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Mini-abstract

CoSMIC is a prospective cohort study evaluating pathway-specific outcomes in patients with colorectal
cancer and synchronous liver metastases treated by surgery and systemic chemotherapy with all three
modern surgical pathways utilised. There was no difference in critical care or in-patient stay between
pathways. Failure to complete pathway was seen most frequently in the liver-first group.

[word count 55].



Structured abstract

Objective

CoSMIC is the first prospective study evaluating pathway-specific outcomes in patients with colorectal
cancer and synchronous liver metastases treated by surgery and contemporary systemic chemotherapy
with all three modern surgical pathways being utilised.

Summary background data

Approximately one fifth of patients with colorectal cancer present with hepatic metastases. There are
limited prospective data on outcomes of surgery by synchronous, liver-first or bowel-first routes where

chemo(radio)therapy is integrated into management.

Methods

Between 1st April 2014 and 31st March 2017, 238 patients with colorectal cancer and synchronous liver
metastases were assessed. After exclusions, 125 patients constitute the study population. Data are
reported on pathway-specific outcomes including complications, treatment completion, overall and
disease-free survival. The study was registered with clinical trials.gov (NCT 02456285).

Results

There was no difference in age, body mass index, or Charlson score between surgical groups.
Neoadjuvant chemotherapy was used in 50 (40%) patients for a mean duration of 4.6 months (standard
deviation [SD] 5.4), and mean time from completion of chemotherapy to surgery was 2.6 months (SD
1.9). Complications were similar between patients completing the synchronous and staged pathways

(p = 0.66). Mean total inpatient stay was 16.5 days (SD 8.1) for staged surgery compared with 16.8
days (SD 10.3) for the synchronous group (t-test; p = 0.91). There was no difference in time to
treatment completion between pathways. Thirty six (35%) patients were disease-free at 12 months, with
no significant difference between groups (Chi-square, p = 0.448). Quality of life was similar in all

surgical groups.



Conclusion

Perioperative complications and oncological and healthcare occupancy outcomes are equivalent
between patients completing staged and synchronous pathways for the management of patients with
colorectal cancer and synchronous liver metastases. Future studies should focus on optimizing the

criteria for pathway selection, incorporation of cancer genomics data, and patient (user) preferences.



Introduction

Approximately one fifth of patients with colorectal cancer will present with metastases either
predominantly or exclusively in the liver.'23 Treatment typically comprises a combination of systemic
chemotherapy and surgery directed at removal of disease at both the primary and metastatic sites.45
For those presenting with resectable disease either confined to the liver or predominantly hepatic
metastases there are three surgical treatment pathways.'# These are synchronous liver and bowel
cancer resection during a single operative procedure or a staged approach either as bowel-first surgery
followed by liver resection or as a liver-first procedure followed by bowel cancer resection.t8 Systemic
chemotherapy is integrated with surgery with both the National Comprehensive Cancer Network
(NCCN) guidance and the European Society of Medical Oncology (ESMO) placing chemotherapy as a
proximal pathway treatment in patients with extensive or surgically “unfavourable” disease and surgery
being placed earlier in patients with resectable disease.®'0 Treatment has to balance patient-level
factors (co-morbidity, fitness and individual preference) with disease-related factors (symptoms from
primary tumour, resectability/risks of progression at either site and risk of systemic progression).0 Thus
individual case-management typically comprises a bespoke plan formulated at a multidisciplinary
tumour board.1"12

Evidence from prospective studies is very limited in this area. Recruitment can be difficult and
treatment pathways are complex. The recent METASYNC study took 9 years to accrue 105 patients
and as it was based on recruitment from 2006 onwards modern options of neoadjuvant chemo(radio)
therapy and the liver-first approach were not evaluated.® Current guidelines for management of
patients with colorectal cancer and synchronous liver metastases are based largely on retrospective
cohort data and systematic reviews.%10.14

This cohort study follows patients with colorectal cancer and liver metastases, from the pathway
inception point of case referral to a liver surgery multidisciplinary meeting (tumor board) and provides

details on pathway-specific complications and outcomes. CoSMIC is thought to be the first prospective



study directly comparing pathway-specific outcomes in patients with colorectal cancer and synchronous
liver metastases treated by a combination of surgery with contemporary systemic chemotherapy with all

three modern surgical pathways being utilized.



Methods

Design

The study protocol has been reported in detail previously. ' Information is reproduced here in sufficient
detail to permit appraisal of the study methodology. In overview, CoSMIC is a prospective inception
cohort study designed to evaluate the treatment pathways and outcomes of patients with colorectal
cancer and synchronous liver-predominant hepatic metastases. An inception cohort study is defined as
a study of a group of individuals assembled at a specific and typically early point in their disease
pathway. In the case of the CoSMIC study the inception point is that of referral to a multidisciplinary
hepatobiliary tumour board (MDT) for consideration for treatment of colorectal cancer with synchronous
liver metastases. The study is reported in compliance with the STROBE (strengthening the reporting of

observational studies in epidemiology) checklist.'® (Appendix 1 — online supplemental data).

Setting

The study was set in the regional specialist hepato-pancreato-biliary (HPB) cancer service of the
Manchester Royal Infirmary. This is a National Health Service (NHS) regional cancer network-approved
centre with a referral population of approximately three million people. Membership of the multi-
disciplinary team (MDT) comprised specialist liver surgeons, colorectal surgeons, thoracic surgeons,
radiologists, oncologists (including clinical and medical oncologists), histopathologists, cytopathologists

and cancer specialist nurses.

Participants

i) Definition of the term “synchronous hepatic metastases” for the purposes of this study.

The term synchronous disease was used if patients had liver metastases either at the point of
presentation or had these detected within three months of diagnosis of the primary tumour.

ii) Inclusion/exclusion criteria.



Detailed information on inclusion and exclusion criteria are provided in the published protocol.’™ Key
inclusion criteria were adults over 18 years of age, able to give informed consent, with a histological
diagnosis of colorectal cancer, no prior history of malignancy and with radiological evidence on either
contrast-enhanced CT (computed tomography) or contrast-enhanced MR (magnetic resonance) scan of
hepatic metastases at the time of diagnosis of the primary tumour or within 3 months thereof. Patients
had a World Health Organization (WHO) performance status of 0, 1 or 2 at enrolment and were
considered suitable for chemotherapy.'” Liver metastases were not biopsied prior to treatment and in
addition there was either CT and/or '8fluorodeoxyglucose positron emission tomography (['¢F] FDG-
PET) evidence of either the absence of extrahepatic metastases or the presence of only small-volume,
indeterminate pulmonary lesions.

