER scatterplots and cost-
effectiveness acceptability curves (CEAC). The ICER scatter plots show the incremental
costs and QALYs associated with each of the 10,000 runs of the PSA along with the mean

15
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result. The CEAC graphs show the probability of each strategy being considered cost-

effective at the various cost-effectiveness thresholds on the x axis.

Figure 1 presents the probabilistic results of the base case analysis. Of these 10,000
iterations over 75% of them are health improving (to the right of the Y-axis) and over 80% are
cost decreasing (below the X-axis) with the majority of iterations being both cost saving and

health increasing.

Figure 1: ICER scatterplot base case results

Incremental QALYs

-1.50 -1.00

s
é o ege

Incremental costs

£14,000

£9,000

+* -£11,000

Figure 2 presents the CEAC for the base case results. The probability that the simultaneous

-£16,000
CE: cost effectiveness; ICER: incremental cost-effectiveness ratio; QALYSs: quality-adjusted life years

+ Mean

+ CE pairs

CE Threshold

approach is the preferred option is 80% at a cost effectiveness ratio of £0 i.e. where the
cheapest option is preferred. At £20,000 threshold there is a 86% probability of the
simultaneous approach being the preferred option. This remains above 80% beyond values

above the £100,000 threshold. For no threshold does a staged approach become the

preferred option.

Figure 2: Cost effectiveness acceptability curve base case results
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considered a greater number of iterations show the simultaneous approach as cost saving
(94%) but with less than 20% of iterations being health improving.

Figure 3: ICER scatterplot clinical evidence review inputs
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The CEAC for this analysis shows uncertainty around the preferred option (Figure 4). At the
£20,000 threshold 42% showed the simultaneous approach to be cost effective although as
shown by the cost effectiveness plane the majority of these would also be health decreasing.
As the threshold increases the probability of the staged approach being the most cost
effective option also increases. The threshold at which the CEACs cross and we are
indifferent between the two options is £17,000 per QALY.

Figure 4: Cost effectiveness acceptability curve clinical evidence review inputs
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Conclusions

Both versions of the model gave differing results. The base-case results, where survival in
the staged approach had been adjusted, showed the simultaneous approach as both health
improving and cost saving. This conclusion was robust to both probabilistic and deterministic
sensitivity analysis. The secondary analysis using survival estimates from the accompanying
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clinical evidence review presented the simultaneous approach as health decreasing and cost
decreasing but not cost effective although the PSA highlighted considerable uncertainty
around this conclusion.

Evidence statements

Clinical evidence statements

Comparison 1: Simultaneous resection versus staged resection

Critical outcomes

Liver-progression free survival

e Very low quality evidence from 3 retrospective cohort studies (N=250) showed no clinically
important difference in liver-progression free survival between people who underwent
simultaneous resection or staged resection for metastatic colorectal cancer in the liver.

Overall survival

¢ Low to very low quality evidence from 8 retrospective cohort studies (N=2031) showed no
clinically important difference in overall survival between people who underwent
simultaneous resection or staged resection for metastatic colorectal cancer in the liver.

Quality of life
No evidence was identified to inform this outcome.

Important outcomes

Disease-free survival

e Very low quality evidence from 2 retrospective cohort studies (N=196) showed mixed
results for disease-free survival. Evidence from 1 study showed no clinically important
difference in disease-free survival between people who underwent simultaneous resection
or staged resection for metastatic colorectal cancer in the liver. Evidence from another
study showed a clinically important worse disease-free survival for people who underwent
simultaneous resection compared to those who underwent staged resection for metastatic
colorectal cancer in the liver.

Treatment-related mortality

e Very low quality evidence from 2 retrospective cohort studies (N=238) showed that there
were no clinically important differences in treatment-related mortality (postoperative
mortality, 30-day or 60-day) between people who underwent simultaneous resection or
staged resection for metastatic colorectal cancer in the liver.

Any grade 3 or 4 adverse event

e Very low quality evidence from 1 retrospective cohort study (N=64) showed no clinically
important difference in grade 3 or 4 adverse events between people who underwent
simultaneous resection or staged resection for metastatic colorectal cancer in the liver.

¢ Very low quality evidence from 2 retrospective cohort studies (N=1,552) showed no
clinically important difference in major events within 30 days (myocardial infarction, stroke,
pulmonary embolism, shock, in-hospital death), return to operating theatre, anastomotic
leak, acute liver failure, or liver abscess between people who underwent simultaneous
resection or staged resection for metastatic colorectal cancer in the liver.
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e Very low quality evidence from 2 retrospective cohort studies (N=1,552) showed no
clinically important difference in likelihood of readmission within 30 days in people who
underwent simultaneous resection compared to those who underwent staged resection for
metastatic colorectal cancer in the liver.

e Very low quality evidence from 1 retrospective cohort study (N=52) showed no clinically
important difference in postoperative complications between people who underwent
simultaneous resection or staged resection for metastatic colorectal cancer in the liver.

Comparison 2: Surgery and SACT versus surgery alone

Critical outcomes

Liver-progression free survival

No evidence for a specific outcome

Overall survival

¢ Moderate quality evidence from 2 RCTs (N=666) pooled together showed that there may
be a clinically important better overall survival for people who received chemotherapy in
addition to surgery compared to those who underwent surgery alone for metastatic
colorectal cancer in the liver but there is uncertainty around the estimate. However,
pooling the results might not be appropriate because the chemotherapy regimens in these
two RCTs were different in terms of 1) the timing of the chemotherapy and 2) the
chemotherapy drugs used. In one RCT (N=302) the patients received fluorouracil (5-FU)
and leucovorin (folinic acid) postoperatively and in the other RCT (N=364) the patients
received FOLFOX (leucovorin, fluorouracil and oxaliplatin) pre- and post-operatively. If the
RCTs are considered individually, there was no clinically important difference in overall
survival in people who received chemotherapy in addition to surgery compared to those
who underwent surgery alone for metastatic colorectal cancer in the liver.

Quality of life
No evidence was identified to inform this outcome.

Important outcomes

Disease-free survival

¢ Moderate quality evidence from 2 RCTs (N=666) pooled together showed that there is a
clinically important better disease-free survival for people who received chemotherapy in
addition to surgery compared to those who underwent surgery alone for metastatic
colorectal cancer in the liver. However, pooling the results might not be appropriate
because the chemotherapy regimens in these two RCTs were different in terms of 1) the
timing of the chemotherapy and 2) the chemotherapy drugs used. In one RCT (N=302)
the patients received fluorouracil (5-FU) and leucovorin (folinic acid) postoperatively and
in the other RCT (N=364) the patients received FOLFOX (leucovorin, fluorouracil and
oxaliplatin) pre- and post-operatively. If the RCTs are considered individually, the
evidence showed that there may be a clinically important better disease-free survival in
people who received chemotherapy in addition to surgery compared to those who
underwent surgery alone for metastatic colorectal cancer in the liver but there is
uncertainty around the estimate.

Treatment-related mortality

o Moderate quality evidence from 1 RCT (N=364) showed no clinically important difference
in treatment-related mortality between people who received chemotherapy in addition to
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surgery and those who underwent surgery alone for metastatic colorectal cancer in the
liver.

Any grade 3 or 4 adverse event

e Moderate quality evidence from 1 RCT (N=166) showed that around 25% of the people
who received chemotherapy in addition to surgery had grade 3 or 4 chemotherapy-related
adverse events compared to 0% in those who had surgery alone for metastatic colorectal
cancer in the liver.

Comparison 3: Ablation * resection versus resection alone

Critical outcomes

Liver-progression free survival

e Very low quality evidence from 1 retrospective cohort study (N=124) showed no clinically
important difference in liver disease-free survival between people who underwent liver
resection and RFA and those who underwent resection alone for metastatic colorectal
cancer in the liver.

Overall survival

e Very low quality evidence from 4 retrospective cohort studies (N=1,177) showed mixed
results. Evidence from 2 studies (N=298) showed no clinically important difference in
overall survival between people who underwent liver resection and RFA and those who
underwent resection alone for metastatic colorectal cancer in the liver. However, evidence
from 2 other studies (N=879) showed a clinically important worse overall survival in people
who underwent liver resection and RFA compared to those who underwent resection
alone for metastatic colorectal cancer in the liver.

¢ Very low quality evidence from 1 retrospective cohort study (N=149) showed no clinically
important benefit in overall survival for high risk patients who underwent liver resection
alone compared to those who underwent liver resection + RFA for metastatic colorectal
cancer in the liver.

o Very low quality evidence from 1 retrospective cohort study (N=568) showed no clinically
important benefit in overall survival for low risk patients who underwent liver resection
alone compared to those who underwent liver resection + RFA for metastatic colorectal
cancer in the liver.

e Very low quality evidence from 1 retrospective cohort study (N=138) showed no clinically

important difference in overall survival between people who received RFA alone and
those who underwent resection alone for metastatic colorectal cancer in the liver.

Quality of life
No evidence was identified to inform this outcome.

Important outcomes

Disease-free survival

e Very low quality evidence from 4 retrospective cohort studies (N=1,177) showed mixed
results. Evidence from 3 studies (N=930) showed no clinically important difference in
disease-free survival between people who underwent liver resection and RFA and those
who underwent resection alone for metastatic colorectal cancer in the liver. However,
evidence from 1 study (N=247) showed a clinically important worse disease-free survival
in people who underwent liver resection and RFA compared to those who underwent
resection alone for metastatic colorectal cancer in the liver.

Treatment-related mortality
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e Very low quality evidence from 1 retrospective cohort study (N=124) showed no clinically
important difference in 90-day mortality between people who received RFA in addition to
resection and those who underwent resection alone for metastatic colorectal cancer in the
liver.

Any grade 3 or 4 adverse event

¢ Very low quality evidence from 1 retrospective cohort study (N=124) showed no clinically
important difference in grade 3 or 4 adverse events between people who received RFA in
addition to resection and those who underwent resection alone for metastatic colorectal
cancer in the liver.

Comparison 4: SABR versus resection or ablation
No evidence was identified to inform this comparison.

- O O©OoOoO~NO 1 AOWN -

_—

12 Economic evidence statements

13 A bespoke economic model was created for this topic to investigate the cost effectiveness of
14 a simultaneous compared to a staged approach to resection. The study took a UK NHS+PSS
15 perspective and was informed by evidence identified in the accompanying clinical evidence
16 review. Two models were created one using the survival outcomes from the clinical evidence
17 review and another where the inputs had been adjusted to account for biases in these

18 estimates. The adjusted analysis showed a simultaneous approach to be both cost saving

19 and health improving. This result was robust to sensitivity analysis with a greater than 85%
20 probability of being cost effective at a £20,000 per QALY threshold. The analysis using the
21 results from the clinical evidence review showed a simultaneous approach to be cost saving
22 but also health decreasing with a staged approach being the preferred option at a £20,000
23 per QALY threshold. There was however large uncertainty around this conclusion. For both
24 analyses a simultaneous approach was cost saving under the majority of iterations during the
25 probabilistic sensitivity analysis.

26
27 The committee’s discussion of the evidence

28 Interpreting the evidence
29 The outcomes that matter most

30 Liver progression-free survival and overall survival were considered critical outcomes for

31 decision making because progression of the liver metastases suggests ineffective treatment,
32 potentially requiring further treatment and affecting overall survival. Quality of life was a

33 critical outcome because of the impact that different treatment options can have on patients’
34 functioning and the potential long term adverse effects.

35 Disease-free survival, meaning survival without disease recurrence or progression anywhere
36 in the body, was an important outcome because it reflects effectiveness of treatment, and

37 can mean additional treatments and affect overall survival. Additionally, treatment-related

38 mortality and adverse events were also important outcomes, as they are indicative of the

39 short-term side effects of treatments.

40 The quality of the evidence

41 Evidence was available for the comparison of simultaneous versus staged resection, for

42 which evidence was available on all outcomes except quality of life; surgery and SACT

43 versus surgery alone, for which evidence was available for all outcomes except liver-

44 progression free survival and quality of life; and ablation (with or without resection) versus
45 resection alone, for which evidence was available on all other outcomes except quality of life.
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No evidence was identified on stereotactic body radiation therapy or stereotactic ablative
radiotherapy.

The quality of the evidence was assessed using GRADE and varied from very low to
moderate quality.

Only observational evidence was available for comparing simultaneous resection to staged
resection and comparing ablation with or without resection to resection alone. The evidence
was mostly of very low quality, varying from very low to low. The main reason for
downgrading the quality of the evidence was imprecision of the effect estimate due to small
sample sizes or risk of bias due to lack of adequate controlling for confounding factors. Even
when baseline characteristics between the groups were controlled for (usually through
multivariate regression or propensity score matching), there were serious concerns about the
comparability of the groups included in these retrospective studies as the committee thought
that there were underlying clinical reasons why one patient received treatment X and another
received treatment Y. For example, in the included studies local ablation in addition to
resection was largely done because some metastases were unresectable.

Because of the serious concerns about the comparability of the groups included in these
retrospective studies, and the differences between studies in their criteria for resectability
their results were not pooled in meta-analysis.

For comparing liver resection with SACT to liver resection alone RCT evidence was available
and it was of moderate quality. The main reason for downgrading the quality of the evidence
was imprecision of the effect estimate due to small sample sizes.

Benefits and harms

There was some evidence that simultaneous resection worsened liver progression-free
survival, however, evidence from more studies showed no difference in overall survival or
disease-free survival. No difference was seen in treatment-related mortality and morbidity.
Because there was not enough evidence to show that one approach was better than the
other, the patient’s perspective on the effect of each approach on quality of life is particularly
important to guide clinicians. No quality of life evidence was available, however, it can be
assumed that if simultaneous resection is feasible it would also be preferred by patients in
order to avoid having to go through two major surgeries with waiting time in between.

The committee agreed that there are problems with comparability of the patient groups in the
included studies. In some cases a staged resection was done because a simultaneous
resection was not possible due to clinical reasons, therefore, the groups were not similar
enough to be truly comparable.

Due to the low quality of the evidence paired with the inconclusive evidence on which
approach is better, the committee agreed that it cannot recommend one approach over the
other. Instead, the decision should be based on a careful consideration by a multidisciplinary
team consisting of experts in both colorectal and liver surgeries.

Moderate quality evidence from three RCTs suggested that SACT in addition to liver
resection was beneficial in terms of disease-free survival and possibly overall survival
compared to liver resection alone. Chemotherapy increased the rate of treatment-related
adverse events with around a quarter of patients in one trial having grade 3 or 4 adverse
events due to chemotherapy. There was no evidence on quality of life, however, considering
the adverse effects that chemotherapy might cause, it could be assumed that quality of life
might be impaired as a result of chemotherapy, at least in the short-term. The potential gain
in survival should therefore be balanced with the potential effect on quality of life and
morbidity.
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The RCTs were different in terms of chemotherapy regimen used (oxaliplatin-based FOLFOX
versus 5-FU and leucovorin without oxaliplatin) and the timing of administering the
chemotherapy (before and after resection versus after resection only). This makes it more
difficult to draw definitive conclusions from the evidence when the RCTs are pooled together
while individually they lack statistical power.

Additional caution is needed when interpreting the evidence because the included RCTs are
relatively old. For example, patient population has since changed because more
synchronous disease is detected currently due to improvements in detection. Having a
synchronous versus metachronous disease can make a big difference in terms of treatment
effectiveness and survival but unfortunately the available data did not allow that type of
analysis. In addition, the regimens used in the RCTs are somewhat outdated and more
options for chemotherapy are available in current practice. If the RCTs would be conducted
at current time, the committee would expect to see a bigger difference in survival.

Taking into consideration these different aspects of the evidence, the committee agreed that
chemotherapy should be considered for people who are suitable for liver resection.

Local ablative techniques have been suggested as an alternative to surgical resection for
people not fit for surgery and with potentially less mortality and morbidity associated with
major surgery. The LAVA randomised trial was established to compare these two
approaches, however, the trial was discontinued due to poor recruitment of patients. With no
RCT evidence available on the effectiveness and safety of local ablative technique as an
alternative to resection, observational studies were sought. Very low quality observational
evidence from retrospective cohort studies was available comparing local ablation in
combination with liver resection versus liver resection alone, or comparing local ablation
alone to liver resection alone. The committee had major concerns about the usefulness of
this data because the comparability of the groups in these studies. For most patients in the
ablation group, ablation was only used because resection was not possible due to patient
fitness or clinical reasons. Therefore, the ablation group would likely have more advanced
disease or be less likely to achieve good outcome.

Cost effectiveness and resource use

The committee considered 2 versions of a bespoke economic model to investigate the cost
effectiveness of a staged versus simultaneous approach to resection, 1 using the results of
the clinical evidence review and another where the inputs had been adjusted to account for
biases in the clinical evidence around survival. The adjusted analysis showed a simultaneous
approach to be both cost saving and health improving. This result was robust to sensitivity
analysis with a greater than 85% probability of being cost effective at a £20,000 per QALY
threshold. The analysis using the results from the clinical evidence review showed a
simultaneous approach to be cost saving but also health decreasing with a staged approach
being the preferred option at a £20,000 per QALY threshold. There was uncertainty around
this conclusion. For both analyses a simultaneous approach was cost saving under the
majority of iterations during the probabilistic sensitivity analysis.

The committee was of the opinion that a simultaneous approach was unlikely to be health
decreasing and the survival difference (although not statistically significant) identified in the
clinical evidence review was most likely a result of selection bias. Given this the committee
concluded that a simultaneous approach was likely a cost effective use of resources.
However, with uncertainty around the clinical inputs and the potential for harm, either through
a less effective approach or through inefficient use of resources, the committee did not feel it
appropriate to recommend one approach over the other.

The committee acknowledge the majority of the clinical evidence was retrospective
observational studies with the previously discussed weaknesses. Given the importance of
this parameter for informing economic decisions the confidence with which they could make
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this conclusion was reduced. The committee considered that it was unlikely there would be
future high quality evidence for this clinical topic as they consider it would be difficult to
recruit to a staged arm of any RCT with patients’ preferences being towards one operation
with a shorter total hospital stay.
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Appendices

2 Appendix A — Review protocol

3 Review protocol for review question: What is the optimal combination and
sequence of treatments in patients presenting with metastatic colorectal
cancer in the liver amenable to treatment with curative intent?

4
5

o N

Table 5: Review protocol for the optimal combination and sequence of treatments in
patients presenting with metastatic colorectal cancer in the liver amenable to
treatment with curative intent

Field (based on
PRISMA-P)

Review question

Type of review
question

Objective of the
review

Eligibility criteria —
population/disease/co
ndition/issue/domain

Eligibility criteria —
intervention(s)/exposu
re(s)/prognostic
factor(s)

Eligibility criteria —
comparator(s)/control
or reference (gold)
standard

Outcomes and
prioritisation

Content

What is the optimal combination and sequence of treatments in patients
presenting with metastatic colorectal cancer in the liver amenable to
treatment with curative intent?

Intervention

To determine the optimal combination and sequence of treatments in
patients presenting with metastatic colorectal cancer in the liver amenable
to treatment with curative intent.

Adults with colorectal cancer with metastases in the liver amenable to
treatment with curative intent at presentation

Subgroups:

Primary colorectal tumour is

e symptomatic or asymptomatic

e in the right colon or left colon/rectum

Metastasis is

e synchronous or metachronous

1) Simultaneous resection (bowel and liver)

2) Liver surgery before or after systemic anti-cancer therapy (SACT)
3) Ablation (microwave, IRE, RFA)

4) SABR (SBRT, cyber-knife)

1) Staged resection (bowel resection first or liver resection first)
2) Liver surgery without SACT
3) a) Resection
b) SABR
4) a) Resection
b) Ablation

Intervention 1 versus comparison 1, intervention 2 versus comparison 2
etc.

Critical outcomes:
e Liver progression-free survival (MID: statistical significance)
e Overall survival (MID: statistical significance)

e Overall quality of life measured using validated scales (MID: published
MIDs from literature, see below)

Important outcomes:
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Eligibility criteria —
study design

Other inclusion
exclusion criteria

Proposed
sensitivity/sub-group
analysis, or meta-
regression

Selection process —
duplicate
screening/selection/an
alysis

Data management
(software)

¢ Disease-free survival (MID: statistical significance)
e Treatment-related mortality (MID: statistical significance)
e Any grade 3 or 4 adverse event (MID: statistical significance)

Quality of Life MIDs from the literature:

e EORTC QLQ-C30: 5 points

e EORTC QLQ-CR29: 5 points

e EORTC QLQ-CR38: 5 points

e EQ-5D: 0.09 using FACT-G quintiles

e FACT-C: 5 points

e FACT-G: 5 points

e SF-12: > 3.77 for the mental component summary and > 3.29 for the
physical component summary of the Short Form SF-12 (SF-12)

e SF-36: > 7.1 for the physical functioning scale, > 4.9 for the bodily pain
scale, and > 7.2 for the physical component summary

e Systematic reviews of RCTs

e RCTs

e Comparative observational studies will only be considered if eligible
RCTs are not available

Inclusion:

e English-language

o All settings will be considered that consider medications and treatments
available in the UK

o Studies published post 1995

¢ Observational studies should include multivariate analysis controlling for
the following confounding factors:
o Age
o Synchronous or metachronous
o Number of metastases

Studies conducted post 1995 will be considered for this review question
because the guideline committee considered that treatment techniques
have evolved and evidence prior to 1995 would no longer be relevant.

In case of heterogeneity, the following subgroup analyses will be
conducted:

e Treatment subtype

Sifting, data extraction, appraisal of methodological quality and GRADE
assessment will be performed by the systematic reviewer. Resolution of
any disputes will be with the senior systematic reviewer and the Topic
Advisor. Quality control will be performed by the senior systematic
reviewer.

Dual sifting will be undertaken for this question for a random 10% sample
of the titles and abstracts identified by the search.

Pairwise meta-analyses will be performed using Cochrane Review
Manager (RevMan5).

‘GRADEpro’ will be used to assess the quality of evidence for each
outcome.
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Information sources —
databases and dates

Identify if an update
Author contacts

Highlight if
amendment to
previous protocol

Search strategy — for
one database

Data collection
process —
forms/duplicate

Data items — define all
variables to be
collected

Methods for
assessing bias at
outcome/study level

Criteria for
quantitative synthesis
(where suitable)

Methods for analysis
— combining studies
and exploring
(in)consistency

NGA STAR software will be used for study sifting, data extraction,
recording quality assessment using checklists and generating
bibliographies/citations.

Potential sources to be searched: Medline, Medline In-Process, CCTR,
CDSR, DARE, HTA, Embase

Limits (e.g. date, study design):
¢ Apply standard animal/non-English language exclusion

e Limit to RCTs and systematic reviews in first instance, but download all
results

e Dates: from 1995

Not an update
https://www.nice.org.uk/guidance/indevelopment/gid-ng10060
Developer: NGA

For details please see section 4.5 of Developing NICE guidelines: the
manual

For details please see appendix B.

A standardised evidence table format will be used, and published as
appendix D (clinical evidence tables) or H (economic evidence tables).

For details please see evidence tables in appendix D (clinical evidence
tables) or H (economic evidence tables).

Standard study checklists were used to critically appraise individual
studies. For details please see section 6.2 of Developing NICE guidelines:

the manual

Appraisal of methodological quality:

The methodological quality of each study will be assessed using an
appropriate checklist:

o ROBIS for systematic reviews

e Cochrane risk of bias tool for RCTs

e ROBINS-I for non-randomised studies

The quality of the evidence for an outcome (i.e. across studies) will be
assessed using GRADE.

The risk of bias across all available evidence was evaluated for each
outcome using an adaptation of the ‘Grading of Recommendations
Assessment, Development and Evaluation (GRADE) toolbox’ developed
by the international GRADE working group
http://www.gradeworkinggroup.org/

For details please see section 6.4 of Developing NICE guidelines: the
manual

Synthesis of data:

Pairwise meta-analysis of randomised trials will be conducted where
appropriate.

When meta-analysing continuous data, final and change scores will be
pooled if baselines are comparable. If any studies report both, the method
used in the majority of studies will be analysed.

Minimally important differences:
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Meta-bias
assessment —
publication bias,
selective reporting
bias

Assessment of
confidence in
cumulative evidence

Rationale/context —
Current management

Describe contributions
of authors and
guarantor

Sources of
funding/support

Name of sponsor

Roles of sponsor

PROSPERO
registration number

The guideline committee identified statistically significant differences as
appropriate indicators for clinical significance for all outcomes except
quality of life for which published MIDs from literature will be used (see
outcomes section for more information).

For details please see section 6.2 of Developing NICE guidelines: the
manual.

If sufficient relevant RCT evidence is available, publication bias will be
explored using RevMan software to examine funnel plots.

For details please see sections 6.4 and 9.1 of Developing NICE guidelines:

the manual

For details please see the introduction to the evidence review.

A multidisciplinary committee developed the guideline. The committee was
convened by The National Guideline Alliance and chaired by Peter Hoskin
in line with section 3 of Developing NICE guidelines: the manual.

Staff from The National Guideline Alliance undertook systematic literature
searches, appraised the evidence, conducted meta-analysis and cost-
effectiveness analysis where appropriate, and drafted the guideline in
collaboration with the committee. For details please see Supplement 1:
methods.

The NGA is funded by NICE and hosted by the Royal College of
Obstetricians and Gynaecologists

The NGA is funded by NICE and hosted by the Royal College of
Obstetricians and Gynaecologists

NICE funds the NGA to develop guidelines for those working in the NHS,
public health, and social care in England

Not registered

CCTR: Cochrane Central Register of Controlled Trials; CDSR: Cochrane Database of Systematic Reviews;
DARE: Database of Abstracts of Reviews of Effects; EQ-5D: EuroQol five dimensions questionnaire; EORTC
QLQ-C30: European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core 30
Items; EORTC QLQ-CR29: European Organisation for Research and Treatment of Cancer Quality of Life
Questionnaire colorectal cancer module (29 items); EORTC QLQ-CR38: European Organisation for Research
and Treatment of Cancer Quality of Life Questionnaire colorectal cancer module (38 items); FACT-C: Functional
Assessment of Cancer Therapy questionnaire (colorectal cancer); FACT-G: Functional Assessment of Cancer
Therapy questionnaire (general); GRADE: Grading of Recommendations Assessment, Development and
Evaluation; HTA: Health Technology Assessment; IRE: irreversible electroporation; MID: minimal important
difference; NGA: National Guideline Alliance; RCT: randomised controlled trial; RFA: radiofrequency ablation;
ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions; ROBIS: a tool for
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assessing risk of bias in systematic reviews, SABR: stereotactic ablative radiotherapy; SACT: systemic anticancer
therapy; SBRT: stereotactic body radiation therapy,; SD: standard deviation; SF-12: 12-Item Short Form Survey;
SF-36: 36-Item Short Form Survey
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1 Appendix B — Literature search strategies

2 Literature search strategies for review question: What is the optimal combination
and sequence of treatments in patients presenting with metastatic colorectal
cancer in the liver amenable to treatment with curative intent?