Between 1st April 2014 and 31st March 2017, 3,084 patient discussions took place at the HPB MDT
(See CONSORT flowchart in Figure 1). Of these 599 were new referrals with colorectal hepatic
metastases. Two hundred and thirty eight (40%) were patients with colorectal cancer and synchronous

liver metastases. After exclusions, 125 patients constitute the final study population.

Data collection

Data were collected on treatment pathways, peri-operative outcomes, timelines for completion of
pathway, failure to complete pathway, survival and quality of life. There was a minimum of 12 months
outcome information for the entire cohort. Data on race and ethnicity are non-compulsory fields at

patient enrolment for clinical care and are therefore not recorded in the study protocol.

Outcomes

i) Overview of treatment pathways

Data are reported on treatment pathway including those patients who were referred for resection but did
not undergo surgery. Data are reported on types of surgery undertaken. For bowel surgery, information

was recorded on type of resection, laparoscopic or open access, use of primary anastomosis and stoma



rate. Liver surgery was categorized as major or minor resection, single or two-stage hepatectomy and
whether or not there was prior modification of the future liver remnant. Use of downsizing
chemotherapy, neoadjuvant chemo (radio) therapy, chemotherapy either between interventions or as
adjuvant treatment after liver and bowel resection was documented. Response to chemotherapy was
assessed by RECIST 1.1 criteria and categorised as complete, partial, stable response or evidence of

disease progression.18

ii) Peri-operative outcomes

Operative outcomes were categorized by the Dindo-Clavien system of assessment of post-operative
morbidity and mortality."® For bowel surgery, specific information was collected on anastomotic leak rate
and re-operation. The specific post-hepatectomy complications of haemorrhage, bile leak and liver
failure were recorded in compliance with the guidance of the International Study Group for Liver Surgery
(ISGLS).20-22. Chemotherapy-related morbidity and mortality were separately recorded.

For all pathways, information was collected on in-patient stay, level of care (ward-based or critical care).
Histopathological data were collected including information on complete (RO — no residual disease)

bowel resection and (RO) liver resection.

iii) Timelines for completion of the treatment pathway.
For the purposes of this study, this was defined as the amount of time in months from the initial

diagnostic CT to completion of adjuvant chemotherapy, or final surgery if no adjuvant chemotherapy.

iv) Failure to complete the treatment pathway.

For the purposes of this study, the treatment pathway was defined as the programme of surgery and
chemo(radio) therapy proscribed at index MDT. Failure was defined as drop-out prior to completion of

the allocated treatment sequence and was recorded as the time in months from enrolment.



v) Survival

Overall and disease-free survivals were calculated. Disease-free survival was defined as the absence
of tumour on a CT scan of the thorax, abdomen and pelvis undertaken at the completion of the pathway.
In the case of those patients with rectal tumours treated by a 'watch and wait* policy, the term disease-
free was only applied if there was a combination of radiological, endoscopic and clinical evidence of

absence of cancer. Disease progression at end of pathway was assessed by RECIST 1.1 criteria.

vi) Quality of life.

Quality of life was assessed using the EuroQol-5-domain, 5-level (EuroQoL-5D-5L) questionnaire and
the EORTC (European Organisation for research and treatment of cancer) Quality of Life Core
Questionnaire (QLQ C30) together with the EORTC colorectal liver cancer-specific quality of life
module (QLQ LM21).2324 Assessments were made prior to surgery and between 1 and 2 years after

surgery.

Acknowledged Sources of bias?®

i) Selection bias

Although Manchester Royal Infirmary is the only designated HPB MDT for the network, patients may
have been referred out of network. It is not possible to estimate the proportion of study-eligible patients
thus referred although it is thought that numbers were small. The inception cohort design means that
patients who had started their treatment pathway were excluded and this could result in preferential loss

of patients from a particular subgroup. It is also possible that differential interpretation of the clinical

10



significance of symptoms could preferentially lead to patients with synchronous disease suitable for

synchronous surgery presenting outwith the center undergoing bowel-first surgery.

ii) Detection bias

Inadequate baseline staging may have mis-classified patients with extra-hepatic metastases as having

liver-limited disease.

iii) Attrition bias

Patients referred for surgery but who were deemed to have unresectable disease at the MDT were

referred back to their base centres resulting in preferential loss of data for this group.

iv) Confounding

As this was an inception cohort study, outcomes may have been influenced by a range of factors in
addition to treatments provided. Examples include differential clinician preferences or differing clinical

competencies which may have confounded outcomes.

Study size
A formal power calculation is not provided for this inception cohort study. Instead, the sample size is
informed by the need to provide stable estimates of variance for a range of outcomes and explore the

relationship between the treatment pathway and health outcomes.

Statistical analyses

Summary characteristics of patients, treatment and outcomes were reported. Analyses were conducted
to a prospectively agreed analysis plan reported in the published protocol.!> Given the exploratory
nature of the analysis and multiplicity of comparisons, a hypothesis generating (rather than testing)

framework was applied, where statistical significance (arbitrarily at 5%) was viewed as a marker of

11



potential interest for further enquiry. Numeric comparisons between groups were compared using one-
way analysis of variance; categorical data comparisons used Fisher’s exact test. Exploratory analysis of
process and clinical outcomes was undertaken to explore the influence of treatment covariates using
appropriate regression methods. The primary aim was to contrast survival of patients according to the
sequence of care received using Kaplan-Meier survival functions and adjusted for prognostic co-
variants using Cox regression. Model building followed a forward stepwise process using variables from
patient demographic, primary tumour and liver metastatic characteristics and treatment. Variables were
initially identified individually by adding to a base model including age and gender; each model step was
tested for significance using the log-likelihood ratio (LLR) test. All analyses were performed in Stata

15.1 (StataCorp LLC, College Station, Texas, USA).

Ethics committee approvals

The study was approved by the NHS Research Ethics Committee North West (Greater Manchester

Central) (reference 14/NW/1397).

Study registration

The study was registered with ClinicalTrials.gov (NCT 02456285).
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Results

Overview of treatment pathways (Table 1)

i) Demographic profiles and staging information

With respect to sequence of surgery, there was no difference in age, body mass index or Charlson co-
morbidity score between groups. However, there was a significant difference in gender between groups
with more females in the no-surgery group. All patients underwent a staging CT, with 114 (91%) also
undergoing liver MR and 93 (75%) "FIFDG-PET.

ii) Details of patients not undergoing surgery

Patients referred to the MDT for consideration for resection but not undergoing surgery were older and
had a higher median Charlson co-morbidity score than those undergoing operative intervention. There
was a significant difference between groups in relation to size of largest liver metastasis with a mean
(sd) of 5.2 (4.3) cm in the group not undergoing surgery. Two patients whose liver metastatic disease
was deemed initially unresectable but were downsized to resectable disease following chemotherapy
were subsequently re-allocated into the bowel-first (n=1) and liver-first (n=1) groups respectively.

iii) Modes of presentation

One hundred and six patients (85%) presented with symptoms. All patients with Intestinal obstruction or
perforation underwent bowel-first surgery.

iv) Distribution of metastases

The median number of lesions did not differ between surgical pathway groups. Indeterminate thoracic
lesions were present in 14 (11%) with the mean size of the largest lesion being 0.5 (0.5 sd) cm.

v) Site of primary tumour and treatment pathway

Left colon tumours were most frequent (n= 69) and were principally allocated to bowel-first (n=44) or
synchronous (n=12) pathways. Of 22 patients with right-sided tumours 16 (73%) were allocated to

bowel-first surgery.
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Operative Pathway detail (Table 2).

i) Colorectal surgery

Of 18 Patients undergoing the liver-first approach, 10 (56%) came to bowel surgery as their second
resection. One patient (6%) had a complete response in the primary tumour allowing a watch and wait
policy. The liver-first route was the only pathway associated with this policy. Thus, failure to complete
pathway due to disease progression after liver resection was seen in 7 (39%) patients who followed the
liver-first pathway.

ii) Stoma use

Seventy patients underwent a resection with a primary bowel anastomosis, of whom 20 (29%) had a
defunctioning stoma. This was most frequently seen in patients undergoing the liver-first approach.

iii) Liver surgery

Forty patients underwent metastasectomy alone (minor liver resection) (Table 2). The most frequently
undertaken major resection was right hepatectomy in 28 (26% of patients undergoing hepatectomy).
Twelve patients underwent laparoscopic or laparoscopic-assisted hepatectomy with a conversion rate of
17%.

iv) Liver surgery in relation to bowel surgery.

The liver-first approach was utilised exclusively in patients with left-sided primary tumours. All
synchronous procedures were undertaken by open surgery. The most frequently undertaken liver
resection as part of a synchronous procedure was metastasectomy alone in 9 (56%) with 6 (40%)
undergoing major resections.

v) Use of chemo (radlio) therapy within pathways (Table 3)

Neoadjuvant chemotherapy was used in 50 (40% of cohort) for a mean (sd) duration of 4.6 (5.4)
months. Mean time from completion of chemotherapy to surgery was 2.6 (1.9) months. The median

(range) lines of chemotherapy at neoadjuvant stage was 1(1-2) with oxaliplatin being the most
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frequently used chemotherapy backbone drug. Forty nine patients receiving neoadjuvant chemotherapy
were re-staged prior to surgery with disease progression being found in 7.

Thirty seven patients had chemotherapy between stages for a median (range) duration of 5.1 (5.2)
months. Adjuvant chemotherapy after both surgical steps was used in 54 for a median (range) duration
of 5 (4.6) months. KRAS mutation status was tested in 83 patients with 37 having mutant KRAS. Sixty

patients were tested for NRAS, all of whom were wild type.

Peri-operative outcomes (Table 4).

i) Post-operative complications after bowel surgery.

There was a significant difference in the highest grade of reported complication between pathways with
more higher grade complications in the synchronous pathway. Complications after synchronous
surgery include those related to bowel and liver surgery.

ii) Anastomotic leak, re-operation and stoma use after colorectal surgery.

There was no difference in anastomotic leak rate, re-operation or stoma use between synchronous and
staged resections.

iii) Complications after liver surgery.

There were no deaths or returns to operating room following liver resection. Bile leak occurred in 9
patients with 3 requiring percutaneous drainage (Grade B).

iv) Synchronous compared to staged surgery.

There was no difference in critical care occupancy or in-patient hospital stay between the staged and
synchronous group when both stages of the staged approach are included. The mean total critical care
occupancy for staged resections was 5.6 (4.1) days compared to 5.2 (2.9) days for synchronous surgery
(t-test; P=0.92). Similarly, the mean total inpatient stay was 16.5 (8.1) days for staged surgery

compared to 16.8 (10.3) days for the synchronous group (t-test; P=0.91).
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v) Chemotherapy-related complications

There were no grade 3 complications from neoadjuvant chemotherapy. The five most frequent
complications in the 50 patients in the neoadjuvant group were peripheral sensory neuropathy in 26
(52%), diarrhoea in 21 (42%), oral mucositis in 20 (40%), constipation in 19 (38%) and nausea in 17
(34%). Constipation rates were significantly different between groups (Fisher’s exact test; P=0.004).
The same five complications were seen after chemotherapy between stages and also after

chemotherapy delivered with adjuvant intent.

Vi) Histopathology
RO bowel resection status was achieved in 90 (90% of 100 undergoing bowel resectional surgery) and
an RO liver resection was achieved in 62 (66% of 94 undergoing liver resection) with no significant

difference between groups for either organ.

Timelines for completion of the treatment pathway (Table 5)

There was no significant difference in the time taken to complete treatment between the three
pathways. Twenty-one (19% of patients starting surgical pathways) failed to complete. Failure to
complete pathway rate was greatest (7 [39%)]) for patients undergoing the liver-first approach (Chi-
square, P=0.041) with all being due to disease progression before the second stage. Thirteen patients
failed to complete the bowel-first pathway (1 patient progressed during neoadjuvant chemotherapy, 9
patients progressed between staged surgeries and 3 patients failed liver resection (non-therapeutic
laparotomy). One patient (6%) failed to complete the synchronous surgery pathway due to inoperable
disease at first laparotomy.

Fifty eight (54%) were disease-free at the end of the pathway with no significant difference between
groups (Chi-square, P=0.970). Thirty six (35%) were disease-free at 12 months with no significant

difference between groups (Chi-square, P=0.448)
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Survival Analysis

The Kaplan-Meier survival curve for the cohort is seen in Figure 2a and staged versus synchronous in
Figure 2b. A base case Cox regression model using age and gender as covariates showed
progressively lower survival for older patients and for patients of female sex. From a panel of
demographic, treatment and disease variables two covariates were identified which improved the base
model: the size of the largest liver lesion and the sequence of surgery. The sequence of surgery was
added to the base model resulting in an improved model (chi? (df=3) = 31.24, p<0.001). The largest liver
lesion size (as a continuous variable) was added to this expanded model but did not provide further
improvement (chi2 (df=1) = 1.09, p=0.2976). Thus, a simple model of age, gender and treatment
pathway provided the best model for the CoSMIC inception cohort (Appendix 2 in online supplemental
data). Survival is statistically similar between surgical groups, although absolute numbers are not large

enough to discern smaller differences.

Quality of life

The EuroQol (EQ-5D-5L) and EORTC Quiality of Life Core Questionnaire (QLQ C30) scores are shown
in Appendix 3 (online supplement). EORTC colorectal liver cancer-specific quality of life module (QLQ
LM21) scores are shown in Appendix 4 (online supplement). Complete quality of life questionnaires
were recorded for 61 patients prior to surgery and for 36 patients between 1 and 2 years after surgery.