A combined search was conducted for the following two review questions:

¢ What is the optimal combination and sequence of treatments in patients presenting with
metastatic colorectal cancer in the liver amenable to treatment with curative intent?

¢ What is the optimal combination and sequence of treatments in patients presenting with
metastatic colorectal cancer in the liver not amenable to treatment with curative intent?

©oo NO O AW

10 Databases: Embase/Medline

11 Last searched on: 12/02/2019

# Search

1 (exp colorectal cancer/ or exp colon tumor/ or exp rectum tumor/) use emez
2 exp colorectal neoplasms/ use ppez
3

((colorect* or colo rect* or colon or colonic or rectal or rectum) adj3 (adenocarcinoma* or cancer* or carcinoma* or
malignan* or neoplas* or oncolog* or tumo?r*)).tw.

or/1-3
liver metastasis/ use emez

4
5
6 liver/ use ppez
7 exp neoplasm metastasis/ use ppez

8 6and7

9 ((Liver or hepatic*) adj3 (disseminat* or metasta* or migrat*)).tw.

10 ((colorect* or colo rect* or colon or colonic or rectal or rectum) adj3 (liver metasta® or hepatic* metasta*)).tw.
11 50r8or9

12 4 and 11

13 10 or 12

14 hepatectomy/ use ppez or segmentectomy/ use emez

15 (Hepatectom™* or segmentectom™®).tw.

16 (exp liver resection/ or metastasis resection/) use emez

17 Metastasectomy/ use ppez

18 metastasectom®.tw.

19 ((liver or hepatic*) adj3 (excis* or metastasectom™ or resect* or surg*)).tw.

20 or/14-19

21 exp *antineoplastic agent/ use emez

22 exp antineoplastic agents/ use ppez

23 exp *Antineoplastic Protocols/ use ppez

24 multimodality cancer therapy/ use emez

25 cancer therapy/ use emez

26 exp *chemotherapy/ use emez

27 *cancer combination chemotherapy/ use emez

28 Cancer Vaccines/ use ppez

29 cancer vaccine/ use emez

30 cancer immunotherapy/ use emez

31 exp antibodies, monoclonal/ use ppez or monoclonal antibody/ use emez

32 chemosaturat®.tw.

33 ((anti canc* or anticanc* or anticancerogen* or anticarcinogen* or anti neoplas* or antineoplas* or anti tumo?r* or
antitumo?r* or cytotoxic*) adj3 (agent* or drug* or protocol* or regimen* or treatment* or therap®)).ti.

34 (SACT or chemotherap* or immunotherap* or biological agent* or biological therap*).ti.
35 or/21-34
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36 20 and 35
37 ((combin* or delay* or simultaneous* or stage*) adj3 (resect* or surg*)).tw.

38 (liver-first or liverfirst).tw.

39 bowel first.tw.

40 or/37-39

41 radiofrequency ablation/ use emez or ablation techniques/ use ppez

42 microwave thermotherapy/ use emez or irreversible electroporation/ use emez or electroporation/ use ppez
43 ((percutaneous* or radiofrequen* or radio-frequen* or RF or microwave*) adj3 ablat*).tw.

44 electroporat®.tw.

45 (RFA or MWA or IRE).tw.

46 or/41-45

47 (radiosurgery/ or stereotactic body radiation therapy/ or stereotactic radiosurgery/ or cyberknife/) use emez
48 radiosurgery/ use ppez

49 (Stereotactic* adj2 (irradiation* or RT or radiation* or radioablation* or radiosurg* or radiotherap* or therap* or
treat*)).tw.

50 (SBRT or SABRT or SABR or cyberknife or cyber knife).tw.
51 or/47-50

52 chemoembolization/ use emez

53 exp embolization, therapeutic/ use ppez

54 ((transarterial or trans-arterial or transcatheter or trans-catheter) adj2 chemoemboli?ation).tw.
55 (irinotecan adj4 beads).tw.

56 (DEBIRI or TACE).tw.

57 or/52-56

58 radioembolization/ use emez

59 radioemboli?ation.tw.

60 ((intraarterial or intra-arterial) adj3 brachytherapy).tw.
61 (SIRT or "selective internal radiation therapy").tw.

62 or/58-61

63 limit 35 to yr="2000 - current"

64 limit 57 to yr="2000 - current"

65 limit 62 to yr="2000 - current"

66 36 or 40 or 46 or 51 or 63 or 64 or 65

67 13 and 66

68 limit 67 to (yr="1995 - current" and english language)
69 Letter/ use ppez

70 letter.pt. or letter/ use emez

71 note.pt.

72 editorial.pt.

73 Editorial/ use ppez

74 News/ use ppez

75 exp Historical Article/ use ppez

76 Anecdotes as Topic/ use ppez

77 Comment/ use ppez

78 Case Report/ use ppez

79 case report/ or case study/ use emez

80 (letter or comment*).ti.

81 or/69-80

82 randomized controlled trial/ use ppez

83 randomized controlled trial/ use emez

84 random*.ti,ab.

85 or/82-84

86 81 not 85

87 animals/ not humans/ use ppez
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88 animal/ not human/ use emez

89 nonhuman/ use emez

90 exp Animals, Laboratory/ use ppez

91 exp Animal Experimentation/ use ppez
92 exp Animal Experiment/ use emez

93 exp Experimental Animal/ use emez
94 exp Models, Animal/ use ppez

95 animal model/ use emez

96 exp Rodentia/ use ppez

97 exp Rodent/ use emez

98 (rat or rats or mouse or mice).ti.

99 or/86-98

100 67 not 99

101 limit 100 to (yr="1995 - current" and english language)
102  limit 101 to yr="1995 - 2012"

103  limit 101 to yr="2013-current"

104 remove duplicates from 102

105 remove duplicates from 103

106 104 or 105

1 Database: Cochrane Library
2  Last searched on: 12/02/2019

1 MeSH descriptor: [Colorectal Neoplasms] explode all trees

((colorect* or colo rect* or colon or colonic or rectal or rectum) near/3 (adenocarcinoma* or cancer® or carcinoma* or
malignan* or neoplas* or oncolog* or tumo?r*)):ti,ab,kw

#1 or #2

N

MeSH descriptor: [Neoplasm Metastasis] explode all trees

3
4
5 MeSH descriptor: [Liver] explode all trees
6 #4 and #5

7 ((Liver or hepatic*) near/3 (disseminat* or metasta* or migrat*)):ti,ab,kw

8 ((colorect* or colo rect* or colon or colonic or rectal or rectum) near/3 (liver metasta* or hepatic* metasta*)):ti,ab,kw
9 #6 or #7

10 #3 and #9

11 #8 or #10

12 MeSH descriptor: [Hepatectomy] this term only

13 (Hepatectom* or segmentectom®):ti,ab,kw
14 MeSH descriptor: [Metastasectomy] this term only
15 metastasectom*:ti,ab,kw
16 ((liver or hepatic*) near/3 (excis* or metastasectom* or resect* or surg*)):ti,ab,kw
17 MeSH descriptor: [Antineoplastic Agents] explode all trees
18 MeSH descriptor: [Antineoplastic Protocols] explode all trees
19 MeSH descriptor: [Cancer Vaccines] explode all trees
20 MeSH descriptor: [Antibodies, Monoclonal] explode all trees
21 chemosaturat*:ti,ab,kw
22 ((anti canc* or anticanc* or anticancerogen* or anticarcinogen* or anti neoplas* or antineoplas* or anti tumo?r* or
antitumo?r* or cytotoxic*) near/3 (agent* or drug* or protocol* or regimen* or treatment* or therap*)):ti,ab,kw
23 (SACT or chemotherap* or chemosaturat* or immunotherap* or biological agent* or biological therap*):ti,ab,kw
24 ((combin* or delay* or simultaneous* or stage*) near/3 (resect* or surg*)):ti,ab,kw
25 (liver-first or liverfirst):ti,ab,kw
26 "bowel first":ti,ab,kw
27 MeSH descriptor: [Ablation Techniques] explode all trees
28 ((percutaneous™* or radiofrequen* or radio-frequen* or RF or microwave*) near/3 ablat*):ti,ab,kw
34
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29 electroporat*:ti,ab,kw
30 (RFA or MWA or IRE):ti,ab,kw
31 MeSH descriptor: [Radiosurgery] this term only

32 (Stereotactic* near/2 (irradiation* or RT or radiation* or radioablation* or radiosurg* or radiotherap* or therap* or
treat®)):ti,ab,kw

33 (SBRT or SABRT or SABR or cyberknife or cyber knife):ti,ab,kw

34 MeSH descriptor: [Chemoembolization, Therapeutic] this term only

35 ((transarterial or trans-arterial or transcatheter or trans-catheter) near/2 chemoemboli?ation):ti,ab,kw
36 (irinotecan near/4 beads):ti,ab,kw

37 (DEBIRI or TACE):ti,ab,kw

38 radioemboli?ation:ti,ab,kw

39 ((intraarterial or intra-arterial) near/3 brachytherapy):ti,ab,kw

40 (SIRT or "selective internal radiation therapy"):ti,ab,kw

41 {or #12-#40}
42 #11 and #41 Publication Year from 1995 to 2018
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1 Appendix C — Clinical evidence study selection

2 Clinical study selection for: What is the optimal combination and sequence of

3 treatments in patients presenting with metastatic colorectal cancer in the liver
4 amenable to treatment with curative intent?

Figure 5: Study selection flow chart

Titles and abstracts
identified, N=7732*

3 J

Full copies retrieved Excluded, N=7314
an.d.a's.sessed for (not relevant population,
eligibility, N=418 design, intervention,

comparison, outcomes,
unable to retrieve)

Publications included Publications excluded
in review, N=22 from review, N=396
(refer to excluded
studies list)

*The literature search was done for 2 review questions at once including the current review and review question
‘What is the optimal combination and sequence of treatments in patients presenting with metastatic colorectal
cancer in the liver not amenable to treatment with curative intent?’. The number of titles and abstracts identified
applies for both reviews but all the other numbers are applicable to this specific review only.

O~NOO
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Appendix D — Clinical evidence tables

2 Clinical evidence tables for review question: What is the optimal combination and sequence of treatments in patients
presenting with metastatic colorectal cancer in the liver amenable to treatment with curative intent?

3

4

Table 6: Clinical evidence tables

Study details

Full citation Abbott,
D. E., Cantor, S. B.,
Hu, C. Y., Aloia, T. A.,
You, Y. N., Nguyen,
S., Chang, G. J.,
Optimizing clinical and
economic outcomes
of surgical therapy for
patients with
colorectal cancer and
synchronous liver
metastases, Journal
of the American
College of Surgeons,
215, 262-270, 2012

Ref Id 845486

Country/ies where
the study was
carried out US

Study type
Retrospective cohort
study

Aim of the study To
"... evaluate
outcomes

and economic
implications of

Participants

Sample size N=60 simultaneous
resection; n=84 staged resection

Characteristics

Age in years, median (IQR)
Simultaneous 58 (46-64)
Staged 53 (46-61)

Male sex, n (%)
Simultaneous 40 (67)
Staged 49 (58)

Primary tumour locations, n (%)
Colon

Simultaneous 26 (43)

Staged 31 (37)

Rectum

Simultaneous 34 (57)

Staged 53 (63)

Type of liver resection, n (%)
Minor (<3 segments)
Simultaneous 40 (67)
Staged 21 (25)

Major (=3 segments)
Simultaneous 20 (33)
Staged 63 (75)

<5 liver metastases, n (%)
Simultaneous 55 (92)
Staged 57 (68)

Interventions

Interventions
Simultaneous or staged
resections were all done
at the same centre, with
curative intent. RFA was
sometimes used if
resection was not
feasible (the resulting
liver remnant would be
too low in volume).

37

Methods

Details

Patient data was accessed from
an institutional database.

"Overall survival was calculated
from the date of

operation to the date of death.
Recurrence-free survival was
calculated from the date of
operation to the date of cancer
recurrence, either locoregional or
systemic, or the date of

death from another cause.
Statistical analysis

Survival was analysed using the
Kaplan-Meier method.
"Multivariable Cox regression
analysis with backward

stepwise selection was performed
to evaluate the

association of variables on overall
and recurrence-free survival.
Final model variables were
surgical strategy, body

mass index, type of liver
resection, and number of liver
metastases. These variables were
chosen based on their
significance on univariate analysis
and/or their importance in surgical
decision making and their
potential influence on

Outcomes and Results

Results

Overall survival, median 36

months of follow-up
Simultaneous n=60
Staged n=84

Adjusted HR 1.4 95% CI
0.74 to 2.65, p=0.3

Recurrence-free survival,
median 36 months of
follow-up

Simultaneous n=60
Staged n=84

Adjusted HR 1.3 95% CI
0.62 to 1.75, p=0.88

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details

simultaneous and
staged resections."

Study dates 1993 to
2010

Source of funding
American Society of
Clinical Oncology
Conquer Cancer
Foundation; the
National Institutes of
Health

Full citation Abelson,
J. S., Michelassi, F.,
Sun, T., Mao, J.,
Milsom, J., Samstein,
B., Sedrakyan, A.,
Yeo, H. L.,
Simultaneous
Resection for
Synchronous
Colorectal Liver
Metastasis: the New
Standard of Care?,
Journal of
gastrointestinal
surgery : official
journal of the Society
for Surgery of the
Alimentary Tract, 21,
975-982, 2017

Ref Id 789136

Participants

Preoperative chemotherapy
Simultaneous 46 (77)
Staged 52 (62)

Preoperative radiotherapy, n (%)
Simultaneous 21 (35)
Staged 33 (39)

Inclusion criteria Patients
undergoing colorectal and hepatic
resection for colorectal cancer with

synchronous metastases to the liver;
tumours resected with curative intent.

Exclusion criteria Colorectal
recurrence in the primary site;
metachronous hepatic metastases;
complete resection not performed.

Sample size N=1088 simultaneous
resection; n=342 staged resection
(n=309 bowel first, n=33 liver first)

Characteristics
Age, mean (SD)
Simultaneous 59 (14)
Staged 57 (12)

Male sex, n (%)
Simultaneous 551 (51)
Staged 177 (52)

Minimally invasive surgery, n (%)
Colorectal resection
Simultaneous 129 (12)

Staged 81 (24)

Liver resection

Simultaneous 129 (12)

Staged 19 (6)

Liver procedure, n (%)
Partial hepatectomy

Interventions

Interventions
Staged resection
(colorectal or liver
resection first, followed
by liver or colorectal
resection within 6
months, respectively)
and simultaneous
colorectal and liver
resection during the
same hospitalization."

Methods Outcomes and Results
postoperative morbidity and

mortality."

Details Results

Patients’ data was accessed from
a New York State Department

of Health Statewide Planning and
Research Cooperative

System database. "Patients were
identified using International
Classification of Diseases, Ninth
Revision, and Clinical Modification
(ICD-9-CM) diagnosis codes."
Primary endpoint was major
events at 30-day follow-up
(including in-hospital mortality,
acute myocardial infarction,
stroke, pulmonary embolism and
shock).

For the staged group, two
separate 30-day follow-ups were
considered, after each resection.
Secondary endpoints were 30-day
readmission, reoperation, Staged n=341
procedure-related complications, Adjusted OR 0.81 95% ClI
surgical site infection, anastomotic 0.41 to 1.59, p=0.53

Major events within 30
days (myocardial
infarction, stroke,
pulmonary embolism,
shock, and in-hospital
death)

Simultaneous n=1086
Staged n=341

Adjusted OR 0.72 95% CI
0.47 to 1.12, p=0.14

Readmission at 30 days
Simultaneous n=1086
Staged n=341

Adjusted OR 0.71 95% ClI
0.52 to 0.99, p=0.04

Return to operating theatre
Simultaneous n=1086

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias
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Study details

Country/ies where
the study was
carried out US

Study type
Retrospective cohort
study

Aim of the study To
“... provide an
updated analysis of
surgical utilization
for patients presenting
with synchronous
colorectal liver
metastasis

and a comparison of
real-world post-
operative outcomes
between staged and
simultaneous
resections."

Study dates 2005 to
2014

Source of funding
None reported.

Full citation Bartolini,
I., Ringressi, M. N.,
Melli, F., Risaliti, M.,
Brugia, M., Mini, E.,

Participants

Simultaneous 935 (86)
Staged 236 (69)

Total hepatic lobectomy
Simultaneous 153 (14)
Staged 106 (31)

"When comparing patients who
underwent staged resection,
patients who underwent
simultaneous resection were older
(59.2 vs. 57.4 years, p = 0.03) and
more likely to undergo partial
hepatectomy (85.9 vs. 68.9%, p <
0.01).A significantly

lower proportion of colorectal
resections were performed

using minimally invasive surgery in
the simultaneous resection group
compared to

the staged group (11.9 vs. 23.7%, p
<0.01)"

Inclusion criteria

Patients who underwent an open or
laparoscopic colorectal resection for
colorectal cancer and a liver
resection for secondary malignancy
of the liver at the time of or within 6
months before or after the colorectal
resection.

Exclusion criteria: None reported.

Sample size N =70

Synchronous combined surgery
n=25; Synchronous “bowel first”
n=14; metachronous n=31

Interventions

Interventions

"According to timing of

metastasis

presentation/treatment,

Methods

leak, acute hepatic failure, liver
abscess, transfusion, prolonged
length of stay, high hospital
charges, discharge status, and
trend in annual number of
surgeries.

Statistical analysis "A generalized
linear mixed model, accounting for
hospital clustering as random
effects, was adopted to compare
outcomes across groups, using
patients undergoing staged
resection as the reference group.
The model was adjusted for
patient demographics, surgery
year, comorbidities, use of
minimally invasive surgical, extent
of liver resection, and primary
tumor location."

Details

Data collection: Data on patients
undergoing liver resection

Outcomes and Results

Anastomotic leak
Simultaneous n=1086
Staged n=341

Adjusted OR 1.29 95% CI
0.86 to 1.92, p=0.21

Acute liver failure
Simultaneous n=1086
Staged n=341

Adjusted OR 0.38 95% ClI
0.08 to 1.72, p=0.21

Liver abscess
Simultaneous n=1086
Staged n=341

Adjusted OR 1.93 95% CI
0.79 t0 4.71, p=0.15

Data extracted from
multivariate analyses only

Timing of metastases
presentation/treatment -

Comments

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Limitations

Risk of bias assessed
using the ROBINS-I
checklist for non-

patients were divided into (Potentially curative) for first
3 groups: “synchronous  recurrence of colorectal (‘liver

combined surgery” that  only” first metastasization from
included patients who colorectal) from February 2006 to
underwent February 2018 at a single unit.

Batignani, G., Bechi,
P., Boni, L., Taddei,
A., Analysis of
prognostic factors for
resected synchronous

randomised studies of
interventions

Overall effect p = 0.053;
synchronous 'combined
surgery' = ref treatment;
synchronous 'bowel first'

Patient characteristics

Pre-intervention

39
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Study details

and metachronous

liver metastases from Age (years, range): Synchronous
combined surgery 68 (34—85);
synchronous 'bowel first' 75 (46—82);
Metachronous 70 (52-85); total 69.5

colorectal cancer,
Gastroenterology
Research and
Practice, 2018 (no
pagination), 2018

Ref Id 983195

Country/ies where
the study was
carried out: Italy

Study type:
Prospective, single-
centre observational
study

Aim of the study: To

identify
clinicopathological
factors affecting
disease-free (DFS)
and overall survival
(OS) in patients

undergoing potentially
curative liver resection

for colorectal
metastasis

Study dates:
February 2006 -
February 2018

Source of funding:
Not reported.

Participants

(34-85), p = 0.730

Sex (n, %): Male -Synchronous
combined surgery n=15 (60%),
synchronous 'bowel first' n=9
(64.3%), metachronous n=16
(51.6%), total n=40 (57.1%); female -
synchronous combined surgery n=10
(40%), synchronous 'bowel first' n=5
(35.7%), metachronous n=15
(48.4%); total n=30 (42.9%), p =

0.683

Bowel obstruction (n, %):

Synchronous combined surgery 5
(20%); Synchronous 'bowel first- 7
(50%); Metachronous 7 (22.6%);
total 19 (27.1%), p = 0.097

Site of primary tumor (n, %): Right
colon - Synchronous combined
surgery 8 (32%), Synchronous
'‘bowel first' 2 (14.3%); Metachronous
11 (35.5%); total 21 (30%); Left colon
- Synchronous combined surgery 17
(68%), Synchronous 'bowel first' 12
(85.7%), metachronous 20 (64.5%),

total 49 (70%), p = 0.343

Chemotherapy before liver surgery:
Synchronous combined surgery 2
(8%); Synchronous 'bowel first' 11
(78.6%), metachronous 20 (64.5%),

total 33 (47%), p <0.0001

Inclusion criteria: Consecutive
patients undergoing liver resection
(potentially curative) for first

Interventions

combined surgery for
primary tumor and liver
metastasis, 'synchronous
bowel first' that included
patients with metastatic
disease from the
beginning of their
neoplastic history but
liver metastases were
not treated during
colorectal surgery, and
“metachronous” that
included patients who
developed liver
metastasis after
colorectal cancer
surgery. The decision to
perform combined or
delayed surgery in
synchronous
presentation with or
without any perioperative
chemotherapy was
discussed during
Hospital Tumor Board
meetings. Patient’s
conditions (i.e.,
comorbidities, bowel
obstruction) and wishes,
number, dimension, and
position of the liver
metastases at
preoperative examination
(confirmed or not at
surgery time) were taken
into account.
Preoperative workup
included triple phase-
contrast enhanced
computed tomography
(CT) scan and

40

Methods

Patients’ data were prospectively
collected into a database which
was retrospectively reviewed.

Outcomes: Overall survival (time
between day of liver surgery and
date of death)

Disease-free survival (time
between day of liver surgery and
the diagnosis of any site of
recurrence of disease or until the
date of death or the last visit for
alive patients).

Clavien Dindo IlI-IV complications

Follow-up: 10 years. Retrieval of
follow-up data was completed
including the revision of any
available medical records and
phone call interviews.

Statistical analysis: Cox
regression

Outcomes and Results

HR = 2.8, p = 0.025;
metachronous HR = 1.1, p
=0.895.

Timing of metastases
presentation/treatment -
Overall effect p = 0.0008;
synchronous 'combined
surgery' = ref treatment;
synchronous 'bowel first'
HR =1.9, p=0.219;
metachronous HR = 0.5, p
=0.067.

Comments

Bias due to confounding:
Low risk of bias

Bias in selection of
participants into the
study: Low risk of bias

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Moderate risk of
bias. Multivariate
analyses did not include
histopathological
parameters such as
number of resected
lesions, maximum
diameter, liver margin
status, etc; due to the
aim of including patients
undergoing RFA in the
analyses.

Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details

Full citation De
Haas, R. J., Adam, R.,
Wicherts, D. A.,
Azoulay, D., Bismuth,
H., Vibert, E.,
Salloum, C.,
Perdigao, F.,
Benkabbou, A.,
Castaing, D.,
Comparison of
simultaneous or
delayed liver surgery
for limited
synchronous
colorectal metastases,
British Journal of
Surgery, 97, 1279-
1289, 2010

Ref Id 846441

Participants

recurrence of colorectal (“liver only”
first metastasization from colorectal)

from February 2006 to February
2018 at a single unit. Patients
undergoing intraoperative

radiofrequency ablation (RFA) with a

curative intent were also included.

Exclusion criteria: Patients with a
primary rectal squamocellular
carcinoma were excluded.

Sample size
Case-matched groups
n=26 simultaneous; n=26 staged

Characteristics
Case-matched groups:

Age in years, mean (SD)
Simultaneous 60 (8)
Staged 60 (8)

Male sex, n/n
Simultaneous 17/26
Staged 17/26

Number of liver metastases, n (%)
1

Simultaneous 15 (58)

Staged 15 (58)

2-3

Interventions

pancolonoscopy. Liver
volume assessment was
performed when
indicated. Magnetic
resonance and positron
emission tomography
(PET) scan were used to
rule out doubtful cases.
Intraoperative ultrasound
sonography (IOUS) was
routinely used during
liver surgery. Follow-up
was done according to a
standardized scheduled
program including CT
scan or abdominal
ultrasound, colonoscopy,
and blood test
examination. It could be
modified according to
oncologist’s indications."

Interventions
Simultaneous resection
of colorectal tumour and
liver metastases versus
delayed hepatectomy
(staged resection), both
with curative intent

"Simultaneous colorectal
and liver resection was
considered

when both the primary
tumour and all metastatic
disease could be
resected curatively,
generally in patients
with limited liver disease
necessitating a limited
hepatectomy (fewer than

41

Methods

Details

Patient data was accessed from a
prospectively collected database.
Postoperative follow-up consisted
of history, physical examination,
serum tumour markers, liver
function parameters, abdominal
ultrasound 1 month after surgery
and every 4 months thereafter.
Abdominal and thoracic CT was
performed every 8 months.
Statistical analysis "To obtain
highly comparable groups, a one-
to-one case match was performed
within the total study population,
whereby each patient who had
undergone a simultaneous
colorectal and hepatic resection
was matched with a patient in

Outcomes and Results

Results

Overall survival at 3 years
Simultaneous 67% (n=26)
Staged 76% (n=26)
p=0.78

Progression-free survival
at 1 and 2 years
Simultaneous 29% and
13% (n=26)

Staged 73% and 52%
(n=26)

p=0.007

60-day mortality
Simultaneous 0/26
Staged 0/26

Postoperative morbidity*

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention
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Study details Participants

Simultaneous 7 (27)
Country/ies where Staged 7 (27)

the study was >3

carried out France Simultaneous 4 (15)

Study type Staged 4 (15)

Retrospective cohort

study Bilateral liver metastases, n (%)

. Preoperative chemotherapy
Aim of the study To g taneous 7 (27)

compare Staged 7 (27)

simultaneous

colorectal and hepatic \;ayimum size of liver metastases in
resection with a mm, mean (SD)

delgyed sz I Simultaneous 38 (33)
patients who had a Staged 41 (21)
limited hepatectomy

(fewer than three

R Preoperative chemotherapy, n (%)

Simultaneous 8 (31)

Study dates 1990 to Staged 24 (92)

2006 Inclusion criteria

Patients with synchronous colorectal
liver metastases (diagnosed before
or during primary tumour surgery);
treated with a limited hepatectomy
(<3 liver segments)

Source of funding
None reported.