Overall, quality of life scores were similar before and after surgery.
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DISCUSSION

CoSMIC is thought to be the first prospective study directly comparing pathway-specific outcomes in
patients with colorectal cancer and synchronous liver metastases, with all three surgical sequences
being available together with contemporary systemic chemo(radio)therapy and starting from the point of
referral for specialist liver surgery.

There are important study limitations. First, this was a small study population, albeit, by the nature of
potentially resectable liver metastatic colon cancer, a highly focused cohort, and, unlike other studies in
the literature, collected over a short period of time with consistent chemotherapy regimens. There is
therefore a relatively small number of patients undergoing liver-first and synchronous resections in this
homogenous patient group. Second, from an international perspective, the results reflect practice within
the UK’s NHS and it is acknowledged that tertiary liver surgery referral practices vary between
healthcare systems.26-29

The focus of much current controversy is on the management of patients with colorectal cancer and
potentially resectable liver metastases - this is the cohort of the CoSMIC study.30-33

Avoiding over-interpretation of these data, several points emerge. First, the study confirms that even in
this selected referral population, those who do not or cannot undergo surgery, typically because of a
combination of age, co-morbidity and tumor size have a less favourable outcome.

In terms of pathway, patients with obstructing or perforated cancers were preferentially treated by the
bowel-first pathway. The liver-first pathway was preferentially selected for patients with left-sided and
rectal tumours, in particular those undergoing chemoradiotherapy. All synchronous surgery was
undertaken by open surgery and was associated with a higher grade of peri-operative complications
compared to staged pathways but sub-group numbers are small. Although the liver-first pathway was
the only one associated with the option of avoidance of rectal surgery this pathway also carried the
highest rate of failure to progress to second stage surgery because of disease progression between

stages.
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A key finding of CoSMIC is that in oncologic and health-care occupancy terms equipoise exists between
all three pathways. This finding from a prospective dataset mirrors evidence gleaned from systematic
reviews and retrospective cohort data and suggests that in current practice there is neither a
requirement for nor a realistic prospect of clinician/patient support for randomized comparisons of
staged versus synchronous surgery as these options confer similar outcomes.34-3” CoSMIC does
suggest that the patient experience may vary between pathways and this requires further investigation,
together with assessment of the criteria for optimal pathway allocation.

The data from CoSMIC confirm that modern chemo(radio)therapy can be integrated into treatment
pathways. The practical delay between presentation and surgery for patients receiving neoadjuvant
chemotherapy was in the order of 6 months. If chemotherapy is used between stages, CoSMIC shows
the importance of formal re-staging prior to proceeding to second-stage surgery. Although there was no
difference in pathway times between groups, CoSMIC clearly demonstrates that current treatment
pathways are both complex and lengthy.38.39 The evidence for the liver-first approach in particular could
be further evaluated.40-42

This study pre-dates the clinical impact of the consensus molecular sub-types of colon cancer and the
increasing information base about the genetic heterogeneity of metastatic colon cancer.4346 Such
information is likely to fundamentally alter the management of this patient cohort. Current knowledge of
the mutational burden of colorectal cancer influences choice of chemotherapy but is yet to impact
meaningfully on surgical decision making.47-49

Better understanding of this cancer biology may influence a direction towards more systemic treatment,
even in patients with apparently ‘easy-to-resect’ liver metastases and primary tumours. The recently
reported RAPIDO study in patients with rectal cancer confirms that systemic chemotherapy delivered
prior to surgery confers benefit.50 The role of surgery remains important as shown by the survival

outcomes in patients undergoing resection.
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In conclusion, the CosMIC study has undertaken the first prospective cohort evaluation of pathway-
specific outcomes for patients with colorectal cancer and synchronous liver metastases. The findings
show that those who cannot undergo surgery have poorer outcomes. Of patients undergoing resection,
all three pathways produce similar outcomes although the liver-first approach was associated with the
highest rate of failure to complete stages. Better understanding of the genetic basis of metastatic colon
cancer and, equally importantly an appreciation of and consideration of the patient’s views on treatment

are likely to guide future management of this challenging clinical condition.
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Table 1: Patient demographics and details of disease distribution.

All Cohort Liver First Bowel First | Synchronous | No Surgery p-value
n 125 18 75 16 16
Patient Demographics

. 66.5 (30.8 - 65.9 (45.9 - 65.7 (30.8 - 69.3 (54.5 - 724 (44.1 -
Age, median (range) years 85.6) 84.1) 85.6) 80.6) 82.4) 0.351
Sex, male (%) 80 (64%) 12 (67%) 54 (72%) 8 (50%) 6 (38%) 0.042*
BMI, mean (SD), kg/m? 27.3(5.9) 26.2 (4.8) 27.2(54) 284 (7.2) 28.8(8.9) 0.419
Charlson Score (median) 9(6-14) 9(7-11) 9(6-12) 10 (8-11) 10 (7 - 14) 0.308
Presentation*
Asymptomatic Diagnosis 19 (15%) 1(6%) 11 (15%) 5(31%) 2 (12%)
Symptomatic Presentation 106 (85%) 17 (94%) 64 (85%) 11 (69%) 14 (88%)
Intestinal Obstruction 15 (12%) 0(0%) 15 (20%) 0(0%) 0(0%)
Perforation / Peritonitis 3 (2%) 0 (0%) 3 (4%) 0 (0%) 0 (0%)
Primary Colorectal Cancer Location*
Right Colon 22 (18%) 0(0%) 16 (21%) 4 (25%) 2 (12%)
Left Colon 69 (55%) 5 (28%) 44 (59%) 12 (75%) 8 (50%)
Rectum 34 (27%) 13 (72%) 15 (20%) 0(0%) 6 (38%)
Liver Metastases
Unilobar Distribution* 75 (60%) 10 (56%) 44 (59%) 10 (63%) 11 (69%) 0.089
Right (% of unilobar
dils,gtribEJt?on)E* ! 58 (77%) 10 (100%) 34 (77%) 8 (80%) 6 (55%)
Median (range) Number of ) i ) i i
Lesions 2(1-20) 2(1-7) 2(1-20) 1.5(1-11) 1.5(1-12) 0.428
(Ss'f_.)e) of Largest Lesion, cm 33(27) 32(20) 28(23) 37 (31) 52(43) | 0018*
Thoracic Metastases
:_”d‘?te”“'”a”t Thoracic 14 (11%) 4 (22%) 6 (8%) 4 (25%) 0 (0%) 0.039*
esions

Bilateral 11 (79%) 3 (75%) 5 (83%) 3 (75%) 0.039*
Number of Lesions, Median | 4y 4 0.50) | 12(1020) | 12(1020) | 20(1.050) 0.628
(range)
Size of largest lesion, cm (SD) 0.5(0.5) 0.4 (0.4) 0.8 (0.8) 0.5(0.5) 0.628




Table 2. Operative Details of Bowel Surgery

All Surgical

Patients Liver First Bowel First Synchronous

n 109 18 75 16
Right Colon Resection 27 (25%) 0 (0%) 22 (29%) 5(31%)
Left Colon Resection 10 (9%) 0 (0%) 7(9%) 3(19%)
Hartmann’s Procedure 14 (13%) 0 (0%) 10 (13%) 4 (25%)
Anterior Resection 39 (36%) 8 (44%) 28 (37%) 3(19%)
Abdominoperineal Resection 6 (6%) 2 (11%) 4 (5%) 0 (0%)
Subtotal Colectomy 3(3%) 0 (0%) 3 (4%) 0 (0%)
Local / Wedge Resection 1(1%) 0(0%) 0(0%) 1(6%)
No Surgery (Complete Response) 1(1%) 1(6%) 0(0%) 0(0%)
e om0 | e | v 0w
Modality*

Open 67 (67%) 6 (60%) 45 (61%) 16 (100%)

Laparoscopic 27 (27%) 4 (40%) 23 (31%) 0 (0%)

Laparoscopic assisted 2 (2%) 0 (0%) 2 (3%) 0 (0%)

Laparoscopic converted to Open 4 (4%) 0 (0%) 4 (5%) 0 (0%)
Primary Anastomosis, n (%)** 70 (88%) 6 (75%) 52 (87%) 12 (100%)
Defunctioning Stoma, n (%)t 20 (29%) 5 (83%) 11(21%) 4 (33%)
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Table 2 (continued). Operative Details of Liver Surgery

Ag;lilggi:al Liver First Bowel First Synchronous
n 109 18 75 16
Right Hepatectomy 28 (26%) 4 (22%) 22 (29%) 2 (13%)
Right Anterior Sectionectomy 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Right Posterior Sectionectomy 7 (6%) 2 (11%) 4 (5%) 1(6%)
Right Trisectionectomy 3(3%) 1(6%) 1(1%) 1(6%)
Left Trisectionectomy 3(3%) 1(6%) 2(3%) 0(0%)
Left Hepatectomy 4 (4%) 0(0%) 4 (5%) 0(0%)
Left Lateral Sectionectomy 7 (6%) 0 (0%) 5(7%) 2 (13%)
Isolated Caudate Resection 2 (2%) 1(6%) 1(1%) 0 (0%)
Metastasectomy alone. 40 (37%) 9 (50%) 22 (29%) 9 (56%)
e 0% | mew | o | aew | e
One Segment™ 14 (44%) 3 (43%) 8 (38%) 3(75%)
Two Segments** 10 (31%) 1(14%) 8 (38%) 1(25%)
Three Segments** 8 (25%) 3 (43%) 5 (24%) 0(0%)
Four or More Segments™* 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Inoperable at time of resection 3 (3%) 0 (0%) 2 (3%) 1(6%)
e e i wew | omw | wew | oww
No Surgery (Complete Response) 1(1%) 0 (0%) 1(1%) 0 (0%)
No Surgery (Radiofrequency Ablation) 1(1%) 0 (0%) 1(1%) 0 (0%)
Modalityt
Open 85 (88%) 18 (100%) 51 (81%) 16 (100%)
Laparoscopic 9 (9%) 0 (0%) 9 (14%) 0 (0%)
Laparoscopic assisted 1(1%) 0 (0%) 1(2%) 0 (0%)
Laparoscopic converted to Open 2 (2%) 0 (0%) 2 (3%) 0 (0%)
Major Resection (>3 segments)tt 54 (57%) 11(61%) 37 (61%) 6 (40%)
Planned Two-Stage Resection 3 (3%) 0 (0%) 2 (3%) 1(7%)
Preoperative Portal Vein Embolization 4 (4%) 1(6%) 2 (3%) 1(6%)
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Table 3. Chemo(radio)therapy Details

All Surgical

Patients Liver First Bowel First Synchronous
n 109 18 75 16
Neoadjuvant Long Course Chemoradiotherapy 11 7 4 0
Neoadjuvant Short Course Radiotherapy 9 2 7 0
Neoadjuvant Chemotherapy 50 16 28 6
Duration, mean months (SD) 4.6(5.4) 4.3 (5.8) 4.9 (5.8) 4.2 (2.5)
Time from finishing neoadjuvant chemotherapy to
Surgery. mean mgnths (SIJJ) Py 26(1.9) 3.1 (1.3) 24(2.4) 2.3(0.5)
Lines of Chemotherapy, median (range) 1(1-2) 1(1-1) 1(1-2) 1(1-2)
Single Agent 5-FU 7 3 4 0
Ir'MdG 17 6 10 1
OxMdG 28 7 16 5
+ Bevacizumab 2 1 1 0
+ Cetuximab 10 3 6 1
+ Panitumumab 2 0 1 1
Restaged (RECIST) prior to Surgery 49 16 27 6
Complete Response 1 0 1 0
Partial Response 32 10 18 4
Stable Disease 8 4 3 1
Progressive Disease 7 2 5 0
Chemotherapy between stages 37 6 31 -
Duration, mean months (SD) 5.1(5.2) 3.6 (4.2) 5.3 (5.4) -
Time from finishing chemotherapy to Stage 2
Surgery, mean mc?nths (SD) i ? 35(30) 2 35(31) )
Lines of Chemotherapy, median (range) 1(1-3) 1(1-2) 1(1-3) -
Single Agent 5-FU 6 2 4 -
Ir'MdG 11 3 8 -
OxMdG 25 2 23 -
+ Bevacizumab 1 0 1 -
+ Cetuximab 1 1 0 -
+ Panitumumab 1 0 1 -
+ Aflibercept 1 0 1 -
+ Raltitrexed 1 0 1 -
Restaged (RECIST) prior to 2nd Stage Surgery 46 11 35 -
Complete Response 3 1 2 -
Partial Response 11 0 11 -
Stable Disease 10 2 8 -
Progressive Disease 22 8 14 -
Adjuvant Chemotherapy 54 5 39 10
Adjuvant Chemotherapy Duration, months (range) 5.0 (4.6) 41(2.6 4.7 (5.0) 6.3 (3.7)
Lines of Chemotherapy, median (range) 1(1-2) 1(1-1 1(1-2) 1(1-1)
Single Agent 5-FU 19 1 16 2
Ir'MdG 12 1 7 4
OxMdG 27 4 17 6
+ Bevacizumab 2 0 2 0
+ Cetuximab 2 0 1 1
+ Aflibercept 1 0 1 0
+ Raltitrexed 2 0 1 1
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Table 4. Perioperative Outcomes