Exclusion criteria

Patients scheduled for a two-stage
hepatectomy; patients with major
hepatectomy (3 or more liver
segments resected)

Full citation Eltawil, Sample size N=174 total; n=24
K. M., Boame, N., treated with resection and RFA;

Interventions

three liver segments). In
addition, patients had to
be without general
contraindications to

a combined surgical
strategy (such as
cardiovascular or
pulmonary co-morbidity)
and with no
complications from

the primary tumour
(bowel obstruction,
perforation or
haemorrhage). All
treatment decisions were
taken during

a multidisciplinary staff
meeting that included
surgeons, medical
oncologists and
radiologists."

"If a simultaneous
resection strategy was
chosen, first the liver
resection was performed,
representing the non-
contaminated part of the
procedure, followed by
resection of the primary
colorectal tumour, which
involved a higher risk of
septic contamination. If
indicated, hepatic
resection was combined
with radiofrequency
ablation and/or
cryosurgery."

Interventions

42

Methods

whom hepatectomy had been
delayed. The following matching
criteria were used: age, sex,
number (categorized as one, two
or three, or more than three) and
distribution (unilateral or bilateral)
of CLMs at diagnosis." Survival
was analysed using the Kaplan-
Meier method and log-rank test.

Details

Outcomes and Results

Simultaneous 2/26
Staged 8/26

*Including colorectal
anastomotic leak, hepatic
complications, general
complications

Results

Comments

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Limitations
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Study details

Mimeault, R.,
Shabanafady, W.,
Balaa, F. K., Jonker,
D. J., Asmis, T. R.,
Martel, G., Patterns of
recurrence following
selective
intraoperative
radiofrequency
ablation as an adjunct
to hepatic resection
for colorectal liver
metastases, Journal
of Surgical Oncology,
110, 734-738, 2014

Ref Id 846678

Country/ies where
the study was
carried out Canada

Study type
Retrospective cohort

Aim of the study To
“... analyze the
patterns of recurrence
following
intraoperative
radiofrequency
ablation (RFA)
combined with hepatic
resection for patients
with colorectal liver
metastases"

Study dates January
2003 to December
2009

Source of funding
"The Liver and

Participants

n=150 treated with resection without

RFA

Characteristics
"The median age was significantly

lower in the RFA/resection group

compared to the resection only
group. Chemotherapy was used in a
majority of cases, although a greater
proportion of RFA/ resection patients

had neoadjuvant therapy (79% vs.

43%, P=0.18).

Patients who underwent RFA

/resection had a greater number of
total liver lesions (median of 2 vs. 1

resected lesions, P=0.01; plus
median of 1 ablated lesion in
RFA/resection)."

Inclusion criteria

"(1) patients who underwent liver
resection for CLM with curative
intent; (2) histologically proven
colorectal carcinoma;

(3) the absence of disseminated

metastatic disease on preoperative
imaging (except lung and/or primary
tumor site recurrence where there
was also an anticipation to curatively
address these lesions); and (4) age

>18 years."

Exclusion criteria None reported.

Interventions

"Typically, the use of
RFA in combination with
resection was confined to
(1) patients in whom
complete resection of
disease leaving sufficient
hepatic parenchyma to
support post-resection
liver function was judged
borderline or not
possible, and (2) patients
with tumors localized in
the liver in such a way
that complete resection
was judged overly
morbid. The decision to
utilize RFA for otherwise
resectable lesions was
individualized, and took
into account various
patient-level (age,
comorbidities, BMI,
underlying liver
parenchyma, number of
cycles, and type of
chemotherapy) and
tumor-level factors (size,
response to
chemotherapy, proximity
to major vessels, and/or
bile ducts). The decision
was based on the
surgeon’s judgment
regarding the

perceived morbidity of
resection for a given
patient in the context of
his/her comorbidities,
and residual liver size
and quality."

43

Methods

Patient data was accessed from

the institutional database.

Primary endpoint was disease
recurrence in the liver. Secondary
endpoint was overall survival and

recurrence-free survival.

Statistical analysis

Survival was analysed using the
Kaplan-Meier method with log-

rank test. Multivariate Cox
regression models were

constructed, variables were
included in the model if they
reached a p<0.2 in the univariate
regression. Variables with p<0.2
in the univariate analysis: age,
pre-operative CEA, primary site,
neoadjuvant chemotherapy,
median size of metastases, no of

resected metastases.

Outcomes and Results

Overall survival, median 35

months of follow-up
Resection with RFA n=24
Resection alone n=150
Adjusted HR 1.02 95% CI
0.55 to 1.88, p=0.95

Recurrence-free survival,
median 35 months of
follow-up

Resection with RFA n=24
Resection alone n=150
Adjusted HR 1.51 95% CI
0.94 t0 4.42, p=0.08

Comments

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent
FINAL (January 2020)



FINAL

Optimal combination and sequence of treatments in patients presenting with metastatic colorectal cancer in the liver amenable to treatment with curative intent

Study details

Pancreas Unit,
Ottawa Hospital,
receives

unrestricted funding
for clinical and
administrative support
from Sanofi."

Full citation Gleisner,
A. L., Choti, M. A,,
Assumpcao, L.,
Nathan, H., Schulick,
R. D., Pawlik, T. M.,
Colorectal liver
metastases:
Recurrence and
survival following
hepatic resection,
radiofrequency
ablation, and
combined resection-
radiofrequency
ablation, Archives of
Surgery, 143, 1204-
1212, 2008

Ref Id 847034

Country/ies where
the study was
carried out US

Study type
Retrospective cohort

Aim of the study “To
evaluate outcome
following resection
alone, combined
resection-RFA, and
RFA alone."

Participants

Sample size N=55 resection with
RFA; n=192 resection alone

Characteristics

Median age 61 years (IQR 53-69.5)
Male sex 169/258

Synchronous disease 71/258

"Patients who underwent resection
alone were more likely to have larger
tumors (median size, 3.5 cm; IQR,
2.0-5.0 cm) vs patients who
underwent resection-RFA (median
size, 2.5 cm; IQR, 1.9-4.0 cm)
(P=.02). In contrast, patients who
underwent resection alone had fewer
hepatic metastases (median, 1
metastasis; IQR, 1-2 metastases)
than patients who underwent
resection-RFA (median, 5
metastases; IQR, 3-6 metastases)
(P<.001).

Among patients who underwent
resection alone, 58.3% had solitary
tumors (P<.001). Preoperative
systemic chemotherapy was less
commonly administered to patients
before resection alone (38.0%) vs
before resection-RFA (65.5%)
(P<.001)."

Inclusion criteria Patients “... with
colorectal liver metastases who were
operated on with curative intent were

Interventions

Interventions
"Radiofrequency ablation
of hepatic lesions was
performed at the time of
laparotomy according to
a standardized treatment
algorithm. Intraoperative
ultrasonography was
used to insert needles
into the lesions to be
treated by RFA.
Radiofrequency ablation
was administered using
an RFA generator (RITA
Model 1500X; Rita
Medical Systems, Inc,
Fremont, California) with
an enhanced device
(Starburst XL or XLi, Rita
Medical Systems, Inc)
wherever applicable."
Patients were treated
with RFA in combination
with resection when "at
least 1 hepatic tumor
was considered
unresectable because of
location of the disease,
inadequate liver remnant,
proximity of tumor to
major vascular
structures, or the
presence of medical

44

Methods

Details

Patient data accessed from a
prospective institutional database.
Endpoints of interest were
systemic and hepatic recurrence,
overall survival and disease-free
survival.

Statistical analysis - Kaplan-Meier
method and log-rank test were
used for survival outcomes. "To
adjust for relative intergroup
differences in known risk factors
for disease-free and overall
survival, a matched control
analysis was performed. Patients
who underwent RFA with or
without resection (ie, cases) were
matched 1:1 with patients who
underwent resection alone (ie,
controls). Matching was
moderately successful in
identifying cohorts of patients with
comparable age, sex, primary
tumor characteristics, and
metastatic levels of hepatic
disease burden (ie, similar
number and size of liver lesions)."
Because not all factors that

were different among the
treatment groups were able to be
matched a multivariate Cox
regression model was used.
"Variables that were significant on

Outcomes and Results

Results

Overall survival
Resection with RFA n=55
Resection alone n=192
Adjusted HR 2.82 95% CI
1.64 to 4.85

Disease-free survival
Resection with RFA n=55
Resection alone n=192
Adjusted HR 2.09 95% CI
1.28 to 3.42

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details

Study dates January
1 1999 to August 30
2006

Source of funding
None reported.

Full citation Hof, J.,
Joosten, H. J.,
Havenga, K., De
Jong, K. P.,
Radiofrequency
ablation is beneficial
in simultaneous
treatment of
synchronous liver
metastases and
primary colorectal
cancer, PLoS ONE,
13 (3) (no pagination),
2018

Ref Id 847352

Country/ies where
the study was
carried out
Netherlands

Study type
Retrospective cohort
study

Aim of the study To
"... analyze short-term
and long-term
outcome of RFA in

Participants

included in the study. In addition,
only patients undergoing their first
liver-directed therapy were included.
Similarly, only RFA treatments that
were performed at the time of open
laparotomy were included."

Exclusion criteria Patients “...who
underwent percutaneous or
laparoscopic-assisted RFA were
excluded."

Sample size N=106 simultaneous
resection; n=120 staged resection
(bowel resection first)

Characteristics

Age in years, mean (SD)
Simultaneous 62 (12)
Colorectal first 62 (9)

Male sex, n (%)
Simultaneous 37 (53)
Colorectal first 34 (49)

Extent of liver surgery, n (%)
23 segments

Simultaneous 25 (36)
Colorectal first 27 (39)

1-2 segments

Simultaneous 13 (19)
Colorectal first 14 (20)

RFA or wedge resection
Simultaneous 32 (46)
Colorectal first 29 (41)

RFA as part of treatment, n (%)
RFA + resection

Simultaneous 19 (30)
Colorectal first 11 (16)

RFA only

Simultaneous 11 (16)

Interventions

comorbidities that
precluded major hepatic
resection. Tumors were
considered for RFA if
near a major hepatic vein
branch but not if adjacent
to major biliary structures
near the liver hilum."

Interventions
Simultaneous resection
of the colorectal cancer
and liver metastases
versus colorectal cancer
resection first followed by
a resection of the liver
metastases. "During all
simultaneous
procedures,
intraoperative RFA was
performed under
ultrasound guidance,
using the RF 3000 TM
Radio Frequency
Ablation System."

"Most patients who
underwent the colorectal-
first procedure are
treated for colorectal
cancer in a primary
hospital. Another reason
for not performing
simultaneous surgery is
comorbidity or large liver
resections (>70% of liver
volume). In simultaneous
procedures, we always
performed the liver
procedure first and the

45

Methods

univariate analysis or variables
that were unbalanced among the
treatment groups were included in
the final multivariate model."

Details

Patient data was accessed from a
prospectively collected database
of all patients with colorectal liver
metastases in the study hospital.

Statistical analysis

For survival, Kaplan-Meier
method was used with log-rank
test. "In order to compare
survival, a propensity score
matching was used to reduce the
influence of selection bias."
"Covariates used for matching
were location of the primary
tumor, type of colorectal surgery,
major/minor liver surgery, type of
liver procedure, sex, age,
neoadjuvant chemotherapy and
clinical risk score"

Outcomes and Results

Results

Overall survival at 5 years

Simultaneous 43.8%
Colorectal first 43.0%
Median survival time

Simultaneous 48.9 months

95% Cl 42.8 to 55.0
months

Colorectal first 55.2
months 95% CI 41.7 to
68.7 months

p=0.223

Overall survival was not
added to Forest plots as
the Kaplan Meier curves
cross indicating the log-

rank test / HR would not be

useful.

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details

simultaneous
treatment. A
secondary aim was to
compare
simultaneous
resection

with the colorectal-first
approach."

Study dates 2000 to
2016

Source of funding
The authors received
no funding.

Full citation Imai, K.,
Allard, M. A., Castro
Benitez, C., Vibert, E.,
Sa Cunha, A.,
Cherqui, D., Castaing,
D., Baba, H., Adam,
R., Long-term
outcomes of
radiofrequency

Participants
Colorectal first 14 (20)

Low clinical risk score (0-2)

Simultaneous 37 (53)
Colorectal first 36 (51)

Diameter of liver metastasis in cm,

median (IQR)
Simultaneous 2.5 (2.5)
Colorectal first 3.0 (3.5)

Neoadjuvant chemotherapy, n (%)

Simultaneous 35 (50)
Colorectal first 32 (46)

Primary tumour in rectal site, n (%)

Simultaneous 36 (51)
Colorectal first 34 (49)

Bilobar liver disease, n (%)

Simultaneous 23 (33)
Colorectal first 32 (46)

Inclusion criteria Patients with
synchronous colorectal liver
metastases who underwent a radical
resection of the colorectal cancer
and a radical resection and/or
ablation of the liver metastases;
tumour-free resection margin (RO)

Exclusion criteria None reported.

Sample size N=31 liver resection
with RFA; n=93 liver resection alone

Characteristics

Age in years, median (range)
Resection + RFA 59 (33-73)
Resection alone 58 (29-81)

Male sex, n/n

Interventions

colorectal surgery
second."

Interventions

"If removal of all tumours
could not be achieved by
single hepatectomy,
specific techniques, such
as RFA and/or portal
vein embolization, were
added."

46

Methods

Details

Data collection

Patient data accessed from a
prospectively collected database.
Follow-up "After treatment, all
patients underwent regular follow-
up to monitor serum CEA and
CA19-9 levels, and imaging
studies,

Outcomes and Results

Results

Intrahepatic disease-free
survival, median 36
months of follow-up
Resection + RFA n=31
Resection alone n=93
HR 1.10 95% CI 0.65 to
1.79, p=0.705

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent
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Study details

ablation combined
with hepatectomy
compared with
hepatectomy alone for
colorectal liver
metastases, The
British journal of
surgery, 104, 570-
579, 2017

Ref Id 847465

Country/ies where
the study was
carried out France

Study type
Retrospective cohort
study

Aim of the study
To “... evaluate

the therapeutic
efficacy of RFA in
combination with
hepatectomy in
comparison with
hepatectomy alone in
patients with CRLM
using a propensity
score-matched
analysis."

Study dates 2001 to
2012

Source of funding
None reported.

Full citation Kaibori,
M., Iwamoto, S.,
Ishizaki, M., Matsui,
K., Saito, T.,

Participants

Resection + RFA 20/31
Resection alone 60/93

Synchronous disease, n (%)
Resection + RFA 27 (87)
Resection alone 85 (91)

Preoperative chemotherapy, n (%)
Resection + RFA 30 (97)
Resection alone 88 (95)

Inclusion criteria Patients “.... who
underwent hepatectomy for CRLM
between 2001 and 2012 at Hopital
Universitaire Paul Brousse, Villejuif,
France."

Exclusion criteria Patients “who
underwent repeat surgery or non-
curative surgery (liver R2 resection
and/or extrahepatic disease or
primary tumour not resected) were
excluded."

Sample size N=32 simultaneous;

Interventions

"Hepatectomy combined
with RFA was in principle
performed in patients
with no more than three
contralateral liver
metastases, with a
maximum tumour
diameter in the remnant
liver of less than 30 mm.
If complete treatment
was impossible by one-
stage hepatectomy, even
when combined

with portal embolization
or RFA, two-stage
hepatectomy was
considered."

Interventions

n=42 staged (delayed liver resection) Simultaneous resection

Characteristics

versus staged resection

(delayed liver resection)

47

Methods

including ultrasonography and
abdominal and thoracic CT
(alternately) to detect any
intrahepatic or distant
recurrence." Overall survival was
defined as the time from the date
of hepatic resection to death or
last follow-up. Disease-free
survival was defined as the time
from resection to first recurrence
or death. Intrahepatic disease-free
survival was defines as the time
from date of resection and first
intrahepatic recurrence.
Statistical analysis "To overcome
bias caused by uneven
distribution of prognostic factors
between groups, a propensity
score analysis with 1:3 matching
was used. Matching was done
based on propensity scores,
including 12 variables that had P
<0-300 (age, primary N category,
primary tumour location, timing of
liver metastases, distribution of
liver metastases, initial
unresectability, preoperative
chemotherapy, number of
tumours at hepatectomy,
presence of concomitant
extrahepatic disease, portal vein
embolization, 2-step approach,
and major hepatectomy involving
at least 3 segments)." Survival
was analysed using the Kaplan-
Meier method and log-rank test.

Details

Patient data was accessed from
medical records. "All of the
patients who survived were

Outcomes and Results

Overall survival, median 36

months of follow-up
Resection + RFA n=31
Resection alone n=93
HR 1.16 95% CI 0.59 to
2.19, p=0.649

Disease-free survival,
median 36 months of
follow-up

Resection + RFA n=31
Resection alone n=93
HR 0.96 95% CI 0.60 to
1.50, p=0.865

90-day mortality
Resection + RFA 1/31
Resection alone 0/93

Grade 23 postoperative
complications
Resection + RFA 6/31
Resection alone 22/93

Results

Hepatic disease-free
survival at 5 years
Simultaneous n=32 43.2%

Comments

expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
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FINAL (January 2020)



FINAL

Optimal combination and sequence of treatments in patients presenting with metastatic colorectal cancer in the liver amenable to treatment with curative intent

Study details

Yoshioka, K.,
Hamada, Y., Kwon, A.
H., Timing of
resection for
synchronous liver
metastases from
colorectal cancer,
Digestive Diseases
and Sciences, 55,
3262-3270, 2010

Ref Id 847643

Country/ies where
the study was
carried out Japan

Study type
Retrospective cohort
study

Aim of the study To
compare surgical
outcomes and long-
term survival after
simultaneous or
delayed resection of
liver metastasis and to
investigate the factors
influencing hepatic
disease-free survival.

Study dates February
1993 to March 2007

Source of funding
None reported.

Full citation Masuda,
T., Margonis, G. A.,
Andreatos, N., Wang,
J., Warner, S., Mirza,
M. B., Angelou, A.,

Participants

Age in years, mean (SD)
Simultaneous 62 (9.3)
Staged 65 (9.9)

Male sex, n/n
Simultaneous 17/32
Staged 27/42

Primary tumour in rectum, n/n
Simultaneous 5/32
Staged 14/42

Adjuvant chemotherapy, n/n
Simultaneous 0/32
Staged 25/42

Inclusion criteria Patients with
synchronous colorectal liver
metastases undergoing complete
R(0) resection.

Exclusion criteria None reported.

Sample size N = 717. Patients with
tumors <4 (n=568): Hepatic resection heaptic resection + RFA.
only n=520; hepatic resection + RFA At Johns Hopkins
University, hepatic
resection + RFA was

n =48

Interventions

Hepatic resection only vs

Methods

followed-up after discharge with
physical examination, liver
function tests, ultrasound, CT, or
MRI being performed at least
every 3 months to check for
intrahepatic recurrence, and chest
radiographs to detect

pulmonary metastasis. Chest X-
ray films and CT scans were
obtained every 3 months and 6
months, respectively."

Statistical analysis - Survival was
analysed using the Kaplan-Meier
method with log-rank test. "All of
the variables that were significant
according to univariate analysis
were then examined using Cox’s
proportional hazards model to
identify those variables with an
independent influence on hepatic
disease-free survival."

Details

Data collection: Data for included Data extracted from
multivariate analyses only

patients were collected via two
institutions. Information on

Outcomes and Results

Staged n=42 59.5%
HR 3.72 95% CI 1.49 to
9.26, p=0.0049

Comments

Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Limitations

Risk of bias assessed
using the ROBINS-I
checklist for non-

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent
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Study details

Damaskos, C.,
Garmpis, N., Sasaki,
K., He, J., Imai, K.,
Yamashita, Y. |.,
Wolfgang, C. L.,
Baba, H., Weiss, M.
J., Combined hepatic
resection and radio-
frequency ablation for
patients with
colorectal cancer liver
metastasis: A viable
option for patients
with a large number of
tumors, Anticancer
Research, 38, 6353-
6360, 2018

Ref Id 983402

Country/ies where
the study was
carried out: Japan
and US.

Study type:
Retrospective
observational analysis
conducted in two
centres

Aim of the study: To
compare overall
survival of patients
who had hepatic
resection plus RFA
versus hepatic
resection only
according to number
of tumours (with the
presence of <4
lesions defined as

Participants

Patient characteristics

Patients with tumors <4 (n=568;
hepatic resection n=520; hepatic
resection + RFA n=48):

Age, mean: Hepatic resection
59.8+12.5; hepatic resection + RFA
57.6+12.0, p = 0.23

Gender: Male - Hepatic resection
311 (59.8%); Hepatic resection +
RFA 31 (64.6%); Female - hepatic
resection 209 (40.2%); hepatic
resection + RFA 17 (35.4%), , p =
0.54

Primary tumor location: Colon -
hepatic resection 378 (72.7%);
hepatic resection + RFA 41 (85.4%);
Rectum - hepatic resection 142
(27.3%); hepatic resection + RFA 7
(14.6%), p = 0.06

Primary N status: Negative - hepatic
resection 168 (32.3%); hepatic
resection + RFA 16 (33.3%); Positive
- hepatic resection 352 (67.7%);
hepatic resection 32 (66.7%), p =
0.87

Concurrent primary tumor resection:
Yes - hepatic resection 117 (22.5%);
hepatic resection + RFA 9 (18.8%);
No - hepatic resection 403 (77.5%);
hepatic resection + RFA 39 (81.2%),
p=0.71

KRAS mutation (data obtained from
397 patients): Mutant - hepatic
resection 136 (38.3%); hepatic
resection + RFA 15 (35.7%); Wild -

Interventions

selected when at least
one hepatic tumor was
considered unresectable
because of its location,
inadequate liver remnant,
proximity of tumor to
major vascular structure,
or presence of medical
comorbidities that
precluded major hepatic
resection. At Kumamoto
University, hepatic
resection + RFA was
performed in patients
with initially unresectable
multiple metastases and
had already received
chemotherapy for CRLM.

49

Methods

preoperative patient
characteristics including age,
gender, primary tumor location
(colon vs. rectum), primary lymph
node metastasis (N) status,
concurrent primary tumor
resection, KRAS mutation status,
serum carcinoembryonic antigen
(CEA) level, presence of
extrahepatic metastasis,
administration of preoperative
chemotherapy, size of the largest
liver metastasis and number of
CRLM were collected for each
included patient. Data on tumor
size and number were obtained
with the aid of preoperative CT or
MRI; information on the size and
number of tumors treate with
hepatic resection and RFA was
also collected, based on the
findings of pathology. Patients’
survival data after hepatic
resection were obtained. "

Outcomes: Overall survival
Follow-up: 120 months

Statistical analysis: Kaplan Meier
and log rank test

Outcomes and Results

OS: Pre-operative
prognostic factors for
patients with tumors =4
(n=149) (not clear how
poor prognosis was
defined)

Combination of RFA (Yes):

HR 1.03 (95% Cl 0.54 to
1.96), p = 0.93

Primary N (positive): HR

1.98 (95% CI 1.02 to 3.86),

p = 0.044

KRAS mutation (mutant):
HR 4.02 (95% CI 1.91 to
8.40), p <0.001

Extrahepatic metastasis
(present): HR 4.93 (95%
Cl 2.04 to 11.9), <0.001

Preoperative
chemotherapy (Yes): HR

2.92 (95% CI1 0.92 to 9.26),

p =0.07

Preoperative prognostic
factors for patients with
tumors <4 (n=568).

Combination of RFA (Yes):

HR 1.89 (95% ClI 1.24 to
2.87), p = 0.003

Primary N (positive): HR

1.27 (95% C10.91 to 1.78),

p=0.16

CEA (230 ng/ml): HR 2.12
(95% Cl 1.51 t0 2.98), p
<0.001

Comments

randomised studies of
interventions

Pre-intervention

Bias due to confounding:
Low risk of bias

Bias in selection of
participants into the
study: Low risk of bias

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias

Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details Participants Interventions Methods Outcomes and Results Comments

small number and the
presence of 24 liver
lesions as big
number); furthermore,
factors associated
with poor survival
among patients with
<4 and 24 liver
lesions were also
assessed.

Study dates: January
2000 - January 2015

Source of funding:
Not reported

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent

hepatic resection 219 (61.7%);
hepatic resection + RFA 27 (64.3%),
p=0.87

CEA (ng/ml - data obtained from 347
patients):hepatic resection
36.6+£127.2; hepatic resection + RFA
22.6+52.4,p=0.48

Extrahepatic metastasis: Present -
hepatic resection 50 (9.6%); hepatic
resection + RFA 4 (8.3%); Absent -
hepatic resection 470 (90.4%);
hepatic resection + RFA 44 (91.7%),
p >0.99

Preoperative chemotherapy: Yes -
hepatic resection 353 (67.9%);
hepatic resection 42 (87.5%); No -
hepatic resection 167 (32.1%);
hepatic resection + RFA 6 (12.5%), p
=0.005

Tumor size (cm): hepatic resection
3.2+2.3; hepatic resection + RFA
2.841.7,p =0.20

Tumor number, median (IQR):
hepatic resection 1 (1-2); hepatic
resection + RFA 2 (2-3), p <0.001

Patients with tumors 24 (n=149;
hepatic resection n=81; hepatic
resection + RFA n=68):

Age, mean: hepatic resection
56.9+£12.4; hepatic resection + RFA
58.7£10.6, p = 0.37

Gender: Male - hepatic resection 45
(55.6%); hepatic resection + RFA 43
(63.2%); Female: hepatic resection

FINAL (January 2020)
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Extrahepatic metastasis
(present): HR 1.84 (95%
Cl1.15t0 2.93), p = 0.01

Preoperative
chemotherapy (Yes): HR
1.45 (95% CI 1.03 to 2.05),
p =0.03

Prognosis of patients
without extrahepatic
metastases and with >4
hepatic lesions who
underwent hepatic
resection + RFA vs.
hepatic resection alone.