AIII)Sl_JrgicaI Liver First Bowel First Synchronous p-value
atients
n 109 18 75 16
Bowel Surgery Postoperative Outcomes

Postoperative Complications (CD) 0.003*

Grade | 50 (64%) 8 (89%) 38 (72%) 4 (25%)

Grade Il 20 (26%) 0 (0%) 12 (23%) 8 (50%)

Grade IlIA 5 (6%) 1(11%) 1(2%) 3(19%)

Grade IlIB 2 (3%) 0 (0%) 2 (4%) 0 (0%)

Grade IV 1(1%) 0 (0%) 0 (0%) 1(6%)

Grade V 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Anastomotic Leak Rate 2 (4.3%) 1(17%) 1(2%) 0 (0%) 0.990
Re-operation 3(3.4%) 0 (0%) 2 (3%) 1(6%)
Length of Critical Care Stay, days (SD) 2.8(3.7) 1.9 (1.6) 2.0(3.8) 52(2.9) <0.001*
Length of Hospital Stay, days (SD) 10.6 (7.9) 10.9 (7.5) 8.7(6.2) 16.8 (10.3) 0.002*
Readmission within 30 days 0(0%) 0 (0%) 0 (0%) 0 (0%) -
Bowel Resection Margin

RO 90 (90%) 8 (80%) 67 (91%) 15 (94%) 0.855

R1 9 (9%) 2 (20%) 6 (8%) 1(6%)

R2 1(1%) 0 (0%) 1(1%) 0 (0%)
Missing data 22 1 21 0

Liver Surgery / Synchronous Surgery Postoperative Outcomes

Postoperative Complications (CD) 0.003*

Grade | 53 (56%) 8 (47%) 42 (68%) 4 (25%)

Grade Il 28 (30%) 4 (24%) 16 (26%) 8 (50%)

Grade IlIA 11 (12%) 5 (29%) 3 (5%) 3 (19%)

Grade IlIB 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Grade IV 2 (2%) 0 (0%) 0 (0%) 1(6%)

Grade V 0 (0%) 0 (0%) 1(2%) 0 (0%)
Liver Failure 2 (2%) 1(6%) 1(2%) 0 (0%) 0.984
Bile Leak (ISGLS Grading) 0.802

Grade A 6 (7%) 0(0.0%) 5 (8%) 1(6%)

Grade B 3 (3%) 2 (12%) 1(2%) 0 (0%)

Grade C 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Re-operation 0 (0%) 0 (0%) 0 (0%) 1(6%)
Length of Critical Care Stay, days (SD) 3.9(23) 4.1(2.5) 34(1.9) 52(2.9) 0.061
Length of Hospital Stay, days (SD) 9.4 (6.8) 10.1 (5.9) 74 (45) 16.8 (10.3) 0.005*
Readmission within 30 days 0(0%) 0 (0%) 0 (0%) 0(0%) -
Liver Resection Margin

RO 62 (66%) 12 (67%) 39 (64%) 11(73%) 0.505*

R1 32 (34%) 6 (33%) 22 (36%) 4 (27%)
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Table 5: Pathway Completion.
AII!, Stl_Jrg:caI Liver First Bowel First | Synchronous
atients pvalue

n 109 18 75 16
In‘:f:::sazg"l‘)’;" Time, mean | 1353 ) 15.2 (8.9) 13.6 (8.9) 116 (4.8) 0535
Failed Pathway (%) 21 (19%) 7 (39%) 13 (17%) 1(6%) 0.041

Disease progression 0 0 0

botnoon aon 17 (81%) 7 (100%) 10 (77%)

érz:;gggible disease at first 1 (5%) 1(100%)

Inoperable disease at 0 0

second stage surgery 2(10%) 2(15%)

Failed two-stage liver 0 0

ey 1 (5%) 1(8%)
E;iﬁjvs;f(ﬂ;‘; atend of 58 (53%) 9 (50%) 40 (53%) 9 (56%) 0970
('?,fiease":’ee at12months | 55 350, 4 (22%) 27 (36%) 5 (31%) 0.448
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Figure 1. CoOSMIC CONSORT Diagram

Patients discussed at HPB MDT

April 2014 - March 2017

(n=3,084)
y
Screening Colorectal Liver Metastatic Disease
(n=599) Excluded (n = 361)
»| * Metachronous Disease (n = 288)
« Extrahepatic Disease  (n = 56)
 No Metastatic Disease (n=17)
Synchronous Colorectal Cancer with
Enrolment Liver-Limited Metastatic Disease
(Assessed for eligibility, n = 238) Excluded (n=113)
« Surgical treatment already started* (n = 18)
»1  Previous/concurrent malignancy (n = 14)
« Unfit for chemotherapy (n =7)
« Pre-existing neuropathy (n = 1)
v * No histological diagnosis (n = 1)
« Did not aftend clinic (n = 54)
CoSMIC Study Population « Did not consent for study (n = 5)
=1 « Missed recruitment (n = 13)
y y A
Bowel-First Surgery Liver-First Surgery Synchronous Surgery No Surgery
(n=75) (n=18) (n=16) (n=16)
. CoSMIC Study Population
Analysis (n=125)
* Patients who already started surgical
Y treatment (bowel resection) prior to being
Follow-up CoSMIC Study Population discussed at the HPB MDT were excluded from
(n=129) CoSMIC.
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Figure 2. Kaplan-Meier curve of overall survival by sequence of surgery

Survival by Sequence of Surgery

Survival Probability

Q0

Time (years)
Number at risk

Bowel First 75 66 42 7 0
Liver First 18 16 10 4 0
Synchronous 16 14 6 1 0
No Surgery 16 3 1 0 0

95% Cl 95% CI 95% Cl 95% CI
Bowel First — — — = Liver First ======-~- Synchronous —— —— No Surgery
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Figure 3. Kaplan-Meier curve of overall survival: staged vs synchronous Surgery

Survival: Staged vs Synchronous Surgery

Survival Probability

0 2 4 6 8

Time (years)
Number at risk

Staged 93 82 52 11 0
Synchronous 16 14 6 1 0
95% Cl 95% Cl

Staged Resection — — — — Synchronous Resection




Table and figure legends.
Table 1: Patient demographics and details of disease distribution.
BMI = Body Mass Index. *denominator for percentages refers to individual clinical pathway. Right = right

lobe disease**

Table 2: Operative details of bowel and liver surgery

In relation to bowel Surgery: Denominator for percentages refers to treatment pathway unless otherwise
stated. *Denominator refers to the number of patients who underwent surgery per pathway. **Primary
anastomosis as a percentage of patients who underwent a colorectal resection where an anastomosis
could have been formed. tDenominator as a percentage of patients who underwent a primary
anastomosis.

In relation to liver surgery: Segments refer to Couinaud’s segments. *Denominator refers to patients
who underwent an anatomical liver resection. ** Denominator refers to patients undergoing
metastasectomy in addition to anatomical liver resection.

tDenominator for percentages refers to the number of patients who underwent surgery per pathway
(including those that were inoperable at laparotomy). ttDenominator for percentages refers to patients

who underwent the intended resection.

Table 3 Chemo(radio) therapy details.

5-FU: 5-fluouracil. IrMdG: Irinotecan modified de Gramont. OxMdG: Oxaliplatin modified de Gramont.

RECIST: Response Evaluation Criteria in Solid Tumours.

Table 4: Peri-operative outcomes
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CD = Clavien-Dindo. ISGLS = International Study Group for Liver Surgery. Peri-operative complications
in the synchronous group are presented in relation to both bowel and liver surgery. For patients
undergoing synchronous surgery, critical care and in-patient stay are duplicated and seen in parallel to

each component of the staged procedures.

Table 5:Pathway completion

*Patients who failed the pathway were not included in the total pathway time.

Figure 1: CONSORT flowchart.

HPB MDT = Hepato-Pancreato-Biliary Multidisciplinary team meetings. Eighteen patients with an initial

diagnosis of colorectal cancer and synchronous liver metastases who had undergone surgery and/or

other treatments and were substantially along their treatment pathway were not recruited.

Figure 2a: Kaplan-Meier overall survival curve by sequence of surgery.

Figure 2b: Kaplan-Meier overall survival curve: staged versus synchronous surgery.

Legend for Appendix 2: Online supplemental data. Cox regression model for the CoSMIC cohort

HR, Hazard Ratio; SE, Standard Error; Cl 95% Confidence Interval; LL, Log Likelihood; LLR, Log

Likelihood Ratio; df, degrees of freedom
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Title and

abstract

INTRODUCTION
Background /

rationale

Objectives

Study design

Setting

Appendix 1 (online supplemental data) - STROBE Checklist

(a) CoSMIC: Colorectal Cancer and Synchronous Liver-Limited Metastases: An
Inception Cohort

(b) CoSMIC provides a first mixed method approach to study the process of care
and outcomes following synchronous or staged surgery in patients with colorectal
cancer and synchronous liver-limited metastases. CoSMIC found no significant
difference in survival according to treatment pathway, with the exception of the No
Surgery group who had a poorer survival consistent with more advanced disease
and comorbidity. In line with previous findings, the lack of survival difference for

the sequence of surgery suggests equipoise.

Colorectal cancer is the fourth most common cancer in the UK and contributes to
over 700,000 deaths worldwide per year. When first diagnosed, colorectal cancer
has already metastasized in 20% of patients to the liver and beyond (termed
‘synchronous’). In these patients, 5-year survival is less than 7%. For patients with
metastases limited to the liver, surgery and systemic chemotherapy can improve
5-year survival up to 25-40%. Conventional surgery removes the colorectal
primary first, followed by chemotherapy, and then resection of the liver
metastases. Advances in critical care and innovations such as colonic stenting
have allowed liver-first and simultaneous bowel and liver surgery to become viable
options. Currently, there is no conclusive evidence to show which approach is
optimum, and therefore no standardised clinical pathway.

To develop the current evidence base and understanding, the CoSMIC inception
cohort study has been designed to provide (for the first time) comparable outcome
data on patients with colorectal cancer with liver-limited metastatic disease treated
by synchronous or sequential surgery. Working to a prospective analysis plan, an
exploratory analysis of the data will be performed by applying a hypothesis
generating rather than hypothesis testing framework.

Inception cohort study

The study was set in the regional specialist hepato-pancreato-biliary (HPB) cancer
service of the Manchester Royal Infirmary in the North West of England, UK, with

a referral population of approximately three million people.
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Participants

Variables

6

Patients with colorectal cancer and synchronous liver-limited metastatic disease,

with the term ‘synchronous’ defined as patients diagnosed with liver metastases

either at the point of presentation or within three months of the primary diagnosis.

Inclusion criteria:

1.

(S

At least 18 years of age

Able to give informed consent

Have a histological diagnosis of colorectal cancer

No prior history of malignancy

Have radiological evidence either on contrast-enhanced CT or MR
scanning of hepatic metastatic disease at the time of diagnosis of the
primary tumour or within 3 months thereof. Liver biopsies should not be
taken to confirm the diagnosis due to the risk of tumour seeding

CT and/or ['8F]Fluorodeoxyglucose positron emission tomography /
computed tomography ([*®F]FDG PET/CT) evidence of the absence of
extrahepatic metastatic disease or only small, indeterminate pulmonary
nodules.

MR scan assessment of local stage in those patients with rectal primary
tumours

WHO performance status 0, 1 and 2 and considered by the MDT to be

suitable for surgery and systemic chemotherapy

Baseline staging investigations, predictors of treatment allocation, timelines for

completion of the treatment protocol, failure to complete treatment protocol, study

outcomes (disease-free survival, disease progression, resection margin status,

morbidity profiles, mortality, quality of life)
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Data sources /

measurement

Bias

Study size

Quantitative

variables

8

10

11

Case note review and questionnaires for quality of life. Comparisons made
between bowel-first, liver-first and synchronous resection groups. Data was
collected prospectively using study clinical case report forms. These were
anonymised for electronic storage and analysed prospectively during the study to
maximise data completion and resolve emergent problems in a timely fashion.
The principal source of data was the individual patient records. Vital status
beyond the duration of the study was determined through the Demographics
Batch Service of the NHS. Data were reported at the end of year 3 allowing for a
minimum 12 months outcome data in the entire cohort. It was also proposed
(contingent on separate funding) that information on outcome will be collected for
up to 10 years from study commencement, providing an informative survival
analysis of treatment options.

Selection, detection, attrition bias and confounding.

Based on clinical registers, the HPB unit at the MRI sees approximately 75
patients with colorectal cancer with synchronous liver-limited hepatic metastases
per annum. As there are no study-related interventions, recruitment rates were
predicted to be high and drop-out low and is estimated to provide 150 patients in
the two-year recruitment period. A formal power calculation was not performed for
this inception cohort study. Instead, the sample size was informed by the need to
provide stable estimates of variance for a range of outcomes; explore the
relationship between the treatment pathway and health outcomes; estimate
acceptability and recruitment rates; and describe patient and clinician
experiences.