5 year OS (patients with
extrahepatic metastases
excluded from analysis):
Hepatic resection + RFA
(n=61) 34.0% vs hepatic
resection alone (n=75)
35.4% (p=0.66).
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Study details Participants Interventions Methods Outcomes and Results Comments

36 (44.4%); hepatic resection + RFA
25 (36.8%), p = 0.40

Primary tumor location: Colon -
hepatic resection 58 (71.6%); hepatic
resection + RFA 56 (82.4%); Rectum
- hepatic resection 23 (28.4%);
hepatic resection + RFA 12 (17.6%),
p=0.17

Primary N status: Negative - hepatic
resection 30 (37.0%); hepatic
resection + RFA 22 (32.4%); Positive
- hepatic resection 51 (63.0%);
hepatic resection + RFA 46 (67.6%),
p=0.61

Concurrent primary tumor resection:
Yes - hepatic resection 20 (24.7%);
hepatic resection + RFA 10 (14.7%);
No - hepatic resection 61 (75.3%);
hepatic resection + RFA 58 (85.3%),
p = 0.008

KRAS mutation (Data obtained from
97 patients): Mutant - hepatic
resection 17 (33.3%); hepatic
resection + RFA 20 (43.5%); Wild -
hepatic resection 34 (66.7%); hepatic
resection + RFA 26 (56.5%), p = 0.40

CEA (ng/ml - data obtained from 82
patients):hepatic resection
134.44+831.8; hepatic resection +
RFA 28.6+89.4, p = 0.33

Extrahepatic metastasis: Present -
hepatic resection 6 (7.4%); hepatic
resection + RFA 7 (10.3%); Absent -
hepatic resection 75 (92.6%); hepatic
resection 61 (89.7%), p = 0.57
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Study details

Full citation Mayo, S.
C., Pulitano, C.,
Marques, H.,
Lamelas, J.,
Wolfgang, C. L., De
Saussure, W., Choti,
M. A., Gindrat, .,
Aldrighetti, L.,
Barrosso, E., Mentha,
G., Pawlik, T. M.,
Surgical management
of patients with
synchronous
colorectal liver
metastasis: A
multicenter
international analysis,
Journal of the
American College of
Surgeons, 216, 707-
718, 2013

Participants

Preoperative chemotherapy: Yes -

hepatic resection 66 (81.5%); hepatic

resection + RFA 61 (89.7%); No -

hepatic resection 15 (18.5%); hepatic

resection + RFA 7 (10.3%), p = 0.17

Tumor size (cm): hepatic resection
3.1+2.4; hepatic resection + RFA
2.8+1.6,p= 0.45

Tumor number, median (IQR):
hepatic resection 5 (4-7); hepatic
resection + RFA 5 (4-10), p =0.10

Inclusion criteria: Not reported
specifically.

Exclusion criteria: Not reported
specifically.

Sample size N=329 simultaneous
resection; n=675 staged resection
(n=647 colorectal first; n=28 liver
first)

Characteristics

Age in years, median (SD)
Simultaneous 60 (30)
Colorectal first 61 (18)
Liver first 58 (12)

Male sex, n (%)
Simultaneous 185 (56)
Colorectal first 396 (61)
Liver first 17 (61)

Primary cancer in rectum, n (%)
Simultaneous 91 (28)
Colorectal first 170 (26)

Liver first 15 (54)

Bilateral hepatic disease, n (%)

Interventions

Interventions
Simultaneous resection
of colorectal cancer and
liver metastases versus
staged resection (mainly
colorectal first)

52

Methods

Details
Patient data was accessed from a
multi-institutional database.

No details are provided about
follow-up.

Statistical analysis: Survival was
analysed using the Kaplan-Meier
method and log-rank test and
multivariate Cox regression
analysis.

Outcomes and Results

Results

Overall survival, median 34

months of follow-up
Simultaneous n=329
Staged n=675

Adjusted HR 1.08 95% CI
0.88 to 1.31, p=0.472

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent
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Study details

Ref Id 848512

Country/ies where
the study was
carried out ltaly,
Portugal, Switzerland,
usS

Study type
Retrospective cohort
study

Aim of the study

To “... investigate the
surgical management
and outcomes of
patients

with primary colorectal
cancer and
synchronous liver
metastasis."

Study dates October
1982 to June 2011

Source of funding
None reported.

Full citation Mitry, E.,
Fields, A. L. A,,
Bleiberg, H.,

Participants

Simultaneous 124 (38)
Colorectal first 240 (38)
Liver first 16 (64)

>2 hepatic metastases, n (%)
Simultaneous 112 (35)
Colorectal first 14 (58)

Liver first 199 (33)

Size of metastases in cm, median
(SD)

Simultaneous 3.0 (2.7)

Colorectal first 3.5 (3.1)

Liver first 3.0 (2.4)

Extrahepatic metastases, n (%)
Simultaneous 47 (7)

Colorectal first 69 (11)

Liver first 1 (4)

Inclusion criteria Patients with
colorectal cancer and synchronous
liver metastases who underwent
surgery with curative intent for both
primary cancer and metastases. "If
the patient had extrahepatic
colorectal metastasis, the
extrahepatic disease had to be
surgically addressed with curative
intent either at the time of the hepatic
operation or at another date for the
patient to be included in the study
cohort."

Exclusion criteria Previous hepatic
resections or ablations of the
colorectal liver metastases; patients
undergoing ablation only.

Sample size N=302 randomised;

Interventions

Interventions
"FU 400 mg/m?
administered

53

Methods

Details
Randomisation and allocation
concealment

Outcomes and Results

Results
Overall survival

Comments

interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Limitations
Cochrane risk of bias
tool
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Study details

Labianca, R., Portier,
G., Tu, D., Nitti, D.,
Torri, V., Elias, D.,
O'Callaghan, C.,
Langer, B.,
Martignoni, G.,
Bouche, O.,
Lazorthes, F., Van
Cutsem, E., Bedenne,
L., Moore, M. J.,
Rougier, P., Adjuvant
chemotherapy after
potentially curative
resection of
metastases from
colorectal cancer: A
pooled analysis of two
randomized trials,
Journal of Clinical
Oncology, 26, 4906-
4911, 2008

Ref Id 844662

Country/ies where
the study was
carried out Belgium,
Canada, France, Italy,
Switzerland

Study type Two
phase Ill RCTs
(Federation
Francophone de
Cancerologie
Digestive Trial
9002/Association de
Chirugie Hepato-
Biliare et de
Transplantation
Hepatique/Association
Universitaire de

Participants

n=148 allocated to adjuvant
chemotherapy; n=154 allocated to
surgery alone

Characteristics

Age in years, median (range)
Adjuvant chemotherapy 63 (35-77)
Surgery alone 62 (20-82)

Male sex, n (%)
Adjuvant chemotherapy 80 (58)
Surgery alone 89 (64)

Age 270 years, n (%)
Adjuvant chemotherapy 28 (20)
Surgery alone 29 (21)
Primary tumour in rectum, n (%)
Adjuvant chemotherapy 49 (36)
Surgery alone 51 (36)

Prior chemotherapy, n (%)
Adjuvant chemotherapy 39 (28)
Surgery alone 38 (28)

Site of metastases, n (%)

Liver

Adjuvant chemotherapy 130 (94)
Surgery alone 131 (94)

Lung

Adjuvant chemotherapy 7 (5)
Surgery alone 6 (4)

Unknown

Adjuvant chemotherapy 1 (1)
Surgery alone 3 (2)

Number of metastases, median
(range)

Adjuvant chemotherapy 1 (1-7)
Surgery alone 1 (1-4)

=22 metastases, n (%)
Adjuvant chemotherapy 46 (33)

Interventions

intravenously once daily
for 5 days plus DL-
leucovorin 200 mg/m?
administered
intravenously for 5 days
(FFCD) or FU 370 mg/m?
plus L-leucovorin 100
mg/m? for 5 days (ENG),
both given for six cycles
at 28-day intervals.
Adjuvant chemotherapy
started between 10 and
35 days after surgery in
the FFCD trial, whereas
randomization had to
occur within 49 days
from surgery and
treatment had to begin
within 7 days from
randomization in the
ENG trial."
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Methods

FFCD trial: randomisation was
stratified by the number of
metastases (1 or 22), maximum
size of metastases (<5 or >5 cm),
disease-free interval between
primary tumour resection and liver
progression (<1 or >1 year), and
prior adjuvant chemotherapy (yes
or no).

ENG trial: randomisation was
stratified by treatment centre,
number of metastases (1

or 22), disease-free interval
between primary tumour resection
and liver progression (><6 or =6
months), site of resected
metastatic disease (liver or lung),
and prior adjuvant chemotherapy
(yes or no).

No other details provided.

Follow-up/outcomes

Monthly follow-up during the
adjuvant chemotherapy treatment.
Follow-up visits included taking
history, physical examination,
assessment of performance
status, full blood count, serum
biochemistry (and CEA level in
the FFCD trial). In the FFCD trial:
thereafter evaluation every 3
months until 2 years after
randomisation, thereafter yearly
including history, physical
examination, chest X-ray (chest
CT as indicated), abdominal
ultrasound, and CEA level. In the
ENG trial: thereafter an
assessment at 9 months and 12
months from randomisation, then
every 6 months until 5 years from
randomisation, then yearly,

Outcomes and Results

HR 1.32 95% CI 0.95 to
1.82, p=0.095
(chemotherapy as
reference, when
calculated* as surgery
alone as reference HR

0.76 95% CI 0.55 to 1.05)

Median overall survival
time

Adjuvant chemotherapy 62

months 95% CI 45.2
months to not reached

Surgery alone 47.3 months

95% Cl1 40.6 to 57.2
months

Progression-free survival
HR 1.32 95% CI 1.00 to
1.76,

p=0.058 (chemotherapy as

reference, when
calculated* as surgery
alone as reference HR

0.76 95% CI 0.56 to 1.00)

Median progression-free
survival time
Adjuvant chemotherapy

27.9 months 95% Cl 21.0

to 41.9 months

Surgery alone 18.8 months

95% Cl 14.7 to 23.8
months

Grade 3 or 4 adverse
events (in FFCD trial)**
Adjuvant chemotherapy
20/86

Surgery alone N/A

*Calculated by the NGA
technical team.

Comments

Selection bias

Random sequence
generation: unclear risk
(Details not reported.)
Allocation concealment:
unclear risk (Not
reported.)

Performance bias
Blinding of participants
and personnel:
unclear/high risk (No
blinding.)

Detection bias
Blinding of outcome
assessment:
unclear/high risk (No
blinding. Risk of bias
depends on the
outcomes.)

Attrition bias
Incomplete outcome
data: low risk

Reporting bias
Selective reporting: low
risk

Other bias
Other sources of bias: -

Other information
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Study details

Recherche en
Chirurgie Vasculaire

Methods

including history, physical
examination, chest X-ray (chest

Outcomes and Results Comments

**From Portier et al 2006
reporting FFCD trial only.

Participants Interventions

Surgery alone 44 (31)

trial [FFCD trial;
EORTC Trial
40923/National
Cancer Institute of
Canada Clinical Trials
Group Trial
CO.7/Gruppo Italiano
di Valutazione
Interventi in Oncologia
CO.3 trial [ENG trial])

Aim of the study To
"... evaluate the

Disease-free interval between
primary tumour resection and
diagnosis of metastatic disease >1
years, n (%)

Adjuvant chemotherapy 78 (57)
Surgery alone 80 (57)

Inclusion criteria Histologically
proven colorectal cancer; free of
clinically detectable disease by RO
surgical resection of the primary
tumour; <4 metastases located in a
single location (FFCD trial: liver;

CT if indicated), and abdominal
ultrasound/CT/MRI.

Primary endpoint in the FFCD trial
was disease-free survival at 2
years and in the ENG trial overall
survival. Secondary endpoint in
the FFCD trial was overall survival
and in the ENG trial disease-free
survival. Disease-free survival
calculated from the date of
metastases resection to date of
proven recurrence or death from
any cause; overall survival was

benefit of ENG trial: liver or lung); negative calculated from the date of
postoperative resection margins by histologic metastases resection to death
chemotherapy with examination; ECOG performance from any cause.

bolus FU plus status 0-2; <76 years of age (FFCD

leucovorin compared
with surgery alone
after potentially
curative resection of
metastases from
colorectal cancer."

trial); biologic tests compatible with
chemotherapy administration; no
primary cancer of any other site; no
previous chemotherapy except
adjuvant treatment of their primary
tumour (ENG trial: minimum of 6
months between cessation of

Statistical analysis

Survival estimates analysed with
Kaplan Meier method and log-
rank test. Cox proportional hazard
regression stratified by trial,
variables included in the model:
age, performance status,

Study dates chemotherapy and diagnosis of treatment group, number of
Decemeber 1991 to  metastatic disease; FFCD trial: metastases, maximum size of
Decemeber 2001 adjuvant chemotherapy finished metastases, previous

(FFCD trial) and before diagnosis of metastatic chemotherapy, disease-free

February 1994 to
January 1998 (ENG
trial)

Source of funding
Association pour la
Recherche en
Oncologie Digestive

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent

disease); no uncontrolled medical
condition that would be aggravated
by treatment; adequate
contraception, not pregnant or
breastfeeding.

Exclusion criteria Distant lymph
nodes, including metastases to the
porta hepatis or mediastinal nodes;
metastases to other organs
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Study details

Full citation Moug, S.
J., Smith, D., Leen,
E., Roxburgh, C.,
Horgan, P. G.,
Evidence for a
synchronous
operative approach in
the treatment of
colorectal cancer with
hepatic metastases: a
case matched study,
Eur J Surg
OncolEuropean
journal of surgical
oncology : the journal
of the European
Society of Surgical
Oncology and the
British Association of
Surgical Oncology,
36, 365-70, 2010

Ref Id 911447

Country/ies where
the study was
carried out UK

Study type
Retrospective
matched cohort study

Aim of the study To
"... determine

short and long term
patient outcomes, this
study cased matched
patients undergoing
synchronous
procedures to patients
undergoing staged
procedures."

Participants

Sample size
n=32 simultaneous resection; n=32
staged resection

Characteristics

Age in years, mean (range)
Simultaneous 69 (53-79)
Staged 67 (37-82)

Male sex, n/n
Simultaneous 18/32
Staged 21/32

Clinical risk score, median (range)
Simultaneous 2 (1-3)
Staged 2 (0-5)

RFA, n/n
Simultaneous 5/32
Staged 1/32

Chemotherapy/radiotherapy
(neoadjuvant or adjuvant), n/n
Simultaneous 13/32

Staged 17/32

Inclusion criteria Consecutive
patients “... with colorectal cancer
and hepatic metastases that
underwent a synchronous operative
approach...were individually case
matched with patients that had
undergone a staged approach.”
"Patients were case matched
according to: age; sex; ASA grade
(American Society of
Anesthesiologists); type of

hepatic resection and type of colonic

resection."

Exclusion criteria None reported.

Interventions

Interventions
Simultaneous resection
versus staged resection
(colorectal resection first)

"The patients in the
staged group had their
colonic resection
performed at another
hospital and were
subsequently referred to
this unit for treatment of
their hepatic
metastases." "The
criteria for selection for
synchronous surgery
have been documented
previously and included:
fitness for anaesthesia;
expected margin
negative resection (RO)
of the

primary disease; no
unresectable
extrahepatic disease and
adequate predicted
volume of hepatic
remnant post resection."

56

Methods

Details

Not clearly reported where patient
data was accessed but
presumably from an institutional
medical records database.

Follow-up

"Postoperatively, patients entered
the departmental surveillance
programme. This consisted of
serial examination and contrast-
enhanced CT at six months, then
at yearly intervals, up until five
years after their operation.
Colonoscopies were performed at
one year, three years and five
years after colonic resection.
Patients that had undergone RFA
had one additional scan at 6
weeks to allow confirmation of
complete necrosis."

Statistical analysis - Groups were
matched according to age, sex,
ASA grade, type of hepatic
resection and type of colonic
resection.

No information about statistical
analysis reported. Survival was
compared using log-rank test.

Outcomes and Results

Results

Overall survival at 5 years
Simultaneous 21%
Staged 24%

Median survival time
Simultaneous 39 months
Staged 42 months
p=0.838

Perioperative mortality
Simultaneous 0/32
Staged 0/32

Grade 3 complications
Simultaneous 1/32
Staged 0/32

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to confounding:
Serious risk of bias
(Groups were matched
according age, sex, ASA
grade and type of
surgery but no
adjustment was made
on certain potentially
important variables such
as extent or number of
liver metastases)

Bias in selection of
participants into the
study: Moderate risk of
bias (Not clearly
reported, difficult to
assess)

At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Moderate risk
of bias (Definitions of
outcomes not described)
Bias in selection of the
reported result: Serious
risk of bias (Unclear and
limited reporting)
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Study details Participants Interventions Methods Outcomes and Results Comments

Study dates Not
reported.

Source of funding
"No funding was
received for this

study."

Full citation Sample size Interventions Details Results Limitations
Nordlinger, B., See Nordlinger 2013

Sorbye, H., Glimelius,

B., Poston, G. J., Characteristics

Schlag, P. M., . .

Rougier, P., Inclusion criteria

Bechstein, W. O.,
Primrose, J. N.,
Walpole, E. T., Finch-
Jones, M., Jaeck, D.,
Mirza, D., Parks, R.
W., Collette, L., Praet,
M., Bethe, U., Van
Cutsem, E.,
Scheithauer, W.,
Gruenberger, T.,
Perioperative
chemotherapy with
FOLFOX4 and
surgery versus
surgery alone for
resectable liver
metastases from
colorectal cancer
(EORTC Intergroup
trial 40983): a
randomised controlled
trial, The Lancet, 371,
1007-1016, 2008

Exclusion criteria

Ref Id 848901
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Study details

Country/ies where
the study was
carried out

Study type
Aim of the study
Study dates

Source of funding

Full citation
Nordlinger, B.,
Sorbye, H., Glimelius,
B., Poston, G. J.,
Schlag, P. M.,
Rougier, P.,
Bechstein, W. O.,
Primrose, J. N.,
Walpole, E. T., Finch-
Jones, M., Jaeck, D.,
Mirza, D., Parks, R.
W., Mauer, M., Tanis,
E., Van Cutsem, E.,
Scheithauer, W.,
Gruenberger, T.,
Perioperative
FOLFOX4
chemotherapy and
surgery versus
surgery alone for
resectable liver
metastases from
colorectal cancer
(EORTC 40983):
Long-term results of a
randomised,
controlled, phase 3
trial, The Lancet

Participants

Sample size N=364 randomised;
n=182 allocated to perioperative
chemotherapy; n=182 allocated to
surgery alone.

Characteristics

Age in years, median (range)
Perioperative chemotherapy 62 (29-
79)

Surgery alone 64 (25-78)

Male sex, n (%)
Perioperative chemotherapy 127 (70)
Surgery alone 114 (63)

Metachronous liver metastases, n
(%)

Perioperative chemotherapy 121 (66)
Surgery alone 115 (63)

Time from diagnosis of primary
cancer to diagnosis of liver
metastases 2 or more years, n (%)
Perioperative chemotherapy 49 (27)
Surgery alone 43 (24)

Previous adjuvant chemotherapy for
primary cancer (without oxaliplatin), n
(%)

Perioperative chemotherapy 78 (43)

Interventions

Interventions
Perioperative

chemotherapy. Six
cycles of FOLFOX4
(each cycle lasted for 14
days, subsequent cycle
starting on day 15):
oxaliplatin 85 mg/m?,
folinic acid 200 mg/m? DL
form or 100 mg/m? L
form on days 1-2 plus
bolus, and fluorouracil
400 mg/m? bolus and
600 mg/m? continuous
22h infusion before and

after surgery.

Methods

Details

Randomisation and allocation
concealment. Randomisation was
done with a minimisation method
via a web-based randomisation
system at the EORTC
coordinating data centre,
accessed by authorised
investigators. Randomisation was
stratified according to centre,
previous adjuvant chemotherapy
to primary surgery for colorectal
cancer, and a risk score
developed previously by
Nordlinger and colleagues.

Follow-up/outcomes

Follow-up was done every 3
months for 2 years after the end
of the treatment and every 6
months thereafter, including chest
radiography, abdominal
ultrasound or CT scan, and CEA
level.

Primary endpoint was
progression-free survival (time
from randomisation to either
progressive or recurrent disease,
surgery if metastases were

Outcomes and Results

Results

Overall survival, median
8.5 years of follow-up
(event is death from any
cause)

Perioperative
chemotherapy 107 events,
n=182

Surgery alone 114 events,
n=182

HR 0.88 95% CI 0.68 to
1.14, p=0.34

Median overall survival
Perioperative
chemotherapy 61.3
months 95% CI 51.0 to
83.4 months

Surgery alone 54.3 months

95% Cl41.9t0 79.4
months

Progression-free survival,

median 8.5 years of follow-

up

Perioperative
chemotherapy 136 events,
n=182

Surgery alone 139 events,
n=182

Comments

Limitations

Cochrane risk of bias
tool

Selection bias

Random sequence
generation: low risk
Allocation
concealment: low risk.
Performance bias
Blinding of participants
and personnel:
unclear/high risk (No
blinding.)

Detection bias

Blinding of outcome
assessment: low/high
risk (No blinding. Risk of
bias depends on the
outcome.)

Attrition bias
Incomplete outcome
data: low risk (Intention-
to-treat analysis done.)
Reporting bias
Selective reporting: low
risk

Other bias

Other sources of bias: -
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Study details Participants Interventions Methods Outcomes and Results Comments
Oncology, 14, 1208-  Surgery alone 76 (42) deemed not resectable, or death HR 0.81 95% CI 0.64 to
1215, 2013 . L from any cause). Secondary 1.02, p=0.068

Inclusion criteria 18-80 years old; endpoints were overall survival ~ Median progression-free
Ref Id 848902 WHO performance status <2; (time from randomisation to death survival

i histologically proven colorectal from any cause), tumour Perioperative

Country/ies where  cancer; 1-4 liver metastases that resectability and tumour chemotherapy 20.0
the study was ~ were resectable; no detectable response. months 95% CI 15.0 to
carried out Australia, extrahepatic tumours; primary Statistical analysis 27.6 months
Austria, Belgium, tumour had to be either previously Survival was estimated with the ~ Surgery alone 12.5 months
France, Germany, resected (RO resection) or judged to Kaplan-Meier method and log- ~ 95% Cl 9.7 to 17.7 months
Hong Kong, ltaly, be resectable (in case of rank test. Intention-to-treat
Norway, Sweden, the - synchronous metastases). analysis was done. Treatment-related mortality
Netherlands, UK Perioperative

Exclusion criteria Previous chemotherapy 3/182

Study type Phase lll  chemotherapy with oxaliplatin; any
RCT (EORTC 40983, hjstory with cancer in the past 10
NCTO00006479) years (except non-melanoma skin
. cancer or in-situ cervix cancer);
Aim of the study To 1\ ior hepatic insufficiency; an

Surgery alone 3/182

StUdﬁ.""'.the f absolute neutrophil count <1.5x1091;
com |nat|qn o serum creatinine more than twice the
perioperative

upper limit of normal; grade >1 of
common toxicity criteria for
peripheral neuropathy; uncontrolled
congestive heart failure; angina
pectoris; hypertension; arrhythmia;
history of significant neurological or
psychiatric disorders, active infection;
pregnant or breastfeeding.

chemotherapy and
surgery compared
with surgery alone for
patients with initially
resectable liver
metastases from
colorectal cancer".

Study dates October
10 2000 to July 5
2004

Source of funding
European
Organisation for
Research and
Treatment of Cancer,
Norwegian and
Swedish Cancer
Societies, Cancer
Research UK, Ligue
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Study details

Nationale Contre
Cancer, US National
Cancer Institute,
Sanofi-Aventis
(pharmaceutical
company which also
offered free oxaliplatin
supplies).

Full citation Patrono,
D., Paraluppi, G.,
Perino, M., Palisi, M.,
Migliaretti, G.,
Berchialla, P.,
Romagnoli, R.,
Salizzoni, M.,
Posthepatectomy liver
failure after
simultaneous versus
staged resection of
colorectal cancer and
synchronous hepatic
metastases, I
Giornale di chirurgia,
35, 86-93, 2014

Ref Id 849099

Country/ies where
the study was
carried out Italy

Study type
Retrospective cohort
study

Aim of the study
To"... assess the
incidence and risk
factros of PHLF
(posthepatectomy
liver failure) after

Participants

Sample size N=46 simultaneous
resection; n=60 staged resection.

Characteristics

Age in years, mean (SD)
Simultaneous 64 (12)
Staged 61 (9)

Male sex, n/n
Simultaneous 24/46
Staged 37/60

Primary cancer in rectum, n (%)
Simultaneous 8 (17)
Staged 13 (22)

Extrahepatic metastases, n (%)
Simultaneous 7 (15)
Staged 6 (10)

>3 hepatic metastases, n (%)
Simultaneous 13 (28)
Staged 28 (47)

Metastasis diameter >5 cm, n (%)
Simultaneous 17 (37)
Staged 19 (32)

Preoperative chemotherapy (before
liver resection), n (%)
Simultaneous 13 (28)

Staged 51 (85)

Interventions

Interventions
Simultaneous resection
of colorectal cancer and
liver metastases versus
staged resection
(colorectal first).

Simultaneous resection
was proposed to all
patients regardless of the
location of the primary
tumour, except in 5
patients who were
considered unfit for
simultaneous surgery
because of age and
comorbidities and
underwent staged
resection. Apart from
these 5, all other patients
in the staged resection
group were patients who
underwent colorectal
resection in another
hospital before being
referred to the study
hospital for liver
resection.

During simultaneous
resection, the primary
colorectal cancer was
resected first, colonic

60

Methods

Details

Patient data was accessed from
an institutional database.

Overall survival and disease-free
survival were calculated from the
rate of liver resection.

Statistical analysis

Survival was analysed using a
multivariate Cox regression
model, "propensity score was
entered as a covariate to adjust
for the differences in patients’
characteristics between the
treatment groups".

Outcomes and Results

Results

Overall survival at 3 years
Simultaneous 55%; Staged
56%, p=0.802

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to

confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details Participants Interventions Methods Outcomes and Results Comments
simultaneous vs Major hepatectomy, n (%) anastomosis was done

staged resection of Simultaneous 22 (48) after hepatic resection

colorectal cancer and Staged 42 (70) was completed.

hepatic metastases" . L i
Inclusion criteria Consecutive

Study dates February patients with colorectal cancer and
1997 to June 2012 synchronous liver metastases who

. underwent liver resection
Source of funding

None reported. Exclusion criteria None reported.

Full citation Portier, Sample size Interventions Details Results Limitations
G, Elias, D., Bouche, See Mitry 2008

O., Rougier, P.,

Bosset, J. F., Saric, Characteristics

J., Belghiti, J., . I

Piedbois, P., Inclusion criteria

Guimbaud, R.,

Nordlinger, B., Bugat, Exclusion criteria

R., Lazorthes, F.,
Bedenne, L.,
Multicenter
randomized trial of
adjuvant fluorouracil
and folinic acid
compared with
surgery alone after
resection of colorectal
liver metastases:
FFCD ACHBTH
AURC 9002 trial,
Journal of Clinical
Oncology, 24, 4976-
4982, 2006

Ref Id 849222

Country/ies where
the study was
carried out

Study type
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Study details Participants Interventions

Aim of the study
Study dates

Source of funding

Full citation Sample size N=198 simultaneous Interventions
Vallance, A. E., van resection; n=198 staged resection Simultaneous resection
der Meulen, J., (colorectal resection first). (In the versus colorectal
Kuryba, A., Charman, study, n=259 simultaneous resection; resection first (the study
S. C., Baotterill, I. D., n=1301 colorectal resection first in also included a group

Prasad, K. R., Hill, J., total, however, relevant analysis was who underwent liver
Jayne, D. G., Walker, conducted between groups that were resection first, however,
K., The timing of liver matched according to baseline no relevant results are
resection in patients  characteristics, n shown above) presented comparing
with colorectal cancer liver first to simultaneous,
and synchronous liver Characteristics therefore, data from this

metastases: a Characterilsti.c in the whole cohort group has not been
population-based (characteristics of the matched included here)
study of current cohort not reported)

practice and survival,

Colorectal Disease,  Age <60 years, n %)
16, 16, 2018 Simultaneous 73 (28)

Colorectal first 397 (31)
Ref Id 850356

Age >70 years, n (%)
Country/ies where  Simultaneous 105 (41)
the study was Colorectal first 432 (33)
carried out UK

Male sex, n (%)

gtudy typg h Simultaneous 141 (54)
Stigssloec“ve cohort  Golorectal first 814 (63)

Primary site rectum, n (%)
Simultaneous 54 (21)
Colorectal first 315 (24)

Aim of the study

To "... describe
temporal trends and
inter-hospital variation
in surgical strategy,
and to compare
longterm

survival in a

Charlson comorbidity score 22, n (%)
Simultaneous 28 (11)
Colorectal first 100 (8)
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Methods

Details

Patient data was accessed from
National Bowel Cancer Audit
(NBOCA). This data was linked to
the Hospital Episodes Statistics
database. "The NBOCA collects
data on all patients with newly
diagnosed colorectal cancer in
England."

Statistical analysis "The potential
biases to the survival analysis
associated with differences in
patient characteristics were
accounted for by propensity score
matching. Propensity score
matching can reduce biases
associated with multivariable
regression modelling because it
restricts the comparison to only
those patients eligible for either
approach" Survival was compared
using the Kaplan-Meier method
with log-rank test. Cox regression
analysis was performed on the
matched cohort.

Outcomes and Results

Overall survival:
Simultaneous n=198;
Colorectal first n=198, HR
0.92 (95% C10.801 to

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to
confounding: Moderate ri
sk of bias (Confounding
expected, but controlled
for)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Serious
risk of bias (Limited
reporting on the
matched cohort, for
example, no sample
sizes are reported.)
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Study details

propensity score-
matched analysis"

Study dates 1
January 2010 to 31
December 2015

Source of funding
Healthcare Quality
Improvement
Partnership

Full citation Van
Amerongen, M. J.,
Van Der Stok, E. P.,
Futterer, J. J.,
Jenniskens, S. F. M.,
Moelker, A.,
Grunhagen, D. J.,
Verhoef, C., De Wilt,
J. H. W., Short term
and long term results
of patients with
colorectal liver
metastases
undergoing surgery
with or without
radiofrequency
ablation, European
Journal of Surgical
Oncology, 42, 523-
530, 2016

Ref Id 850362

Participants

ASA grade 3/4, n (%)
Simultaneous 71 (30)
Colorectal first 234 (19)

Major liver resection, n (%)
Simultaneous 40 (15)
Colorectal first 535 (41)

Inclusion criteria Patients with
colorectal cancer and synchronous
liver-limited metastases undergoing
elective colorectal cancer and liver
resection

Exclusion criteria Emergency
colorectal cancer surgery;
extrahepatic disease at diagnosis

Sample size N=98 resection + RFA;
n=534 resection alone

Characteristics

Age in years, median (range)
Resection + RFA 64 (37-82)
Resection alone 65 (31-89)

Male sex, n (%)
Resection + RFA 63 (64)
Resection alone 343 (64)

Neoadjuvant chemotherapy, n (%)
Resection + RFA 71 (72)
Resection alone 170 (32)

"Patients were more frequently
categorized as ASA class Il in
combination group as compared to
ROG (resection only group), making
the average ASA classification of
these patients lower (P=0.04).
However, there was no further
difference in the total presence of

Interventions

Interventions

"The main reason to
perform RFA was a
limited future liver
remnant, e.g., excessive
loss of parenchyma due
to resection

because of multifocal
disease or ill located
lesions which would
provide a
disproportionate
parenchyma loss
compared

to the tumor size." "With
the use of ultrasound, a
Cool-Tip(Covidien,
Boulder, CO, USA) was
placed in the target
lesion to achieve
complete ablation with a
1 cm margin. Depending
on the size of the lesion,
a single probe (lesions
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Methods

Details

Data collection - Patient data was
accessed from a prospective
institutional database.

Follow-up - Clinical examination
and CEA level measurement were
done every 4 months. Imaging
(ultrasound, CE-CT of chest and
abdomen) was performed in
different schedule in the two study
centres. In one centre: normally
every 4 months in the first year,
every 6 months for the second
year and annually thereafter. In
the second centre: every 3
months in the first 3 years, and
every 6 months for the next 2
years (up to 5 years).
Disease-free survival was defined
as the time between hepatic
treatment and first disease
recurrence. Overall survival was
defined as the time between
treatment and death.

Outcomes and Results

Results

Overall survival
Resection + RFA n=98
Resection alone n=534
Adjusted HR 1.55 95% CI
1.07 to 2.25, p=0.02

Disease-free survival
Resection + RFA n=98
Resection alone n=534
Adjusted HR 1.01 95% ClI
0.73 to 1.39, p=0.95

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to
confounding: Serious
risk of bias (Confounding
expected and controlled
for but certain important
potential confounders
were not included in the
multivariate model)
Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
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Study details

Country/ies where
the study was
carried out
Netherlands

Study type
Retrospective cohort
study

Aim of the study To
“... compare hepatic
resection with or
without neo-adjuvant
chemotherapy in
combination with RFA
to conventional
hepatic resection with
regard to
complications,
disease-free survival
and overall survival."

Study dates January
2000 to May 2013

Source of funding
None reported.

Full citation van der
Poel, M. J., Tanis, P.
J., Marsman, H. A,,

Participants Interventions

comorbidities between the two less

groups (P=0.91). Patients from than 2 cm) or a needle
combination group had a significantly cluster of three probes
higher number of liver metastases (lesions larger
(P=0.001), a higher risk than 2 cm) was used."
profile (CRS 3-5, P=0.00119) and

received more neoadjuvant

chemotherapy as compared to the

patients in resection only group

(P=0.001)."

Adjuvant chemotherapy, n (%)
Resection + RFA 17 (18)
Resection alone 61 (12)

Tumour size in cm, median (range)
Resection + RFA 3 (0.2-15)
Resection alone 3 (0.2-18)

Tumour number, median (range)
Resection + RFA 4 (2-10)
Resection alone 1 (1-11)

Inclusion criteria Patients who
received partial hepatic resection or
a combination of both RFA and
resection in one session for curative
treatment of colorectal liver
metastases.

Exclusion criteria Patients with
recurrent colorectal liver metastases
after previous resection; extrahepatic
disease; missing follow-up data; two-
stage operations; only RFA
treatment; simultaneous resection of
the primary tumour and liver
metastases.

Sample size N = 122. A total of 1020 Interventions Combined Details
laparoscopic resection of

LCR were included in the study

period and used for matching. After  liver metastases and

64

Methods

Statistical analysis - Survival was
analysed using the Kaplan-Meier
method and log-rank test.
Multivariate Cox regression model
was used. Variables included in
the model were
variables/characteristics that were
significantly different between the
two groups: neoadjuvant
chemotherapy, ASA classification
and Fong CRS.

Outcomes and Results

Outcomes

Comments

interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias

Limitations
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Study details

Rijken, A. M.,
Gertsen, E. C,,
Ovaere, S., Gerhards,
M. F., Besselink, M.
G., D'Hondt, M.,
Gobardhan, P. D.,
Laparoscopic
combined resection of
liver metastases and
colorectal cancer: a
multicenter, case-
matched study using
propensity scores,
Surgical Endoscopy,
01, 01, 2018

Ref Id 983852

Country/ies where
the study was
carried out: Belgium,
Netherlands

Study type:
Retrospective
propensity score-
matched study (multi-
centre)

Aim of the study: To
determine whether
combined
laparoscopic resection
of liver metastases
and colorectal cancer
(LLCR) increases
postoperative
morbidity in
comparison with
laparoscopic
colorectal cancer

Participants

matching, 61 LLCR could be
compared with 61 LCR."

LLCRn=61; LCR n =61
Patient characteristics

Male sex: LLCR 37 (61); LCR 34
(56), p=0.719

Age, mean (SD): LLCR 64 (11.6);
LCR 64 (13.1), p = 0.949

BMI, kg/m2, median (IQR): LLCR
25.8 (23.4-28.1); LCR 25.2 (23.7—
28.5), p = 0.958

ASA grade: ASA 1 - LLCR 15 (25),
LCR 14 (23); ASA 2 - LLCR 33 (54),
LCR 36 (59); ASA 3 - LLCR 12 (20),
LCR 9 (15): ASA 4 - LLCR 1 (2) 2,
LCR (3), p = 0.988

Location primary: Rectum - LLCR 12
(20), LCR 18 (30); Sigmoid - LLCR
27 (44), LCR 23 (38); Left colon -
LLCR 4 (7), LCR 4 (7); Transverse
colon - LLCR 0, LCR 2 (3); Right
colon - LLCR 18 (30), LCR 14 (23), p
=0.378

Neoadjuvant chemotherapy: LLCR
12 (20); LCR 5 (8), p = 0.039

Neoadjuvant radiotherapy: LLCR 9
(15), LCR 7 (12), p = 0.687

Type of resection primary: Low
anterior resection/sigmoid resection -
LLCR 37 (61), LCR 35 (57);
Abdominoperineal resection - LLCR
3 (5), LCR 4 (7); Left colectomy -
LLCR 4 (7), LCR 4 (7); Right
colectomy LLCR 15 (25), LCR 17

Interventions

colorectal cancer (LLCR)
vs laparoscopic
colorectal cancer
resection (LCR) alone.
"The primary tumor was
diagnosed based on
colonoscopy. Liver
metastases were
assessed with abdominal
computed Surgical
technique LLCR mostly
started with the liver
resection, thereby being
able to decide on liver
resection only in case a
more extensive liver
resection than planned
based on preoperative
imaging was required or
more blood loss than
expected. Laparoscopic
liver resection was
performed with the
patient in supine position
(or semiprone for liver
resection of lesions in
posterosuperior
segments) and the
surgeon in between the
patient’s legs using three
to four trocars in the
upper abdomen.
Laparoscopic ultrasound

was used for detection of

potentially occult lesions
and to determine the
plane of transection.
Parenchymal transection
was performed by
usingan ultrasonic
dissection or bipolar
sealing device alone or

65

Methods

Data collection: Data collected
from each centres prospectively
collected databases of patients

undergoing LLCR or LCR

between 2006 and 2017. 61 LLCR
patients were matched in a 1:1
ratio using a caliper of 0.1 to LCR

alone patients.

Outcomes: Treatment related

mortality

Grade 3 or 4 complications

(Clavien-Dindo, including

anastomotic leak - diagnosis
based on clinical and radiological
parameters, including any

abscess occurring at the

anastomosis, leakage of contrast
fluid on imaging, endoscopically
proven leakage or clinically
suspect leakage requiring a
reoperation). Other outcome
parameters included operative
time, intraoperative blood loss,

need for conversion, (to

laparotomy, hand-assisted or
hybrid technique), reason for
conversion (e.g., adhesions,
bleeding, inadequate access to
the lesion, inadequate progress or

other), need for a stoma,

resection margins (RO = tumor
free, R1 = microscopic tumor
involvement, R2 = macroscopic
tumor involvement), pathology
reported TNM stage of primary
tumor, postoperative hospital stay,
readmission (reason and timing)

and 30-day mortality."

Follow-up: Perioperative period.

Outcomes and Results

30-day mortality: LLCR 0;
LCR1(2),p= 1.0

Peroperative incidents,
Oslo classification: p =
0.237

None: LLCR 52 (85); LCR
56 (92)

Grade 1: LLCR 6 (10);
LCR 4 (7)

Grade 2: LLCR 3 (5); LCR
1(2)

Grade 3: LLCR 0; LCR 0
Stoma, p = 0.317

None: LLCR 51 (84); LCR
46 (75)

Double loop ileostomy:
LLCR 4 (7); LCR 7 (12)

End ileostomy: LLCR 2 (3);

LCRO

End colostomy: LLCR 4
(7); LCR 8 (13)

Severe complications:
LLCR 9 (15); LCR 13 (21),
p= 0.481

Anastomotic leakage:
LLCR 5 (8); LCR4 (7),p =
1.0

Blood loss, ml, median
(IQR): LLCR 200 (100—
700); LCR 75 (5-200), p =
0.011

Comments

Risk of bias assessed
using the ROBINS-I
checklist for non-
randomised studies of
interventions

Pre-intervention

Bias due to confounding:
Low risk of bias

Bias in selection of
participants into the
study: Low risk of bias

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias

Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details Participants Interventions Methods Outcomes and Results Comments
resection (LCR) (28); Subtotal colectomy - LLCR 2 together with cavitron
alone. (3), LCR 1 (2), p = 0.686 ultrasonic surgical Statistical analysis: Wilcoxin Conversion: LLCR 3 (5);

aspirator (CUSA), with signed rank test, paired T test, LCR 5 (8), p=0.687
Study dates: Patients Pathology primary tumor: TO - LLCR  gdditional haemostasis McNemar test.

treated between 2006 2 (3), LCR0; T1-LLCR 2 (3), LCR 2 ysing bipolar diathermy. Readmission: LLCR 7 (12);
and 2017 were (3), T2-LLCR 3 (5), LCR 8 (13), T3 - Pedicle C|amping during LCR8 (13): p= 1.0
included LLCR 46 (75), LCR 42 (69); T4 - laparoscopic liver Postoperative stay, days
) LLCR 8 (13), LCR 9 (15); N+ -LLCR  resection (Pringle median (IQR): LLCR 6 (5—
Source of funding: 48 (79), LCR 46 (75) , p = 0.931 manoeuver) was not 9): LCR 7 (4_1 3),p=
Not reported ) L _ standard practice. A 164 '
Inclusion criteria: All patients laparoscopic 60-mm 0.16
undergoing LLCR or LCR at one of stapler was used to Resection margins, RO:
four centres between 2006 and transect the portal LLCR 57 (93); LCR, 61 :
2017. No further details reported. pedicle and hepatic vein (100), pe 0.1,25
Exclusion criteria: Not reported. In case ol iz
sectionectomy.

Additional trocars were
placed if necessary for
laparoscopic colorectal
surgery. A Pfannenstiel
or vertical umbilical
incision were mostly
used for specimen
extraction, followed by
either an intra- or
extracorporeal
anastomosis. CT scans
with triphasic contrast
enhancement and/or
liver-specific double-
contrast magnetic
resonance imaging. To
rule out extrahepatic
disease, CT-chest and,
in selected patients,
positron emission
tomography scans were
used. Prior to surgery,
patients were discussed
in a multidisciplinary
team meeting attended
by both liver and
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Study details Participants Interventions Methods Outcomes and Results Comments

colorectal surgeons,
gastroenterologists,
medical oncologists,
radiologists,
radiotherapists and
pathologists. Based on
grading, size and
location of the tumor
(neo)adjuvant chemo-
and/ or radiotherapy
regimens were
considered according to
national guidelines.
During work-up, a
simultaneous resection
was planned when both
colorectal primary and
liver metastases
wereconsidered
resectable with curative
intention, and the
condition of the patient,
judged by both the
anesthesiologist and
surgeon, was considered
sufficient. Resectability
was defined as the ability
to achieve complete
resection of the primary
tumor as well as all
metastases without the
need for additional
procedures, thus
excluding patients with
extrahepatic metastases.
During the study period,
patients requiring major
liver resections and
patients with liver lesions
close to the portal
pedicle or hepatic veins
were not considered
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Study details Participants

Sample size N = 138 (after
propensity score matching). RFA n =
46, hepatic resection n = 98.

Full citation Wang, L.
J., Zhang, Z. Y., Yan,
X. L., Yang, W, Yan,
K., Xing, B. C.,
Radiofrequency
ablation versus
resection for
technically resectable
colorectal liver
metastasis: A
propensity score

Patient characteristics

Sex: Male/female - hepatic resection
58/34; RFA 29/17, p = 1.000

Age (years): hepatic resection 58.0
(51.0-65.8); RFA 58.5 (50.8-67.0), p
=0.492

Interventions

candidates for a
simultaneous resection.
Maijor liver resection was
defined as any resection
of 3 or more
segments.Emergency
colorectal resection
because of bowel
obstruction or perforation
was also a contra-
indication for LLCR.
Simultaneous resections
were usually performed
by a single surgeon
trained in both colorectal
and liver surgery and
discussed within the
units liver surgery team.
A decision regarding the
surgical approach
(laparoscopic or open)
was made independently
of the indication for
surgery and was based
on the patient’s
performance status and
location and size of both
the primary tumor and
metastases."

Interventions

Hepatic resection vs RFA

68

Methods

Details

Data collection: Data collected
from 428 consecutive patients
who underwent RFA or resection
for CRLM at a single centre
between November 2010 and
December 2015. 1:2 “nearest
neighbor” match paradigm was
used. Patients were matched
using a caliper of 0.15 in each

group.

Outcomes and Results

Results
Liver PFS

Local recurrence rate:
Resection 6.5%; RFA
15.2%; p = 0.099

Intrahepatic recurrence
rate (de novo): Resection
11.9%; RFA 36.9%, P =
0.001

Comments

Limitations

Risk of bias assessed
using the ROBINS-I
checklist for non-
randomised studies of
interventions

Pre-intervention

Bias due to confounding:
Low risk of bias
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Study details
analysis, World

Journal of Surgical Preoperative CEA (ng/mL): hepatic
Onco|ogy’ 16 (1) (no resection 6.7 (29—223), RFA 5.4

pagination), 2018 (3.2-12.9), p = 0.731

Participants Interventions

Location of primary cancer
(Colon/rectum): hepatic resection
58/34; RFA 30/16, p = 0.802

Ref Id 983863

Country/ies where
the study was

carried out: China Timing of metastasis

(Synchronous/metachronous):
hepatic resection 70/22; RFA 31/15,

Study type:
yy p=0.277

Retrospective
propensity score
matched analysis
(single centre)

T stage (T4/T1-3): hepatic resection
30/62; RFA 16/30, p = 0.798

N stage (NO/N+): hepatic resection

Aim of the study: To 561" RFA 16/30, p = 0.899

compare recurrence
rates and prognosis
between resectable
CRLM patients
receiving either
hepatic resection or

Median diameter (mm): hepatic
resection 30.0 (18.5-35.8); RFA 22.5
(16.8-36.3), p = 0.249

No. of tumors (1/2-3): hepatic

RFA resection 75/17; RFA 37/9, p =
0.878

Study dates:

November 2010 to Location of liver metastasis

December 2015 (Unilobar/bilobar): hepatic resection

73/19, RFA 42/4,p =0.076
Source of funding:

National Natural Neoadjuvant chemotherapy (Yes/no):
Science Foundation of hepatic resection 34/58; RFA 22/24,
China, Beijing p = 0.220

Municipal Science &
Technology
Commission

Extrahepatic disease (Yes/no):
hepatic resection 4/88; RFA 5/41, p =
0.160

Comorbidities: Hypertension -
hepatic resection 14, RFA 5;
Diabetes - hepatic resection 8, RFA
1; Cardiac - hepatic resection 5, RFA

Methods

Qutcomes: Liver progression free
survival, overall survival, disease-

free survival

Follow-up: All follow-ups ended in
July 2018, and the median follow-
up was 44 months (range, 6—-96
months). Patients were evaluated
by contrast-enhanced computed
tomography (CE-CT) or MR) at 1
month after resection or RFA
procedure. Then, CEA test, MRI
of the abdomen, CT of the chest,
and MRI or CT of the pelvis were
repeated every 3 months for 2
years and every 6 months
thereafter. Recurrences were
typically identified radiologically.
Local recurrence was defined as
tumor growth at the treatment site.

Intrahepatic recurrence was
defined as new liver lesions

emerging at a non-treatment site.
Systemic recurrence was defined
as tumors at both hepatic and

extrahepatic sites, including
recurrence at the site of the
primary tumor.

Statistical analysis: Inter-group
differences were analysed using
the chi-square test, Fisher's exact
test, or Student’s t test, as
appropriate. Survival data were
analyzed using the Kaplan-Meier
method and the log-rank test.
Variableswith a univariate p value
of < 0.1 were entered into the Cox
regression model for multivariate

analysis.

Outcomes and Results

Hepatic recurrence rate:
Resection 32.6%; RFA
69.6%, p < 0.001.

Systemic recurrence rate:
Resection 39.1%; RFA
26.1%, p = 0.129).

Time to local recurrence:
Not significant, p = 0.083.
(Resection n=6; RFA n=6)

Overall survival

"1 year OS: Resection
97.8%; RFA 95.7%

2 year OS: Resection
83.6%; RFA 91.3%

3 year OS Resection
66.8%; RFA 71.6%

Median OS (Kaplan-Meier
analyses): Resection 74
months; RFA 59 months p
=0.484

RFA/resection
(n=46/n=92):19 vs 21;
Relative risk 1.198 (95%
Cl 0.453 10 1.778), p =
0.494

Median DFS (all patients):
Resection 22 months; RFA
14 months (p = 0.032).

Median DFS (patients with
a tumour size of < 3 cm):
Resection 24 months; RFA
21 months (p = 0.41).

Comments

Bias in selection of
participants into the
study: Low risk of bias

Bias in classification of
interventions: Low risk of
bias

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias

Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Low risk
of bias
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Study details

Full citation
Yoshidome, H.,
Kimura, F., Shimizu,
H., Ohtsuka, M., Kato,
A., Yoshitomi, H.,
Furukawa, K.,
Mitsuhashi, N.,
Takeuchi, D., lida, A.,
Miyazaki, M., Interval
period tumor
progression: Does
delayed hepatectomy
detect occult
metastases in
synchronous
colorectal liver
metastases?, Journal
of Gastrointestinal

Participants

3; Cerebrovascular - hepatic
resection 5, RFA 2; Pulmonary or

others - hepatic resection 2, RFA 4, p

=0.232

Inclusion criteria: Patients with <3
tumors, well-located tumor size of < 5

cm, and absence of uncontrolled
extrahepatic disease. Preoperative

images were retrospectively viewed

to confirm that the patient had
technically resectable disease

(feasibility of complete macroscopic

resection to maintain at least 30%
future liver remnant).

Exclusion criteria: Patients with
recurrent CRLM after previous
resection or RFA, patients who

received both RFA and resection in
one session, and those who received

palliative treatment.

Sample size N=116 simultaneous
resection (up to year 2003); n=21
staged resection (from year 2004
onwards)

Characteristics
Male sex
Simultaneous 71/116
Staged 12/21

Median age in the staged group 66
years (range 41-75 years)

No other characteristics reported.

Inclusion criteria Patients with
synchronous colorectal liver
metastases undergoing resection.

Interventions

Interventions
Simultaneous resection
of colorectal cancer and
liver metastases versus
staged resection
(delayed liver resection)

The study hospital
strategy was to have
simultaneous resection
up to 2003 and from
2004 onwards the
hospital strategy was to
have two separate
resections.
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Methods

Details

Patient data accessed from the
institutional database.
Follow-up "Tumor markers such
as carcinoembryonic antigen and
carbohydrate antigen 19-9 were
determined every 3 months.
Ultrasonography,
thoracoabdominal CT, or total
colonoscopy

was performed to examine
recurrence." No other details
provided.

Statistical analysis"Hepatic
disease-free survival was
calculated by the Kaplan—Meier
method, and

comparisons were performed
using the log-rank test.

Outcomes and Results

Time to systemic

recurrence: Not significant,
p = 0.478 (Resection n=18;

RFA n=11)

RFA/resection

(n=46/n=92): Relative risk

1.661 (95% Cl 1.085 to
2.543), p = 0.020

Results

Hepatic recurrence-free
survival - Simultaneous
n=116; Staged n=21; HR

4.74 (95% Cl 1.72 to 13.1),

p=0.003

Comments

Limitations

ROBINS-I checklist for
non-randomised studies
of interventions
Pre-intervention

Bias due to confounding:
Serious risk of bias
(Confounding expected,
but controlled for but
unclear which variables
were included in the final
model and why)

Bias in selection of
participants into the
study: Low risk of bias
At intervention

Bias in classification of
interventions: Low risk of
bias

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent
FINAL (January 2020)



OONOOBRWN -

FINAL
Optimal combination and sequence of treatments in patients presenting with metastatic colorectal cancer in the liver amenable to treatment with curative intent

Study details Participants Interventions Methods Outcomes and Results Comments

Surgery, 12, 1391-
1398, 2008

Ref Id 850821

Countryl/ies where
the study was
carried out Japan

Study type
Retrospective cohort
study

Aim of the study

To “... examine the
changes in metastatic
lesions during the
interval period and to
determine whether
the delayed hepatic
resection reduces the
hepatic recurrence

in patients with
synchronous CRLM
(colorectal liver
metastases)."

Study dates
March 1985 to
December 2006

Source of funding
None reported.

Exclusion criteria None reported.

Multivariate analysis was
performed using the Cox
proportional hazards model." Not
clearly reported which variables
were included in the multivariate
model and how these variables
were selected. At least the
following variables were included
in the model: primary nodal
involvement, tumour side, number
of metastases, and time of
resection.

Post-intervention

Bias due to deviations
from intended
interventions: Low risk of
bias

Bias due to missing
data: Low risk of bias
Bias in measurement of
outcomes: Low risk of
bias

Bias in selection of the
reported result: Serious
risk of bias (unclear
reporting, not clear if the
relative effect reported is
hazard ratio.)

ASA: American Society of Anesthesiologists; BMI: body mass index; CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; Cl: confidence interval, CLM or
CRLM: colorectal liver metastases; CRC: colorectal cancer; CRS: clinical risk score; (CE-)CT: (contrast enhanced) computed tomography; DFS: disease-free suruval; DL-
leucovorin: dextro-levogyre form of leucovorin; ECOG: Eastern Cooperative Oncology Group, ENG trial: European Organisation for Research and Treatment of Cancer/National
Cancer Institute of Canada Clinical Trials Group/Gruppo ltaliano di Valutazione Interventi in Oncologia trial; EORTC: European Organisation for Research and Treatment of
Cancer; FFCD trial: Federation Francophone de Cancerologie Digestive trial 9002; FOLFOX: leucovorin (folinic acid), fluorouracil, oxaliplatin; FU: fluorouracil; HR: hazard ratio;
ICD-9-CM: International Classification of Diseases, Ninth Revision, and Clinical Modification diagnosis codes; IOUS: intraoperative ultrasound sonography; IQR: interquartile
range; KRAS: Kirsten rat gene homolog; LCR: laparoscopic resection of colorectal cancer; LLCR: laparoscopic resection of liver metastases and colorectal caner; L-leucovorin:
levogyre form of leucovorin;, MRI: magnetic resonance imaging; N: number; NBOCA: National Bowel Cancer Audit; NGA: National Guidleine Alliance; OR: odds ratio; OS:
overall survival; PET: positron emission tomography; PHLF: posthepatectomy liver failure; PFS: progression free survival; RO: tumour-free resection margin;, R1: microscopic
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residual tumour in the resection margin; R2: macroscopic residual tumour in the resection margin; RCT: randomised controlled trial; RFA: radiofrequency ablation;, ROBINS-I: a
tool for assessing risk of bias in non-randomised studies of interventions; ROG: resection only group; SD: standard deviation; WHO: World Health Organization
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1 Appendix E — Forest plots

2 Forest plots for review question: What is the optimal combination and sequence of treatments in patients presenting with
3 metastatic colorectal cancer in the liver amenable to treatment with curative intent?

Figure 6: Comparison 1: Simultaneous resection versus staged resection — Liver progression-free survival

Simultaneous Staged Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Fvents Total O-E Variance Exp[{0-E) V], Fixed, 95% CI Expl[{0-E) '], Fixed, 95% CI
Bartolini 2018 1] 25 1] 14 232 362 1.90 [0.68, 5.32] N L
Kaihar 2010 (1) ] az 1] 42 6.05 46 3.73[1.49, 9.249] —
Yoshidome 2008 (23 ] 116 1] 2 a8 373 473[1.72, 13.06] —t—
0.01 0.1 10 100

Favours simultaneous  Favours staged

Foothotes
(1) Mumber of events not reported.
(21 Mumber of events not reported.

ClI: confidence interval; O-E: observed minus expected; V: variance
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Figure 7: Comparison 1: Simultaneous resection versus staged resection — Overall survival

Simultaneous Staged Hazard Ratio Hazard Ratio
Study or Subgroup  Events  Total Events Total 0-E Variance Exp[{O-E) /V], Fized, 95% CI Exp[{0-E) /'], Fixed, 95% CI
Abbatt 2012 {13 a B0 a a4 318 944 1.40([0.74, 2.65] L
Bartalini 2018 a 25 a 14 462 4.449 2.80[1.11, 7.08] i
Maya 2013 {2 a 320 0 678 TAT 9y.07 1.08[0.89,1.32] -
Patrono 2014 a0 46 32 B0 -0.84 15.48 0.95[0.58, 1.56] —
Yallance 2018 (3) a 1498 o 198 -16.32 19576 0.92 [0.80,1.08] —+
01 02 0.5 2 10
Favours simultaneous Favours staged
Foothotes
1) Mumber of events not reported.
2y Mumber of events not reported.
{3y Mumber of events not reported.
ClI: confidence interval; Exp: expected; O-E: observed minus expected; V: variance
Figure 8: Comparison 1: Simultaneous resection versus staged resection — Disease-free survival
Simultaneous Staged Hazard Ratio Hazard Ratio
Stuchy or Subgroup  BEvents  Total Events Total O-E Variance Exp[{O-E) /%], Fized, 95% Cl Exp[{O-E) /], Fixed, 95% CI
Abbott 2012 (1) 1] G0 1] 24 374 14,27 1300077, 2.18] It
I ] ] ]
0.01 0.1 10 100

Fawours simultaneous Fawvours staged

Footnotes
(1) Mumber of events not reported.

ClI: confidence interval; O-E: observed minus expected; V: variance
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Figure 9: Comparison 1: Simultaneous resection versus staged resection —Treatment-related mortality

Simultaneous Staged Risk Difference Risk Difference
Study or Subgroup  BEvents  Total BEwvents Total M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.9.1 Perioperative mortality
Moug 2010 a 3z 1] 32 0.00[0.06, 0.06] -
1.9.7 60-day mortality
De Haas 2010 a 20 1] 26 0.00[0.07, 0.07] 1
1 04 0 0.5 1

Favours simultaneous Favours staged
ClI: confidence interval; M-H: Mantel Haenszel method

Figure 10: Comparison 1: Simultaneous resection versus staged resection —Treatment-related mortality

Simultaneous Staged Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Bvents  Total Bvents Total Peto, Fixed, 95% Cl Peto, Fixed, 95% CI
1.8.3 30 day mortality
wvan der Poel 2018 1] fi1 1 A1 0.14 [0.00,6.82] * i
0.01 0.1 10 100

Favours simultaneous Favours staged
ClI: confidence interval
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Figure 11: Comparison 1: Simultaneous resection versus staged resection — Grade 3 or 4 adverse events

Simultaneous Staged Peto Odds Ratio Peto Odds Ratio
Study or Subgroup  Bvents  Total BEwvents Total Peto, Fized, 95% Cl Peto, Fixed, 95% CI
Moug 2010 1 a2 1] 32 TF.39 0145, 372.348] 1 4
0.01 0.1 10 100

Favours simultaneous Favours staged

ClI: confidence interval

Figure 12: Comparison 1: Simultaneous resection versus staged resection — Postoperative complications

Simultaneous Staged RisK Ratio Risk Ratio
Study or Subgroup Events Total Events Total M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
De Haas 2010 2 20 a 20 0.25[0.06, 1.07] 1
0.01 0.1 10 100

Favours simultaneous Favours staged

ClI: confidence interval; M-H: Mantel Haenszel method
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Figure 13: Comparison 2: Adjuvant chemotherapy versus surgery alone — Overall survival

Adjuvant chemotherapy  Surgery alone Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Events Total O-E VWariance Weight Expl[{O-E) /], Fixed, 95% Cl Expl{0-E) /W], Fixed, 95% Cl
2.2.1 Postoperative chemotherapy (5-FU + LY)
FFCD trial and EMNG trial (Mitry 20083 (1) a 148 a 184 -10.9 36,75 39.0% 0.74[0.54,1.03] —
Subtotal (95% Cl) 148 154 39.0% 0.74 [0.54, 1.03] B
Total events 0 0

Heterogeneity: Mot applicable
Test for overall effect: Z=1.80 (F=0.07)

2.2.2 Perioperative chemotherapy (FOLFOX)

EQORTC 40983 {Mordlinger 2013) 107 182 114 182 -7.36 8786 B1.0% 0.88[0.68,1.14] —-
Subtotal (95% Cl) 182 182 61.0% 0.88 [0.68, 1.14] L =
Total events 107 114

Heterageneity: Mot applicahle
Test for overall effect: Z=0.87 (F=0.33)

Total (95% Cl) 330 336 100.0% 0.82 [0.67, 1.01] o

Total events 107 114

?ehta;ogenelwl:l CQ Tg?i gfg:;EPuzng.u); F=0% 1 0 0's 1 z 0
Bstibroverall @ EC_' =1.88 e ) Favours chemotherapy  Favours surgery alone

Testfor subgroup differences: Chit= 0.64, df=1 (P=042) F=0%

Footnotes

(1) Mumber of events not reported.

5-FU: fluorouracil; Cl: confidence interval; ENG trial: European Organisation for Research and Treatment of Cancer/National Cancer Institure of Canada Clinical Trials
Group/Gruppo ltaliano di Valutazione Interventi in Oncologia trial, EORTC: European Organisation for Research and Treatment of Cancer; FFCD trial: Federation
Francophone de Cancerologie Digestive trial 9002; FOLFOX: leucovorin (folinic acid), fluorouracil, oxaliplatin; LV: leucovorin (folinic acid); O-E: observed minus expected;
V: variance
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Figure 14: Comparison 2: Adjuvant chemotherapy versus surgery alone — Disease-free survival

Adjuvant chemotherapy  Surgery alone Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Events  Total 0-E Variance Weight Exp[{0-E) /V], Fixed, 95% CI Exp[{0-E) / V], Fixed, 95% CI
2.4.1 Postoperative chemotherapy (5-FU + L)
FFCD trial and EMG frial {Mitry 2008) {13 a 148 ] 184 -12.54 4571 39.3% 0.76[0.57,1.02] ——
Subtotal (95% Cl) 148 154 39.3% 0.76 [0.57, 1.02] -
Total events I} a

Heterageneity: Mot applicable
Test for overall effect; 2= 1.85 (F = 0.06)

2.1.2 Perioperative chemotherapy (FOLFOX)

ECQRTC 40983 (Mordlinger 2013) 136 182 1349 182 -1449 7073 BOTV% 0.81[0.64,1.02] —
Subtotal (95% Clj 182 182 60.7% 0.81 [0.64, 1.02] £
Total events 136 139

Heterogeneity: Mot applicable
Test for overall effect: Z=1.77 (F=0.08)

Total {95% CI) 330 336 100.0% 0.79 [0.66, 0.95] <

Total events 136 139

?et?;ogenemrl:l C;I T2112 gizgipuzuﬁl.?ai);l = 0% 'D.1 sz DTS i :'5 0
estioroverall e E':_' =154 T ] Favours chematherapy Fawours surgery alone

Test for subgroup differences: Chi*=0.11,di=1 (P=074), F=0%

Footnotes

(1) Murmber of events not reported.

5-FU: fluorouracil; Cl: confidence interval; ENG trial: European Organisation for Research and Treatment of Cancer/National Cancer Institure of Canada Clinical Trials
Group/Gruppo lItaliano di Valutazione Interventi in Oncologia trial; EORTC: European Organisation for Research and Treatment of Cancer; FFCD trial: Federation
Francophone de Cancerologie Digestive trial 9002; FOLFOX: leucovorin (folinic acid), fluorouracil, oxaliplatin; LV: leucovorin (folinic acid); O-E: observed minus expected;
V: variance

Figure 15: Comparison 2: Adjuvant chemotherapy versus surgery alone — Treatment-related mortality

Adjuvant chemotherapy  Surgery alone Risk Ratio Risk Ratio
Study or Subgroup BEvents Total BEvents  Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
EQRTC 40933 (Mordlinger 2013 3 182 3 182 1.00[0.20, 4.84]
0.01 0.1 10 100

Favours chemotherapy  Favours surgery alone

ClI: confidence interval; EORTC: European Organisation for Research and Treatment of Cancer; M-H: Mantel Haenszel method
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Figure 16: Comparison 2: Adjuvant chemotherapy versus surgery alone — Grade 3 or 4 chemotherapy-related adverse events

Adjuvant chemotherapy  Surgeny alone  Risk Difference Risk Difference
Study or Subgroup BEvents Total Evemts  Total M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
FFCD trial (Porier 2006) 20 a1 1] a4 0.25[0.14, 0.34] —
1 -0 0 0.5 1

Favours chemotherapy  Favours surgery alone

ClI: confidence interval; FFCD trial: Federation Francophone de Cancerologie Digestive trial 9002; M-H: Mantel Haenszel method

Figure 17: Comparison 3: Liver resection plus RFA versus liver resection alone — Liver progression-free survival

Resection + RFA  Resection alone Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Events Total O-E V“ariance Exp[{0-E) V], Fixed, 95% CI Exp[{O-E) /'], Fixed, 95% CI
lai 2017 (1) ] a1 1] 93 1.43 1497 1.10[0.66, 1.83] —t—
0.01 0.1 10 100

Favours resection + RFA  Favours resection alone

Foothotes
(1) Mumber of events not reparted.

ClI: confidence interval; O-E: observed minus expected; RFA: radiofrequency ablation; V: variance
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Figure 18: Comparison 3: Liver resection plus RFA versus liver resection alone — Overall survival

RFA + resection  Resection alone Hazard Ratio Hazard Ratio
Study or Subgroup Events Total FEwents Total 0-E Variance Exp[{0-E) /%], Fixed, 95% CI Expl{O-E) /'], Fixed, 95% CI
3.3.1 All patients
Eltawil 2014 {1 il 24 il 150 nz 1017 1.02[0.55 1.849] —
Gleisner 2008 (2 i a5 i 192 1355 13.07 282164 4.85] —t
[mai 2017 (3 1] M 1] 93 1.33 g8.93 116 [0.60, 2.24] ——
van Amerangen 2016 (4) il 4a il 534 1214 278 1.85[1.07, 2.259] ——
3.3.2 High risk
Masuda 2018 (5) 1] 6e 1] a1 027 §9.25 1.03[0.54 1.96] .
3.3.3 Low risk
Masuda 2018 () i 48 i 520 1384 .82 1.89[1.24 288 ——

0.01 0.1 10 100
Favours RFA + resection  Favours resection alone

Foothotes

{1 Mumber of events not reported
2y Mumber of events not reported
{3 Mumber of events not reported
{4 Mumber of events not repaorted
(& Mumber of events not reported
{6 Mumber of events not reported

ClI: confidence interval; O-E: observed minus expected; RFA: radiofrequency ablation; V: variance
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Figure 19: Comparison 3: RFA alone versus liver resection alone — Overall survival

RFA onhy Resection Hazard Ratio Hazard Ratio
Study or Subgroup  BEvents Total Bvents Total O-E Variance Exp[{O-E) V], Fixed, 95% CI Exp[(0-E) i V], Fixed, 95% CI
Wang 2018 14 46 21 42 212 0.849 1.27 [0.66, 2.41] —t—
01 0.2 0.5 2 £ 10

Favours RFA only  Favours resection

ClI: confidence interval; O-E: observed minus expected; RFA: radiofrequency ablation; V: variance

Figure 20: Comparison 3: Liver resection plus RFA versus liver resection alone — Disease-free survival

RFA + resection Resection alone Hazard Ratio Hazard Ratio
Study or Subgroup Events Total Events Total O Variance Exp[{O-E) V], Fixed, 95% Cl Exp[{O-E) /'], Fixed, 95% CI
Eltawil 2014 {13 0 24 0 150 264 6.41 161 [0.70, 3.27] —+—
Gleisner 2008 () 0 55 0 192 1173 1591 2.09[1.28, 3.47] ——
Imai 2017 {3) 0 ) 0 931 -0.75 18.3 0.96 [0.61,1.57] —i—
wan Amerongen 2016 (4 0 ag 0 534 052 3705 1.01 [0.73,1.40] ——
0.0 0 110 100

Favours RFA + resection  Favours resection alone

Footnotes

{13 Murmhber of events not reported.
{27 Mumber of events not reported.
(3 Mumber of events not reported.
4 Murmber of events not repored.

ClI: confidence interval; O-E: observed minus expected; RFA: radiofrequency ablation; V: variance
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Figure 21: Comparison 3: Liver resection plus RFA versus liver resection alone — 90-day mortality

RFA +resection Resection alone Risk Difference Risk Difference
Study or Subgroup BEuents Total FEvents Total M-H, Fixed, 95% Cl M-H, Fixed, @5% CI
lmai 2017 1 h 1] 93 Q.03 004, 0.11] -
- 05 0 0.5 1

Fawvours RFA + resection Favours resection alone

ClI: confidence interval; M-H: Mantel Haenszel method; RFA: radiofrequency ablation

Figure 22: Comparison 3: Liver resection plus RFA versus liver resection alone — Grade 3 or 4 adverse events

RFA + resection Resection alone Risk Ratio Risk Ratio
Study or Subgroup Euvents Total FBEwvents Total M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Itrai 2017 G 31 22 93 0.82[0.37,1.83] —t—
0.01 01 10 100

Favours RFA + resection  Fawours resection alone

ClI: confidence interval; M-H: Mantel Haenszel method; RFA: radiofrequency ablation
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1 Appendix F — GRADE tables

2 GRADE tables for review question: What is the optimal combination and sequence of treatments in patients presenting with
3 metastatic colorectal cancer in the liver amenable to treatment with curative intent?

4 Table 7: Clinical evidence profile for comparison 1: Simultaneous resection versus staged resection for metastatic colorectal cancer
in the liver amenable to treatment with curative intent

1 observational no serious no serious no serious  serious? none 26 14 HR 1.90 Not reported or VERY CRITICA
studies risk of bias inconsistenc  indirectnes (0.68 to estimable LOW L
Y 5 5.50)
1 observational no serious no serious no serious  serious? none 32 42 HR 3.73 At 3 years VERY CRITICA
studies risk of bias inconsistenc  indirectnes (1.49to staged 60%*, LOW L
\ S 9.29) simultaneous
15%
1 observational serious’ no serious no serious  serious? none 116 21 HR 4.73 At 3 years VERY CRITICA
studies inconsistenc  indirectnes (1.72 to staged 75%°, LOW L
y S 13.06 simultaneous
26% (2.3% to
61.0%)
1 observational no serious no serious no serious  serious? none 60 84 HR 1.40 At 3 years VERY CRITICA
studies risk of bias inconsistenc  indirectnes (0.74 to staged 65%°, LOW L
y s 2.65) simultaneous
55% (32% to
73%)
1 observational no serious no serious no serious  serious? none 25 14 HR 2.80 Not reported or VERY CRITICA
studies risk of bias inconsistenc  indirectnes (1.11 to estimable LOW L
y S 7.06)
1 observational no serious no serious no serious  Nno serious none 329 675 HR 1.08 At 5 years LOW CRITICA
studies risk of bias inconsistenc  indirectnes  imprecision (0.89 to staged 44%°, L
y S 1.32) simultaneous
83
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41% (34% to

48%)
1 observational no serious no serious no serious  serious? none 30/46 32/60 HR 0.95 At 3 years VERY CRITICA
studies risk of bias inconsistenc  indirectnes (0.58 to staged 56%, LOW L
\ S 1.56) simultaneous
55%
1 observational no serious no serious no serious  serious? none 198 198 HR 0.92 At 3 years VERY CRITICA
studies risk of bias inconsistenc  indirectnes (0.80 to staged 65%°, LOW L
y S 1.06) simultaneous
67% (63% to
71%)
1 observational no serious no serious no serious  serious? none 26 26 Not reported At 3 years VERY CRITICA
studies risk of bias inconsistenc  indirectnes or estimable  staged 76%, LOW L
\ S simultaneous
67%, p=0.78
1 observational no serious no serious no serious  serious? none 106 120 Not reported At 5 years VERY CRITICA
studies risk of bias inconsistenc  indirectnes or estimable  staged 43.0%, LOW L
Y S simultaneous
43.8%, p=0.223
1 observational serious’ no serious no serious  serious? none 32 32 Not reported At 5 years VERY CRITICA
studies inconsistenc  indirectnes or estimable  staged 24%, LOW L
\ S simultaneous
21%, p=0.84
0 No evidence - - - - - - - - - - CRITICA
available L
1 observational no serious no serious no serious  serious? none 60 84 HR 1.30 Not reported or VERY IMPORT
studies risk of bias inconsistenc  indirectnes (0.77 to estimable LOW ANT
y s 2.18)
1 observational no serious no serious no serious  serious? none 26 26 Not reported At1and2years VERY IMPORT
studies risk of bias inconsistenc  indirectnes or estimable  staged 73% and LOW ANT
Y S 52%,

simultaneous
29% and 13%,
p=0.007

(0]
h |

Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in the liver amenable to treatment with curative intent
FINAL (January 2020)



FINAL
Optimal combination and sequence of treatments in patients presenting with metastatic colorectal cancer in the liver amenable to treatment with curative intent

observational no serious no serious no serious  serious? none 0/32 0/32 Risk Not estimable VERY IMPORT
studies risk of bias  inconsistenc  indirectnes (0%) (0%) difference 0 LOW ANT
y s (-0.06 to
0.06)
1 observational no serious no serious no serious  serious? none 0/61 1/61 Peto OR 11 fewer per VERY IMPORT
studies risk of bias  inconsistenc  indirectnes (0%) (1.6%) 0.14 (0.00to 1000 (from 16 LOW ANT
Y s 6.82) fewer to 115
more)
1 observational no serious no serious no serious  no serious none 0/26 0/26 Risk Not estimable LOW IMPORT
studies risk of bias inconsistenc  indirectnes  imprecision (0%) (0%) difference 0 ANT
y S (-0.07 to
0.07)
1 observational no serious no serious no serious  serious? none 1/32 0/32 Peto OR Not estimable VERY IMPORT
studies risk of bias inconsistenc  indirectnes (3.1%) (0%) 7.39 (0.15to LOW ANT
y S 372.38)
1 observational no serious no serious no serious  serious? none 99/1088 35/342 Adjusted OR 26 fewer per VERY IMPORT
studies risk of bias inconsistenc  indirectnes (9.2%) (10.3%) 0.72 (0.47to 1000 (from 52 LOW ANT
Y S 1.12) fewer to 11
more)

1 observational no serious no serious no serious  serious? none 190/1088 74/342 Adjusted OR 53 fewer per VERY IMPORT
studies risk of bias inconsistenc  indirectnes (17.7%) (21.8%) 0.71 (0.52to 1000 (from 90 LOW ANT
\ S 0.99) fewer to 1 fewer)
1 observational no serious no serious no serious  serious? none 7161 8/61 Not Not estimable VERY IMPORT
studies risk of bias inconsistenc  indirectnes (11.5%) (13.1%) estimable LOW ANT
y s
1 observational no serious no serious no serious  serious? none 37/1088 13/342 Adjusted OR 7 fewer per 1000 VERY IMPORT
studies risk of bias inconsistenc  indirectnes (3.4%) (3.8%) 0.81 (0.41to (from 22 fewer LOW ANT
y s 1.59) to 21 more)
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observational no serious no serious no serious  serious? none 153/1088 39/342 Adjusted OR 28 fewer per VERY IMPORT
studies risk of bias inconsistenc  indirectnes (14.2%) (11.5%) 1.29 (0.86to 1000 (from 15 LOW ANT
y s 1.92) fewer to 84
more)
1 observational no serious no serious no serious  serious? none 5/61 4/61 Not Not estimable VERY IMPORT
studies risk of bias inconsistenc  indirectnes (8.2%) (6.6%) estimable LOW ANT
y s
1 observational no serious no serious no serious  serious? none 1086 341 Adjusted OR  Not reported or VERY IMPORT
studies risk of bias inconsistenc  indirectnes 0.38 (0.08to  estimable® LOW ANT
y S 1.72)
1 observational no serious no serious no serious  serious? none 1086 341 Adjusted OR  Not reported or VERY IMPORT
studies risk of bias  inconsistenc  indirectnes 1.93 (0.79to  estimable® LOW ANT
y S 4.71)
1 observational no serious no serious no serious  serious? none 2/26 8/26 RR 0.25 231 fewer per VERY IMPORT
studies risk of bias inconsistenc  indirectnes (7.7%) (30.8%) (0.06 to 1000 (from 289 LOW ANT
\ S 1.07) fewer to 22
more)

CI: confidence interval;, HR: hazard ratio; MI: myocardial infarction; OR: odds ratio; PE: pulmonary embolism; RR: relative risk

1 Quality of evidence downgraded by 1 because of risk of bias due to confounding (unclear what variables were controlled for in the analysis in one study)

2 Quality of evidence downgraded by 1 because of imprecision of the effect estimate (<300 events for dichotomous outcomes or sample size <400 for continuous outcomes)
3 Survival percentage at 3 years in the control group estimated using 3-year survival data from Kaibori 2010

4 Survival percentage at 3 years in the control group estimated using 3-year survival data from Yoshidome 2008

5 Survival percentage at 3 years in the control group estimated using 3-year survival data from Vallance 2018

6 Survival percentage at 5 years in the control group estimated using 5-year survival data from Mayo 2013

7 Quality of evidence downgraded by 1 because of risk of bias due to confounding (some important confounding factors were not controlled for)

8 Not estimable due to zero events in both arms

9 Not estimable because number of events not reported
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Table 8: Clinical evidence profile for comparison 2: Surgery and SACT versus surgery alone for metastatic colorectal cancer in the
liver amenable to treatment with curative intent

0 No evidence - - - - - - - - - - CRITICAL
available
2 randomised no serious no serious no serious  serious' none 330 336 HR 0.82 At 5 years MODERA  CRITICAL
trials risk of bias inconsistency indirectnes (0.67 to surgery alone TE
s 1.01) 47%2, adjuvant
chemotherapy
54% (47% to
60%)
1 randomised no serious no serious no serious  serious' none 148 154 HR 0.74 At 5 years MODERA  CRITICAL
trials risk of bias inconsistency indirectnes (0.54 to surgery alone TE
s 1.03) 40%?3, adjuvant
chemotherapy
50% (38% to
60%)
1 randomised no serious no serious no serious  serious' none 107/182 114/182 HR 0.88 At 5 years MODERA  CRITICAL
trials risk of bias inconsistency indirectnes (58.8%) (62.6%) (0.68 to surgery alone TE
s 1.14) 47%2, adjuvant
chemotherapy
51% (42% to
60%)
Qualityoflife
0 No evidence - - - - - - - - - - CRITICAL
available
Diseasedfreesurvival-Pooled
2 randomised no serious no serious no serious  serious' none 330 336 HR 0.79 At 5 years MODERA IMPORTAN
trials risk of bias inconsistency indirectnes (0.66 to surgery alone TE T
s 0.95) 26%?2, adjuvant
chemotherapy
35% (28% to
41%)
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1 randomised no serious no serious no serious  serious' none 148 154 HR 0.76 At 5 years MODERA  CRITICAL
trials risk of bias inconsistency indirectnes (0.57 to surgery alone TE
s 1.02) 28%?3, adjuvant
chemotherapy
38% (27% to
48%)
1 randomised no serious no serious no serious  serious' none 136/182 139/182 HR 0.81 At 5 years MODERA  CRITICAL
trials risk of bias inconsistency indirectnes (74.7%) (76.4%) (0.64 to surgery alone TE
s 1.02) 26%?2, adjuvant
chemotherapy
34% (25% to
42%)
1 randomised no serious no serious no serious  serious' none 3/182 3/182 RR 1.00 0 fewer per MODERA  IMPORTAN
trials risk of bias inconsistency indirectnes (1.6%) (1.6%) (0.2to 1000 (from 13 TE T
5 4.89) fewer to 64
more)
1 randomised no serious no serious no serious  serious' none 20/81 0/85 Risk 250 more per MODERA  IMPORTAN
trials risk of bias inconsistency indirectnes (24.7%) difference 1000 (from 1560 TE T
s 0.25 (0.15 more to 340

t0 0.34) more)
5-FU: fluorouracil; Cl: confidence interval; FOLFOX: leucovorin (folinic acid), fluorouracil, oxaliplatin; HR: hazard ratio,; LV: leucovorin (folinic acid); RR: relative risk; SACT:
systemic anti-cancer therapy
1 Quality of evidence downgraded by 1 because of imprecision of the effect estimate (<300 events for dichotomous outcomes or sample size <400 for continuous outcomes)
2 Survival percentage at 5 years in the control group estimated using 5-year survival data from Nordlinger 2013
3 Survival percentage at 5 years in the control group estimated using 5-year survival data from Mitry 2008
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Table 9: Clinical evidence profile for comparison 3: Ablation with or without resection versus liver resection alone for metastatic
colorectal cancer in the liver amenable to treatment with curative intent

1 observational no serious no serious no serious serious' none 31 93 HR 1.10 At 3 years VERY CRITICA
studies risk of bias inconsistency indirectness (0.66 to resection LOW L
1.83) alone 40%?2,
resection +
RFA 37%
(19% to
55%)
1 observational no serious no serious no serious serious’ none 24 150 HR 1.02 At 3 years VERY CRITICA
studies risk of bias inconsistency indirectness (0.55 to resection LOW L
1.89) alone 61%?2,
resection +
RFA 60%
(39% to
76%)
1 observational no serious no serious no serious serious' none 55 192 HR 2.82 At 3 years VERY CRITICA
studies risk of bias inconsistency indirectness (1.64 to resection LOW L
4.85) alone 75%?*,
resection +
RFA 44%
(25% to
62%)
1 observational no serious no serious no serious serious’ none 31 93 HR 1.16 At 3 years VERY CRITICA
studies risk of bias inconsistency indirectness (0.60 to resection LOW L
2.24) alone 80%?2,
resection +
RFA 77%
(61% to
88%)
1 observational serious® no serious no serious no serious none 98 534 HR 1.55 At 5 years VERY CRITICA
studies inconsistency indirectness imprecision (1.07 to resection LOW L
2.25) alone 62%5,
resection +
RFA 48%
89
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(34% to
60%)
1 observational no serious no serious no serious serious’ none 68 81 HR 1.03 Not reported  VERY CRITICA
studies risk of bias inconsistency indirectness (0.54 to or estimable  LOW L
1.96)
1 observational no serious no serious no serious serious' none 48 520 HR 1.89 Not reported  VERY CRITICA
studies risk of bias inconsistency indirectness (1.24 to or estimable  LOW L
2.88)
1 observational no serious no serious no serious serious’ none 19/46 21/92 HR 1.27 At 3 years VERY CRITICA
studies risk of bias inconsistency indirectness (41.3%) (22.8%) (0.66 to resection LOW L
2.45) alone 67%,
alblation
alone 72%
0 No evidence Not reported CRITICA
available or estimable’ L
1 observational no serious no serious no serious serious’ none 24 150 HR 1.51 At 3 years VERY IMPORT
studies risk of bias inconsistency indirectness (0.70 to resection LOW ANT
3.27) alone 29%5,
resection +
RFA 15%
(2% to 42%)
1 observational no serious no serious no serious serious’ none 55 192 HR 2.09 At 3 years VERY IMPORT
studies risk of bias inconsistency indirectness (1.28 to resection LOW ANT
3.42) alone 40%?*,
resection +
RFA 15%
(4% to 31%)
1 observational no serious no serious no serious serious' none 31 93 HR 0.96 At 3 years VERY IMPORT
studies risk of bias inconsistency indirectness (0.61 to resection LOW ANT
1.52) alone 20%?2,
resection +
90
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RFA 21%
(9% to 38%)
1 observational serious® no serious no serious no serious none 98 534 HR 1.01 At 3 years VERY IMPORT
studies inconsistency indirectness imprecision (0.73 to staged 36%° LOW ANT
1.40) resection +
RFA 36%
(24% to
47%)
1 observational no serious no serious no serious serious’ none 1/31 0/93 Risk 30 fewer per VERY IMPORT
studies risk of bias inconsistency indirectness (3.2%) (0%) difference 1000 (from LOW ANT
0.03 (-0.04 110 fewer to
to 0.11) 40 more)
1 observational no serious no serious no serious serious' none 6/31 22/93 RR 0.82 43 fewer per VERY IMPORT
studies risk of bias inconsistency indirectness (19.4%) (23.7%) (0.37 to 1000 (from LOW ANT
1.83) 149 fewer to
196 more)

CI: confidence interval;, HR; hazard ratio; RFA: radiofrequency ablation; RR: relative risk

1 Quality of evidence downgraded by 1 because of imprecision of the effect estimate (<300 events for dichotomous outcomes or sample size <400 for continuous outcomes)
2 Survival percentage at 3 years in the control group estimated using 3-year survival data from Imai 2017

3 Survival percentage at 3 years in the control group estimated using 3-year survival data from Eltawil 2014

4 Survival percentage at 3 years in the control group estimated using 3-year survival data from Gleisner 2008

5 Quality of evidence downgraded by 1 because of risk of bias due to confounding (some important confounding factors were not controlled for)

6 Survival percentage at 3 years in the control group estimated using 3-year survival data from van Amerongen 2016
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1 Appendix G — Economic evidence study selection

2 Economic evidence study selection for review question: What is the optimal
3 combination and sequence of treatments in patients presenting with metastatic
colorectal cancer in the liver amenable to treatment with curative intent?

4
5 A global search of economic evidence was undertaken for all review questions in this
6 guideline. See Supplement 2 for further information.
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1 Appendix H — Economic evidence tables

2 Economic evidence tables for review question: What is the optimal combination and
3 sequence of treatments in patients presenting with metastatic colorectal cancer
4 in the liver amenable to treatment with curative intent?

5 No economic evidence was identified which was applicable to this review question.

93
Colorectal cancer (update): evidence review for treatment of metastatic colorectal cancer in
the liver amenable to treatment with curative intent FINAL (January 2020)



FINAL
Optimal combination and sequence of treatments in patients presenting with metastatic colorectal

cancer in the liver amenable to treatment with curative intent

1 Appendix | - Economic evidence profiles

2 Economic evidence profiles for review question: What is the optimal combination
3 and sequence of treatments in patients presenting with metastatic colorectal
4 cancer in the liver amenable to treatment with curative intent?

5  No economic evidence was identified which was applicable to this review question.
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1 Appendix J — Economic analysis

2 Economic evidence analysis for review question: What is the optimal

~N~No o AW

combination and sequence of treatments in patients presenting with metastatic
colorectal cancer in the liver amenable to treatment with curative intent?

An economic analysis was undertaken to estimate the cost-effectiveness of simultaneous
versus staged resection in patients presenting with metastatic colorectal cancer in the liver
amenable to treatment with curative intent.

8 Introduction
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Surgical resection is the standard mode of treatment for colorectal cancer presenting with
liver metastases when the cancer is amenable to treatment with curative intent. Traditionally,
the resection of the primary colorectal cancer and the liver metastasis has taken a staged
approach with the resections performed over two surgical operations. In recent times some
centres have taken a simultaneous approach performing both resections during the same
surgical procedure. A simultaneous approach has potential to both decrease costs and
increase patient quality of life and satisfaction through reduced hospitalisation, number of
operations and total operating time and reduced perioperative recovery periods. This
economic analysis aims to estimate the outcomes, patient quality of life and costs of a
simultaneous approach to resection compared to a staged approach in patients with
colorectal cancer presenting with liver metastases.

Methods

Population

The model considers patients with colorectal cancer presenting with liver metastases where
surgical resection of both the primary cancer and the metastases is considered the most
appropriate treatment option. Only patients where the procedure is intended to remove all
malignant tissue (RO margins) are considered by this analysis. Patients were not excluded
from analysis based on previous treatment or future planned treatment including systemic
anti-cancer therapies (SACTSs).

28 Intervention and comparator

29
30

31
32
33
34
35
36
37
38
39
40
41

Two approaches to the surgical resection of the cancer were considered in the economic
model:

Staged Approach: This approach consists of 2 surgical operations, 1 for the resection of the
primary colorectal cancer and 1 for the resection of the liver metastases. The surgical
operations are performed during unique hospitalisations and both will consist of standalone
pre-operative assessment and preparation, surgical procedure, perioperative recovery and
surgical follow-up. Both resections are usually performed within a few months of each other
but the model allowed for the second resection to occur within a maximum of 6 months of the
first. Whilst the colorectal and liver resection can be performed in either order the majority of
staged procedures in England remove the primary colorectal cancer first. This also accounts
for the majority of operations used by the studies identified in the accompanying clinical
evidence review. The economic model therefore assumes that the colorectal cancer
resection is performed prior to the resection of the liver metastases.
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Simultaneous Approach: This approach involves 1 surgical operation to resect both the
primary colorectal cancer and the liver metastases. Only 1 hospitalisation, pre-operative
assessment and preparation, surgical procedure, perioperative recovery period and surgical
follow-up is need with this approach.

Other methods of treatment for this patient group were considered by the review protocol
including stereotactic ablative radiotherapy (SABR) and adjuvant chemotherapy alongside
resection. These were not considered by the economic model as in the case of SABR it was
considered unlikely that clinical evidence would be identified to inform the model and there is
no clarity on the most appropriate patient group for these techniques or its exact position in
any treatment pathway. It was therefore not feasible to meaningfully model such
interventions. Adjuvant chemotherapy was not considered by the economic model. It was not
considered that having adjuvant radiotherapy could change the preferred option between
staged and simultaneous resection. Whilst the use of adjuvant radiotherapy, including
whether to use it and what regimen to use, may be of economic interest this question was
considered likely to have a greater impact upon quality of life and resource use and was
prioritised for bespoke economic modelling.

17 Model Structure

18
19
20
21
22
23
24
25
26
27
28

29
30

A partitioned survival analysis was developed to estimate the expected life expectancy,
quality adjusted life years (QALYs) and costs associated with the 2 approaches considered
by this economic analysis. A partitioned survival analysis divides the model cohort between
different health states based on survival curves derived for overall survival (OS) and disease-
free survival (DFS) derived from the accompanying clinical evidence review. The expected
OS and DFS are then calculated from the area under the respective curves. For our model, 3
mutually exclusive health states were derived for the cohort to be partitioned into:

e alive without progressed disease (equal to the area under the DFS curve)

e alive with progressed disease (equal to the area between the DFS curve and the OS

curve)
e death (area above the OS curve).

An illustrative example of the structure of the partitioned survival analysis is shown in Figure
23.
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Figure 23: lllustrative example of partitioned survival analysis
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A partitioned survival analysis approach was chosen over other modelling approaches, for
example, a state transition model as only absolute survival estimates at limited set time
points were reported by the identified studies and these were the only survival estimates
synthesised and reported by the meta-analyses in the accompanying clinical evidence
review. Consequently all OS and DFS estimates in the model were derived from these
outcomes. Given the scarcity of the time points at which these estimated it was difficult to
estimate plausible transition probabilities for use in a state transition model. It was also
possible to extrapolate survival beyond that reported by the studies in the accompanying
clinical evidence review. How this evidence was used to inform the OS and DFS curves for
the economic model is discussed in detail below. This approach is widely used in models of
the cost effectiveness of oncology interventions. A review of recent NICE Technology
Appraisals in oncology found that this approach was used in 73% of submissions (Woods
2017).

While not a consideration in choosing the most appropriate modelling approach, a partitioned
survival analysis is a more intuitive modelling approach for metastases in cancer than state
transition models. Evidence from trials and observational studies where survival is a key
outcome are almost exclusively reported as median overall and disease or progression-free
survival with accompanying hazard ratio and Kaplan Meier survival curves. As these are the
primary inputs for partitioned survival analysis the inputs can be easily compared with those
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observed in the included trials and other external sources. The model can also be more
easily compared, for validity, with any potential future study which consider the relevant
interventions.

A partitioned survival analysis was performed for both interventions considered in the
economic evaluation and total time spent in each health state for the model cohort was
calculated. Each health state was assigned a quality of life weighting so that survival could
be adjusted to QALYs.

The economic component of the model was built and run in Microsoft Excel 2013. The model
had a cycle length of 1 year. The model had a time horizon of 36 years for which, based on
Office of National Statistics (ONS) life tables, over 99.9% of a general population sample
would have died (ONS 2018). This percentage would be even higher for a population with
metastatic cancer. The model would therefore comfortably cover a sufficient time horizon to
capture all outcomes, QALY's and costs. The model took a NHS and Personal Social
Services perspective (PSS) and only outcomes relevant to either organisation were
considered.

For the reporting of outcomes in the model staged resection was considered the comparator
and simultaneous the intervention. The model was run with a hypothetical cohort of 1000
people although costs and outcomes are reported on a per person basis.

Model parameters

Clinical inputs

Socioeconomic and demographics variables

The model assumed a uniform age of the cohort of 60 years of age based and 60% male
identical to those reported in the only study (Mayo 2013), identified in the accompanying
clinical evidence review, that reported overall survival. The uniform age of the model cohort
was not varied during either deterministic or probabilistic sensitivity analysis as evidence was
not available, given the 1 study identified, to do this in a meaningful way. The proportion of
males was varied using a beta distribution based on the absolute numbers reported (Table
16).

Overall and disease-free survival

Survival curves for the economic model were estimated entirely from the accompanying
clinical evidence report. The accompanying clinical evidence review identified one study
which reported overall survival for this patient group. (Mayo 2013) The study estimated an
absolute overall survival from a staged approach at 44.0% after 5 years. From the same
study the hazard ratio for a simultaneous compared to a staged approach was 1.08 (0.89-
1.32) suggesting decreased overall survival in the simultaneous approach although the 95%
confidence interval crossed the point of no difference. The study was a retrospective cohort
study involving 1004 patients. Full details of the study are available in the accompanying
clinical evidence review.

It was considered by the committee that retrospective cohort studies would always
overestimate the overall survival of the staged approach. This is because there will be a
subset of patients in the staged approach who would receive the first stage of the resection,
with intention for the second stage, but did not receive both either because of disease
progression, change in the frailty of the patient making further surgery inappropriate or
through death. This sub patient group is likely to be older, have more aggressive disease or
greater comorbidities. Their life expectancy is less than that of the rest of the population. The
3 retrospective studies did not or were unable to identify these patients and they were
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excluded from the analysis increasing the mean survival for the cohort. A prospective cohort
study or randomised controlled trial would have eliminated this selection bias. Based on
single centre cohort studies it is estimated that between 16% and 35% of patients intended to
receive both resections in a staged approach will not receive the second operation. (Mayo
2013) The majority of these patients, if simultaneous approach was favoured, would have
received both parts of the resection. There is possibly a small number of patients for which
performing the first resection, without full intention of performing the second resection (i.e. a
planned reevaluation of the disease and patient condition) and that a simultaneous approach
maybe inappropriate. Whilst this group is not considered by the economic model they are will
be included in the retrospective studies. However, as their number will be small it is unlikely
that they will alter the results of the economic model.

Overall survival curves for a staged approach were estimated using the 5 year overall
survival and assuming an exponential function in the absence of an estimated Kaplan Meier
survival curve. Given the biases in the estimates of survival discussed above it was assumed
in the base case that 25.5% of patients intended to receive both resections would only
receive the initial one, the median of the two proportions discussed above. It was considered
by the committee that such patients would instead receive treatment with non-curative intent
given their poor prognosis, advanced cancer or frailty. It was considered by the committee
that individuals in this group would follow the prognosis of those enrolled in the FOCUS trial
(Seymour 2007). This was an RCT involving 2135 previously untreated patients with
advanced colorectal cancer receiving treatment with non-curative intent comparing a number
of different treatment strategies. All treatment strategies considered by the RCT reported a
median overall survival between 13.9 months and 16.7 months. To approximately account for
this omitted group in the base-case overall survival for the staged approach was adjusted to
assume that 25.5% of patients had been excluded from the analysis and that these would
have a mean survival of 16.7 months the largest median value reported in the FOCUS ftrial.
Mean values were not reported in the trial which would be a more appropriate value to adjust
by. The median survival is likely to be an underestimate of the true survival. The overall
survival of this subgroup did not vary during the PSA although the proportion of the group
was varied on a uniform distribution across the range of reported estimates (16%-35%) from
the single centre cohort studies.

The population of the FOCUS trial are about 5 years older, more male and have a worse
performance scores compared to the population in Mayo 2013 and assumed for this model.
As above though it is assumed tha this subsection of the population would be older and
frailer than the rest of the population. The focus study is also reasonably old and survival
would now likely be greater. This will be somewhat accounted for in the unadjusted
population estimates.

Up to 5 years survival curves for the simultaneous approach were calculated from the hazard
ratio reported in the accompanying clinical evidence review and the unadjusted overall
survival curve for the staged approach following the usual proportional hazard assumptions.
After 5 years in the model equal hazards are assumed. This hazard ratio was varied during
probabilistic sensitivity analysis following the 95% confidence interval (0.89-1.32) reported in
the accompanying clinical evidence review with a log normal distribution.

Disease-free survival was estimated using similar methods. Again an exponential function
was assumed for the 52.0% disease-free survival at 2 years estimated in the accompanying
clinical evidence review for the staged approach. Both the baseline rate and relative effect
were varied for both overall and disease free survival during PSA. To account for the omitted
patients who did not receive both resections it was assumed that all patients in this group
would not be disease-free after the first year and the disease-free survival curve was
adjusted to account for this. It is unlikely that in a patient in which cancer has not progressed
significantly but is fit for surgery that the second resection would not be performed. Disease-
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free survival for patients in the simultaneous approach arm was again estimated using the
same assumptions as for overall survival using the estimated hazard ratio for disease-free
survival (1.30 95% CI 0.77-2.18). Again the hazard ratio was used against the unadjusted
disease-free survival curve for the staged approach. The hazard ratio was varied using a log
normal distribution. It was assumed there was no correlation between overall and disease-
free survival during the PSA although there is some evidence for a weak to moderate
relationship between the two outcomes in metastatic colorectal cancer (Cicero 2018). Where
during the PSA disease-free survival was estimated to be greater than overall survival it was
adjusted to be equal to that of the overall survival estimate. This was to avoid any logical
anomalies in the economic model.

A deterministic sensitivity analysis was also performed where no adjustments were made to
the overall or disease-free survival estimates from the accompanying clinical evidence
review.

All patients who had disease recurrence would receive either further treatment or palliative
care. The treatments received did not alter the survival in the model as these were already
accounted for in the survival estimates from the observational studies survival estimates are
based on. These further treatments were added solely as costs and are discussed in detail
below.

Mortality

The model split death into disease specific mortality and other cause mortality. Whilst this
made no difference to the overall survival in the economic model it was useful for assigning
palliative care costs (discussed below). Other cause mortality was assumed to be identical to
that of the general population which was estimated using Office of National Statistics Life
Tables for England and Wales 2014-2016. Estimated mortality was weighted by the age and
percentage male in the model cohort (ONS 2018). All other death was assumed to be as a
result of the metastasised colorectal cancer or related complications.

The accompanying clinical evidence review identified 1 study reporting on treatment-related
mortality which did not report on any events. The model therefore assumed that there would
be no death as a direct result of the treatment approach received. This assumption was held
for all sensitivity analyses.

Adverse events

The proportion of adverse events for either approach was taken from the accompanying
clinical evidence review. Only grade 3 and grade 4 adverse events, those deemed either
severe or potentially life threatening, were included in the economic model as these were
considered to be the only adverse events which would add additional costs, relative to the
base resection costs, and reduce quality of life over the usual detriment from significant

surgery.

The accompanying clinical evidence review only identified 1 study (Moug 2010) which
reported grade 3 and grade 4 adverse events. This study reported 1 adverse event, in the
simultaneous group, for the 64 patients divided equally across the arms. This difference was
not statistically significant. Adverse events for both arms in the economic model were
inputted, in absolute terms, identically to the values reported in Moug 2010 (3% staged, 0%
simultaneous). The committee highlighted that they thought such adverse events were likely
to be very rare in these patient groups and, if there was to be any difference between the two
groups, it was most clinically plausible for it to be higher in the staged group where a greater
number of operations are needed.
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Perioperative period

For all resections there will be some perioperative period given that this is a relatively major
operation. Patients will have to spend some period of time in hospital following resection
regardless of whether a staged or simultaneous approach is taken. For the purposes of the
model the perioperative period was assumed to be equal to the length of stay in hospital
although it is acknowledged that recovery after surgery is likely to continue after discharge
from hospital. However, the significant health detriments and costs are most likely to occur
during this hospitalised period.

Length of stay in the study was estimated from one US costing study a retrospective study at
1 US hospital of 224 patients undergoing resection either as a staged or simultaneous
procedure between 1990 and 2012 (Ejaz 2014). The studied reported a median length of
stay of 7 days for the simultaneous approach and 13 days (total across both resections) for
the staged approach. These perioperative periods were applied to all patients in the model.

14 Resource use and costs
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Cost of resection and resection related complications

All resection costs were taken from NHS Reference Costs 2016/17 (Department of Health
2018). For the staged approach resection was best matched by the currency description
‘Complex Large Intestine Procedure’ for the colorectal resection and ‘Complex, Hepatobiliary
or Pancreatic Procedure’ performed on an inpatient basis. Both procedures reported differing
reference costs based on the number of clinical complications of the patient. As the model
structure modelled complications from surgery separately the cost of either was based on the
no complications (CC score 0-2) reference cost. The total costs of a staged approach was
equal to the two weighted mean costs combined.

As the model cohort did not exclude any patient based on comorbidities a weighted mean of
all costs reported were used for all currency descriptions with complications reported. This
weighted cost then had the no complications cost subtracted to estimate a cost of
complications. To avoid double counting of complications between the 2 resections a mean
cost of the estimated complications cost for both stages was applied in the model. Costs
were weighted based on the total number of full consultant episodes (FCE) reported in the
reference costs. ‘Complex Large Intestine Procedure’ reported reference costs for both
patients under and over 19 years of age. Given the 60 year average age used for the cohort
of the model only the over 19 year of age costs were included (Table 10).

In the staged approach arm of the model for patients who receive the first stage (colorectal
cancer resection) but do not proceed to the second stage their total cost of procedure will be
equal just the primary colorectal cancer resection cost.

Table 10: NHS reference costs used to estimate the cost of staged resection

Curren
cy FCE
Code Currency Description Weight Reference Costs

Primary colorectal cancer resection cost

FF31D Complex Large Intestine Procedures, 19 years £7,370.66
and over — with CC score 0-2 (no
complications)
90
FF31A  Complex Large Intestine Procedures, 19 years % £13,567.94

and over — with CC score 9+
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Curren
cy FCE
Code Currency Description Weight Reference Costs
199
FF31B  Complex Large Intestine Procedures, 19 years % £10,626.33
and over — with CC score 6-8
: 72%
FF31C  Complex Large Intestine Procedures, 19 years £8,810.93
and over — with CC score 3-5
Weighted
mean cost £9:967.27
Procedure
e £7,370.66
Complicat
o e £2,196.61
Liver metastases resection cost
GA04D Complex, Hepatobiliary or Pancreatic £8,599.49
Procedure - without complications-with CC
score 0-2 (no complications)
GA04C Complex, Hepatobiliary or Pancreatic £11,554.36
Procedure - without complications-with CC
score 3+
Procedure
e £8,599.49
Complicat
o e £2,954.87
Total
procedur £15,970.15
e cost
Average
complica £2,575.74
tion cost

FCE: full consultant episode; CC: clinical complications

To estimate the cost of the resections in the simultaneous approach it was not appropriate to
combine the 2 costs as undertaken for the staged approach. This is because both sets of
costs would include costs for pre-assessment, surgical preparation, anaesthesia, time in
surgical theatre and many other items that can be ‘shared’ between the 2 procedures by
combining them. This will lead to both reduced overall operating time and resource use.

No currency description was identified in the NHS Reference Costs which was applicable to
the simultaneous approach. To estimate the cost for the simultaneous approach the cost of
the staged approach was adjusted using data on total operative time and length of stay in
hospital. Abbott 2012, identified in the accompanying clinical evidence review, estimated that
total operating time in the simultaneous approach was 144 minutes shorter compared to the
staged approach. This was converted into a cost using estimates from Ramsay 2012.
Ramsey 2012 was a systematic review and economic model of laparoscopic and robotic
surgery for the removal of the prostate in individuals with prostate cancer. The economic
model estimated a cost per hour of operating time of £1,266. This was converted into a cost
for the 144 minutes difference and subtracted from the staged approach cost. Whilst removal
of a prostate is fundamentally a different type of surgical operation, the pay grade and
number of personnel in attendance and size of operating theatre would be almost identical
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between the 2 and it was the committee’s opinion that this was a reasonable estimate of
operating costs.

Length of stay in hospital also differed between the 2 arms of the model with simultaneous
approach resulting in 6 less days in hospital as discussed above. This reduced time in
hospital was again converted into a cost. This was done by using the excess bed day costs
for ‘Complex Large Intestine Procedures, 19 years and over’ again weighted against the
FCEs in the NHS Reference Costs. This mean cost was then multiplied by the reduction in
days and subtracted from the procedure cost for the staged approach. This was in addition to
the adjustment for operative time. The cost of complications was assumed to be identical to
that of the staged approach. Full details of how costs for the simultaneous approach were
calculated are presented in Table 11.

Table 11: Estimation of the cost of a simultaneous approach

Parameter Weight Input Source

Estimation of reduction in costs due to reduced hospitalisation

FF31A Complex Large Intestine Procedures, 19 years 6% £247.57 NHS Reference

and over — with CC score 9+ additional bed day Costs

FF31B Complex Large Intestine Procedures, 19 years  18% £298.73 NHS Reference

and over — with CC score 6-8 additional bed day Costs

FF31C Complex Large Intestine Procedures, 19 years 23% £354.04 NHS Reference

and over — with CC score 3-5 additional bed day Costs

FF31D Complex Large Intestine Procedures, 19 years 53% £326.78 NHS Reference

and over — with CC score 0-2 (no complications) Costs

additional bed day

Mean cost per day of hospitalisation £323.36 NHS Reference
Costs

Reduction in hospital length of stay simultaneous vs 6 days Ejaz 2014

staged

Total reduction in costs due to reduced

hospitalisation (A) £1,940.16

Estimation of reduction in costs due to reduced operating time

Cost per hour of operating time £1,265.90 Ramsey 2012

Reduction in operating time simultaneous vs staged 144 Abbott 2012
minutes

'tl;cr)ntzl(rBe)ductlon in costs due to reduced operating £3,038.16

Total reduction in costs of simultaneous vs staged

Total cost of procedure-staged approach £15,970.15

Combined reduction in cost simultaneous approach £4,978.32

(A+B)

Total cost of procedure-simultaneous approach £10,991.83

CC: clinical complications
Resource use and cost of further treatment

All patients who have disease recurrence will go on to receive further treatment or if not
appropriate palliative care. Of those patients with recurrent disease who go on to receive
further treatment three broad types of treatment were identified by the committee-hepatic
resection, extrahepatic resection and chemotherapy. Hepatic resection is an identical
surgical operation to the liver resection stage of the staged approach. It was assumed that
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given the post-surgical surveillance these patients would be under that any recurrence would
be identified reasonably quickly and that complications from any operation in this group
would be minimal. Extrahepatic resection is defined as where disease has recurred near to
but outside of the liver most commonly in the bile ducts. Chemotherapy was the treatment
choice for patients with recurrence in either the hepatic or extra-hepatic regions where this is
not amenable to treatment or to other parts of the body where surgery would not be
considered appropriate.

The proportion of patients going on to receive further treatment was taken from a UK cost
utility study comparing operable to non-operable treatments for liver metastases (Roberts
2015). The study was excluded from the economic evidence review as comparisons of
operable to non-operable treatments were outside of the scope of the protocol. The
proportion for each type of treatment was taken from one prospectively maintained database
of individuals undergoing surgery or chemotherapy for liver metastases at 1 UK hospital
between 1992 and 2001. Estimates of the proportion of patients undergoing each type of
further treatment are presented in Table 12.

Table 12: Estimate of proportions undergoing each type of treatment from Roberts

2015
Parameter Weight
Hepatic resection 21%
Extrahepatic resection 14%
Non-operable (chemotherapy) 64%

Costs for both hepatic and extrahepatic resection were again taken from NHS Reference
Costs. Hepatic resection was costed identically to the resection part of the staged approach
although the assumption was made, given the follow-up of these patients, that the recurrence
would be identified rapidly and the ‘Complex, Hepatobiliary or Pancreatic Procedure - without
complications-with CC score 0-2’ description and costs were assumed. Extrahepatic
resection was costed as ‘Complex Thoracic Procedures, 19 years and over’ and as for other
procedures in the model a weighted average of all CC scores was calculated based on FCEs
in an inpatient setting. The estimated costs for both approaches are presented in Table 13.

Table 13: Estimation of hepatic and extrahepatic resection costs

Curren

cy FCE

Code Currency Description Weight Reference Costs
Hepatic resection costs

GA04D Complex, Hepatobiliary or Pancreatic £8,599.49

Procedure - without complications-with CC
score 0-2 (no complications)

Extrahepatic resection costs

DZ02K Complex Thoracic Procedures, 19 years and 37% £6,522.66
over-with CC score 0-2

Dz02J  Complex Thoracic Procedures, 19 years and 39% £7,562.42
over-with CC score 3-5

DZ02H Complex Thoracic Procedures, 19 years and 24% £9,982.05

over-with CC score 6+

Weighted £7,757.61
mean
cost

FCE: full consultant episode; CC: clinical complications
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For disease recurrence, which was considered not amenable to resection, patients received
systemic chemotherapy treatment. Two chemotherapy regimens were used by the economic
model which were considered to cover the majority of chemotherapy received in the NHS for
this patient group following inoperable disease recurrence-FOLFOX and FOLFIRI. An annual
cost for each regimen was estimated based on committee estimates of the quantity of each
component and the number of cycles. Patients who had recurred disease and received
chemotherapy were assumed to continue receiving it annually until death and the cost was
applied for every 1 year model cycle. The resource use and quantity for the chemotherapy
regimens used in the study are presented in Table 14 . Prices were taken from the ‘Drug and
Pharmaceutical Electronic Market Information Tool’ (eMit) [Accessed March 2019] for all drug
components. Administration costs were taken from NHS Reference Costs 2016/17 using the
currency description ‘Deliver Complex Chemotherapy, including Prolonged Infusional
Treatment, at First Attendance’ on a day case and regular day/night basis. Given the costs
for both chemotherapy regimens were almost identical (less than £1 difference) no
differentiation was made between them in the model and a mean cost of the two regimens
was applied to all patients receiving chemotherapy following recurrence.

Table 14: Cost of chemotherapy treatment following recurrence

Component Cost Source
FOLFOX

Deliver complex chemotherapy at first £385.99 NHS Reference costs 2016/17
attendance

Dexamethasone 8mg £1.52 eMit
Ondansetron 16mg £0.17 eMit
Chlorphenamine 10mg £3.01 eMit
Oxaliplatin 85mg/m2 £16.04 eMit
Folinic Acid 350mg £10.42 eMit
Fluorouracil 400mg/m2 £3.94 eMit
Fluorouracil 2400mg/m2 £8.36 eMit
Cost per cycle £429.45

Total cost for 6 cycles £2,576.72

FOLFIRI

Deliver complex chemotherapy at first £385.99 NHS Reference costs 2016/17
attendance

Atropine 250mcg £0.12 eMit
Irinotecan 180mg/m2 £17.35 eMit
Folinic Acid 350mg £10.42 eMit
Fluorouracil 400mg/m2 £3.94 eMit
Fluorouracil 2400mg/m2 £8.36 eMit
Cost per cycle £426.18

Total cost for 6 cycles £2,557.09

Average cost of systemic £2,566.91

chemotherapy regimens
FOLFIRI: folinic acid, fluorouracil and irinotecan;, FOLFOX: folinic acid, fluorouracil and oxaliplatin

The committee also considered that cetuximab or panitumumab may be used for patients
whose disease recurs but is not amenable to further surgery. Cetuximab or panitumumab is
used in the NHS in conjunction with Cetuximab and panitumumab for previously untreated
metastatic colorectal cancer (TA439) alongside either the FOLFOX or FOLFIRI
chemotherapy regimens. This may either be given to shrink cancer tumours to allow surgery
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or to palliate. Resource impact tools for TA439 estimated that 65% of patients receiving
either FOLFIRI or FOLFOX for metastatic cancer would receive this alongside cetuximab or
panitumumab.

The list prices for cetuximab is £890.50 for a 100ml vial and panitumumab £1,517.16 per
20ml vial Both drugs are currently provided to the NHS, by the manufacturers, under the
terms of a confidential patient access scheme (for panitumumab) and commercial access
agreement (for cetuximab) and the cost to the NHS is likely to be significantly less than the
list price. It has not been possible to transparently include these costs in the economic
model. Therefore, costs for cetuximab and panitumumab were not included in the base-case
analysis. This does not imply that these costs will not be significant but that the access
agreements are priced so that the net benefit, assuming NICE’s threshold of £20,000 per
QALY gained is identical to society’s willingness to pay per QALY gained, then the addition
of either drug to FOLFIRI or FOLFOX will have no impact upon the incremental cost
effectiveness ratios or ultimately the decision around the preferred approach to resection. A
deterministic sensitivity analysis was also undertaken which used the list price for both drugs
to investigate if this would alter the preferred approach to resection. These 2 values were
considered to cover all plausible costs.

Cost of palliative care

Given the relatively short life expectancy of the model cohort and that the majority of patients
would die as a result of their disease a one off cost of palliative care was applied to the
entirety of the cohort during their final year of life. This is to represent the increase in
resource use experienced during the final months of a patient’s life. This one off cost was
taken from Georghiou 2014. The study used medical records of over 1,836 patients with
cancer at multiple UK hospitals and hospices to estimate resource use and publically
available UK costs to estimate a total cost for the final 90 days of life. An average cost for
patients with cancer was used from the report. These costs are presented in Table 15.

Table 15: Costs of palliative care for patients with cancer from Georghiou 2014

Type of care Cost
Cost of all hospital contacts £5,890
Local authority-funded care £444
District nursing care £588
GP contacts £365
Total palliative care cost per patient £7,287

The above costs includes ‘local authority-funded care’. The methods of calculation from the
original report may include costs, such as personal contributions to care, which are not
strictly covered by the NHS & PSS perspective used for this economic model. A deterministic
sensitivity analysis was therefore undertaken which removed this cost from the total palliative
care cost estimate.

33 Quality of life

34
35
36
37
38
39
40
41

Quality of life weights for the model were taken from previous cost-effectiveness study of
patients (identical in age to our cohort) with rectal cancer (Rao 2017). The Markov simulation
model compared radical surgery to a ‘watch and wait’ and wait approach. The model
estimated utility weights both following surgery and radiation (0.86) and following disease
recurrence (0.78) based on the authors clinical opinion, a previous Dutch study of resection
and a previous cost effectiveness study of treatment for recurrent rectal cancer (Miller 2000).
These represented the disease-free and disease recurrence groups in our model. These
utility weights were used to adjust overall survival and calculate QALYs. The committee
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1 considered that these utilities were probably an overestimate of the true utility of this cohort
2  given the morbidity from major surgery. The difference between disease-free and recurrent
3 disease was also considered too small with recurrent disease likely to lead to greater anxiety,
4  morbidity from further surgery or adverse events from chemotherapy or other treatment.
5 These values were therefore given a wide range during the PSA.
6  Ultility values for the peri-operative period was taken from an economic evaluation conducted
7  alongside the SANICS Il RCT investigating the use of perioperative enteral nutrition in
8  patients undergoing colorectal surgery (Pattamatta 2019). This was an RCT of 265 patients
9 at 3 large Dutch hospitals and 2 Danish hospitals. Participants in the study completed the
10  EuroQol 5 dimension 5 level (EQ-5D-5L) questionnaire and scored using the ‘Dutch tariff’
11 preferences elicited from the general population of the Netherlands. It was the committee’s
12  opinion that patients in this trial would have identical quality of life during the perioperative
13  period as for the patient group in the model cohort. As the study reported higher quality of life
14  for the perioperative stage then the disease-free state used in our model (0.89 versus 0.86) it
15  would not have been logical to include this value in our model and imply that quality of life is
16  greater during a patients stay in hospital then when they are disease-free. A QALY detriment
17  was therefore calculated for the perioperative period which was equal to the difference of the
18  highest and lowest reported utilities values, in the patient group, during the RCT. This was
19  the difference between presurgery and at 3 months post surgery where quality of life had
20  decreased by 0.06 points. The utility weight for the peri-operative period was therefore the
21  disease-free utility state (0.86) minus this difference. The utility weight used for peri-operative
22  period in the model was therefore 0.80.

23  Death was given a utility value of 0 in the model as is standard in economic evaluations.
24 Inflation

25  All costs in the model were converted and inflated to UK sterling 2017 prices, to match the
26  cost year from the NHS Reference Costs, using the IMF Purchasing Power Parities for
27  Healthcare and inflation indices reported by Curtis 2018 where necessary.

28 Discounting

29  All health and cost outcomes were discounted at a rate of 3.5% per annum in line with
30 developing NICE guidelines: the manual. This was not varied during sensitivity analyses.

31 Probabilistic sensitivity analysis

32  Probabilistic sensitivity analysis was also conducted to assess the combined parameter

33  uncertainty in the model. In this analysis, the values that are utilised in the base-case are

34  replaced with values drawn randomly from the distributions assigned to them. This was done
35 for 10,000 iterations and the different outcomes of these iterations presented both

36  diagrammatically (in the forms of a cost effectiveness plane and cost effectiveness

37  acceptability curve) and in terms of mean from these iterations to reflect the uncertainty

38 around the inputs and consequently the outcomes of the model. The distributions for all

39 parameters used during the probabilistic sensitivity analysis are presented in Table 16.

40 Table 16: Distributions used during the probabilistic sensitivity analysis

Value Source PSA Distribution
Demographics
Age 60 Mayo 2013 Fixed
Gender (Y%omale) 60% Mayo 2013 Beta(598,406)
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Value Source PSA Distribution
Overall survival
Staged resection 44.0% Clinical Evidence Beta(297,378)
Review
Simultaneous resection - HR 1.08 Clinical Evidence Log Normal(1.08,0.10)
Review
Disease-free survival
Staged resection 52.0% Clinical Evidence Beta(14,12)
Review
Simultaneous resection - HR 1.30 Clinical Evidence Log Normal(1.30,0.27)
Review

Cost and resource use

Proportion complications ‘Complex Large Intestines Procedures, 19 years and over

with CC Score 9+ (FF31A) 9% NHS Reference Costs Dirichlet
2016/17
with CC Score 6-8 (FF31B) 19% NHS Reference Costs Dirichlet
2016/17
with CC Score 3-5 (FF31C) 72% NHS Reference Costs Dirichlet
2016/17
Complex Large Intestine Procedures, 19 years and over - cost
with CC Score 9+ (FF31A) £13,567.9 NHS Reference Costs Gamma(13568,303)
4 2016/17
with CC Score 6-8 (FF31B) £10,626.3 NHS Reference Costs Gamma(10626,136)
3 2016/17
with CC Score 3-5 (FF31C) £8,810.93 NHS Reference Costs Gamma(8811,43)
2016/17
with CC Score 0-2 (FF31D) £7,370.66 NHS Reference Costs Gamma(7371,17)
2016/17
Complex, Hepatobiliary or Pancreatic Procedures - weight
Complex, Hepatobiliary or 30% NHS Reference Costs Dirichlet
Pancreatic Procedures, with CC 2016/17
Score 3+
Complex, Hepatobiliary or 70% NHS Reference Costs Dirichlet
Pancreatic Procedures, with CC 2016/17
Score 0-2

Complex, Hepatobiliary or Pancreatic Procedures - cost

Complex, Hepatobiliary or £11,5654.3 NHS Reference Costs Gamma(11554,170)
Pancreatic Procedures, with CC 6 2016/17

Score 3+

Complex, Hepatobiliary or £8,599.49 NHS Reference Costs Gamma(8599,79)
Pancreatic Procedures, with CC 2016/17

Score 0-2

Excess bed day (Complex Large Intestine Procedures, 19 years and over) - weight

with CC Score 9+ (FF31A) 6% NHS Reference Costs Dirichlet
2016/17
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Value
with CC Score 6-8 (FF31B) 18%
with CC Score 3-5 (FF31C) 23%
with CC Score 0-2 (FF31D) 53%

Source

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

PSA Distribution
Dirichlet

Dirichlet

Dirichlet

Excess bed day (Complex Large Intestine Procedures, 19 years and over) - cost

with CC Score 9+ (FF31A) £247.57
with CC Score 6-8 (FF31B) £298.73
with CC Score 3-5 (FF31C) £354.04
with CC Score 0-2 (FF31D) £326.78

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

Gamma(248,2)
Gamma(299,4)
Gamma(354,4)

Gamma(327,2)

Excess bed day (Complex, Hepatobiliary or Pancreatic Procedures) - weight

Complex, Hepatobiliary or 85%
Pancreatic Procedures, with CC

Score 3+

Complex, Hepatobiliary or 15%
Pancreatic Procedures, with CC
Score 0-2

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

Dirichlet

Dirichlet

Excess bed day (Complex, Hepatobiliary or Pancreatic Procedures) - cost

Complex, Hepatobiliary or £457.65
Pancreatic Procedures, with CC

Score 3+

Complex, Hepatobiliary or £535.27

Pancreatic Procedures, with CC
Score 0-2

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

Complex Thoracic Procedures, 19 years and over - weight

with CC Score 6+ (DZ02H) 24%
with CC Score 3-5 (DZ02J) 39%
with CC Score 0-2 (DZ02K) 37%

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

Complex Thoracic Procedures, 19 years and over - cost

with CC Score 6+ (DZ02H) £9,982.05
with CC Score 3-5 (DZ02J) £7,562.42
with CC Score 0-2 (DZ02K) £6,522.66
FOLFOX

Deliver complex chemotherapy  £385.99

at first attendance

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

NHS Reference Costs
2016/17

eMIT
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Gamma(458,10)

Gamma(535,15)

Dirichlet
Dirichlet

Dirichlet

Gamma(9982,30)
Gamma(7562,43)

Gamma(6523,32)

Gamma(386,0.45)
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Value Source PSA Distribution
Dexamethasone 8mg £1.52 eMIT Gamma(1.52,0.00)
Ondansetron 16mg £0.17 eMIT Gamma(0.17,0.00)
Chlorphenamine 10mg £3.01 eMIT Gamma(3.01,0.00)
Oxaliplatin 85mg/m2 £16.04 eMIT Gamma(16.04,0.30)
Folinic Acid 350mg £10.42 eMIT Gamma(10.42,0.04)
Fluorouracil 400mg/m2 £3.94 eMIT Gamma(3.94,0.00)
Fluorouracil 2400mg/m2 £8.36 eMIT Gamma(8.36,0.02)
FOLFIRI
Deliver complex chemotherapy  £385.99 eMIT Gamma(386,0.45)
at first attendance
Atropine 250mcg £0.12 eMIT Gamma(0.12,0.00)
Irinotecan 180mg/m2 £17.35 eMIT Gamma(17.35,0.02)
Folinic Acid 350mg £10.42 eMIT Gamma(10.42,0.04)
Fluorouracil 400mg/m2 £3.94 eMIT Gamma(3.94,0.00)
Fluorouracil 2400mg/m2 £8.36 eMIT Gamma(8.36,0.02)
Palliative care costs
Cost of all hospital contacts £5,890 Georghiou 2014 Uniform(2945,8835)
Local authority-funded care £444 Georghiou 2014 Uniform(222,666)
District nursing care £588 Georghiou 2014 Uniform(294,882)
GP contacts £365 Georghiou 2014 Uniform(183,548)
Quality of life weights
Event free or remission 0.86 Rao 2017 Beta(42,7)
Recurrence 0.78 Rao 2017 Beta(19,6)
Peri-operative period 0.80 Pattamatta 2019 Fixed

1 CC: clinical complications; FOLFIRI: folinic acid, fluorouracil and irinotecan;, FOLFOX: folinic acid, fluorouracil and

2 oxaliplatin; GP: general practitioner; PSA: probabilistic sensitivity analysis

3 Results
4 Base-case results

The base case results of the analysis are shown in Table 17. The results show an increase in
life expectancy of half a year with the simultaneous approach corresponding to a 0.28 QALY
increase compared to the staged approach. The simultaneous approach also led to reduction
in costs just below £2,500. In the base-case analysis the simultaneous approach dominated
(was both cost saving and health increasing).
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Table 17: Base-case results

Strategy Life Expectancy Cost QALYs ICER
(year) (cost per
Total Incremental Total Incremental Total Incremental QALY)

Staged 3.80 £31,749 - 3.22 - -

Simultaneous 4.30 0.51 £29,282 -£2,467 3.51 0.28 Dominant

ICER: incremental cost-effectiveness ratio; QALYS: quality-adjusted life years

When the unadjusted results of the accompanying clinical evidence review are used to
inform the economic model and adjustments for survival have not been made to account for
individuals who only received the first resection life expectancy is now higher in the staged
group with an associated higher QALY as well (Table 18). The simultaneous approach
remains cost saving (even more so given the larger number of liver resections in the staged
approach). If a £20,000 per QALY threshold is considered, in line with Developing NICE
guidelines: the manual, the reduction in costs would not justify the decrease in QALYs, that is
only £16,506 is saved for every QALY forgone.

Table 18: Results of the economic model using values reported in the accompanying
clinical evidence review

Strategy Life Expectancy Cost QALYs ICER
(year) (cost
Total Incremental Total Incremental Total Incremental Pé€r
QALY)
Staged 4.62 £33,942 - 3.79 - -
Simultaneous 4.30 0.51 £29,282 -£4,660 3.51 -0.28 £16,506

ICER: incremental cost-effectiveness ratio: QALYSs: quality-adjusted life years

The conclusions of both the base-case and alternative assumption remain when the list
prices of cetuximab and panitumumab are included and when local authority costs are
removed from the estimate of palliative care. As both of these assumptions are considered
the upper bound alternative to the base-case assumptions, and they did not alter the
conclusions of the model, intermediate estimate of these value are not presented. The
difference between both approaches for the percentage of the cohort receiving cetuximab or
panitumumab or palliative care was never greater than 3% and therefore even more extreme
assumptions would not alter these results unless unfeasibly large or small.

Table 19: Incremental costs effectiveness ratios from alternative assumptions
(simultaneous versus staged approach)

ICER (cost per QALY)
Cetuximab and panitumumab Local authority costs excluded
costs included
Base-case Simultaneous dominant Simultaneous dominant
assumptions
Clinical evidence £17,034t £16,532t
review
assumptions

ICER: incremental cost-effectiveness ratio; QALYSs: quality-adjusted life years
tFor both these ICERs the simultaneous approach both cost saving and health decreasing. Lower ICERs are
more favourable to the staged approach.
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1 Probabilistic Sensitivity Analysis

2 Base-case assumptions
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The results of 10,000 runs of the PSA are shown using ICER scatterplots and cost-
effectiveness acceptability curves (CEAC). The ICER scatter plots show the incremental
costs and QALYs associated with each of the 10,000 runs of the PSA along with the mean
result. The CEAC graphs show the probability of each strategy being considered cost-
effective at the various cost-effectiveness thresholds on the x axis.

Figure 24 presents the probabilistic results of the base case analysis. Of these 10,000
iterations over 75% of them are health improving (to the right of the Y-axis) and over 80% are
cost decreasing (below the X-axis) with the majority of iterations being both cost saving and
health increasing.

Figure 24: ICER scatterplot base case results

Incremental costs
£14,000

£9,000

Incremental QALYs
150 -1.00

+ CE pairs

»
»* -E£11,000 + Mean
CE Threshald

-E16,000
CE: cost effectiveness; ICER: incremental cost-effectiveness ratio; QALYSs: quality-adjusted life years

Figure 24 presents the CEAC for the base case results. The probability that the simultaneous
approach is the preferred option is 80% at a cost effectiveness ratio of £0 i.e. where the
cheapest option is preferred. At £20,000 threshold there is a 86% probability of the
simultaneous approach being the preferred option. This remains above 80% beyond values
above the £100,000 threshold. For no threshold does a staged approach become the
preferred option.
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1 Figure 25: Cost effectiveness acceptability curve base case results

100%

90%

80%

70%

60%
-==-Staged
50%

——Simultaneous
40%

Praobability cost-effective

30%
20%
10%

0%

£0

£10
£12
£14
£16
£18
£20
£22
£24
£26
£28
£30
£32
£34
£36
£38
£40
£42
£44
£48
£50
£52
£54
£58
£60
£62
£64
£66
£68
£70
£72
£74
£76
£78
£80
£82
£84
£86
£88
£90
£92
£94
£96
£98
£100,

2 Cost-effectiveness threshold

3 Clinical evidence review values results

When results from the clinical evidence review are used to inform the economic model there
is a greater degree of uncertainty around the results. (Figure 26) When these inputs are
considered a greater number of iterations show the simultaneous approach as cost saving
(94%) but with only 20% of iterations being health improving.
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1 Figure 26: ICER scatterplot clinical evidence review inputs
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4 CE: cost effectiveness; ICER: incremental cost-effectiveness ratio; QALYSs: quality-adjusted life years
5 The CEAC for this analysis shows uncertainty around the preferred option (Figure 27). At the
6 £20,000 threshold 42% showed the simultaneous approach to be cost effective although as
7  shown by the scatterplot the majority of these would also be health decreasing. As the
8 threshold increases the probability of the staged approach being the most cost effective
9  option also increases. The threshold at which the CEACs cross and we are indifferent
10  between the two options is £17,000 per QALY.
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Figure 27: Cost effectiveness acceptability curve clinical evidence review inputs
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Both versions of the model gave differing results. The base-case results, where survival in
the staged approach had been adjusted, showed the simultaneous approach as both health
improving and cost saving. This conclusions was robust to both probabilistic and
deterministic sensitivity analysis. The secondary analysis using survival estimates from the
accompanying clinical evidence review presented the simultaneous approach as health
decreasing and cost decreasing but not cost effective although the PSA highlighted
considerable uncertainty around this conclusion. Given the sensitivity of survival estimates to
the conclusions of the economic model and the biases with the observational data used to
inform the economic model it was difficult to form strong conclusions from either model.
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1 Appendix L — Research recommendations

2 Research recommendations for review question: What is the optimal combination
3 and sequence of treatments in patients presenting with metastatic colorectal
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