The care of patients within the study pathway was characterised by their principal
treatment route as synchronous, liver-first or bowel-first. All patients with data
provided outcomes included within analyses, grouped according to the treatment
sequence received. Complication profiles in patients according to treatment
group were reported. Summary characteristics of patients, patient care provided,

and patient outcomes were reported.
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Statistical

methods

Participants

Descriptive data

Outcome data

Main results

Other analyses

Key results

12

13

15

16

17
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Analyses were conducted to a prospectively agreed analysis plan. Given the
exploratory nature of the analysis and multiplicity of comparisons, a hypothesis
generating (rather than testing) framework was applied, where statistical
significance (arbitrarily at 5%) was viewed as a marker of potential interest for
further enquiry. Exploratory analysis of process and clinical outcomes was
undertaken to explore the influence of patient, clinician, centre and treatment
covariates, using appropriate regression methods. The primary aim is to contrast
survival of patients according sequence of care received (Kaplan Meier, log rank
test) adjusting for prognostic co-variants (Cox regression). Model building followed
a prospectively agreed forward stepwise process.

125 patients in total; 75 patients (60.0%) underwent a bowel-first treatment
strategy, 18 patients (14.4%) underwent a liver-first approach, 16 patients (12.8%)
underwent a synchronous colorectal and liver resection and 16 patients (12.8%)
had no surgery.

Table 1: Patient demographics and details of disease distribution

Table 2:0perative details of bowel and liver surgery.

Table 3: Chemo(radio)therapy details.

Table 4: Peri-operative outcomes.

Table 5:Pathway completion.

Table 2: Operative details of bowel and liver surgery.

Table 3: Chemo (radio)therapy details.

Table 4: Peri-operative outcomes.

Table 5: Pathway completion.

Appendix 2:0nline supplemental data. Cox Regression model.
Appendix 3: Quality of life scores (EQ-5D-5L) and EORTC C30.
Appendix 4: Quality of life scores (colorectal liver metastasis specific — LM21).

Table 5: Pathway completion
Figure 2a: Survival curve by sequence of surgery

Figure 2b: Survival curve: staged versus synchronous surgery
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Interpretation

Generalisability

Funding
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By design, epidemiological deigns are vulnerable to a number of biases. First,
CoSMIC is a relatively small study population. Second, sources of bias include
referral bias, ascertainment bias and confounding bias. These biases are
acknowledged but it is emphasised that this study is not a report on the
management of all patients with stage IV colorectal cancer but rather the subset
with potentially resectable liver metastases. Completeness of data was
inconsistent for some variables limiting their exploration. With further opportunity
the impact of missing data on survival might have been explored with imputation
methods as complete data analysis makes strong assumptions. However, data
were complete for the principle model generated from the inception cohort.
CoSMIC confirms that those who do not or cannot undergo surgery, typically
because of a combination of age, co-morbidity and tumor size have less
favourable outcome. In terms of pathway, patients with obstructing or perforated
cancers were preferentially treated by the bowel-first pathway. The liver-first
pathway was selected for patients with left-sided and rectal tumours, in particular
those undergoing chemoradiotherapy, but has the highest failure to complete rate.
Oncologic and health-care occupancy terms equipoise exist over all three routes
in terms of cancer survival, suggesting that there is neither a requirement for nor
realistic prospect of clinician/patient support for randomized comparisons of
staged versus synchronous surgery for patients with colorectal cancer and
synchronous liver metastases as both options confer similar survival. Given the
equivalent oncologic outcomes the role and indications of the liver-first route
require reconsideration. The data show that chemotherapy can be integrated into
treatment pathways. The practical delay between presentation and surgery for
patients receiving necadjuvant chemotherapy was in the order of 6 months. If
chemotherapy is used between stages, these data show the importance for formal
re-staging prior to proceeding to surgery.

Concordance with published literature

This review was supported by a small grant from the Dickinson Trust.
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Appendix 2: Online supplemental data table: Cox regression model for the CoSMIC cohort.

Covariate HR SE z P>|z| Cl LL LLR df p
Age 1.031 | 0.015 2.10 0.036 | 1.002 1.061

Gender 1457 | 0471 1.16 0244 | 0.773 | 2.746

Surgery Sequence

Bowel-first -179.201 31240 3 <0.001
Liver-first 0.868 | 0.439 -0.28 | 0.780 | 0.322 | 2.338

Synchronous 1.395 | 0.664 0.70 0485 | 0.549 | 3.547

No Surgery 9.401 | 3.465 6.08 0.000 | 4.565 | 19.359
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Appendix 3 - Quality of life scores (EQ-5D-5L and EORTC C30 Core Questionnaire)

All Bowel-First Liver-First Staged Resection Synchronous Resection
No Surgery
Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery
n 61 36 36 27 8 2 4 29 1 7 6
EQ-5D-5L
Descriptive score 0.8 (+0.3) 0.8(+0.2) 0.8 (+0.3) 0.8(+0.2) 0.7 (+0.3) 05 (+0.6) 0.8 (+0.3) 0.8(+0.2) 0.8(+0.3) 0.7(+0.2) 0.6 (+0.1)
Visual analogue scale 742 (£21.7) 777 (£129) 742 (£203) 788 (+13.1) 804 (£9.5) 750 (+21.2) 753 (+18.8) 785 (+132) 734 (£148) 743 (+11.7) 55.0 (+24.3)
EORTC QLQ-C30 version 3.0
Global Health Status / QoL 717 (£239) 741 (£18.6) 71.3(+24.2) 775 (+18.0) 774 (£11.6) 66.7 (+35.4) 723 (£224) 76.7 (+18.8) 68.9 (£30.3) 63.1 (+13.5) 472 (+195)
Functional Scales
Physical functioning 845 (£17.6) 83.1(17.0) 84.3(£19.2) 85.7 (+14.3) 85.8 (+115) 533 (37.7) 845 (£17.9) 83.4(+17.6) 84.2(£16.9) 819 (£15.3) 467 (+219)
Role functioning 75.8 (£28.3) 76.4 (+29.4) 741 (£28.9) 79.0 (£29.1) 833 (+17.8) 58.3 (+£58.9) 75.8 (+27.2) 77.6 (+30.6) 75.8 (£33.6) 714 (£24.9) 472 (+16.4)
Emotional functioning 82.7 (+20.0) 833 (£22.0) 819 (+18.8) 87.0 (+18.4) 854 (+7.4) 50.0 (+35.4) 826 (+17.3) 845 (+212) 83.3(£29.3) 786 (£26.3) 68.1(+39.9)
Cognitive functioning 88.2(+18.6) 87.0(+204) 884 (+15.8) 920 (+9.7) 89.6 (+124) 50.0 (+47.1) 88.6(+15.2) 89.1(16.8) 86.4 (+29.6) 786 (+315) 75.0 (+23.0)
Social functioning 776 (£25.3) 745 (+25.0) 75.0 (£25.4) 76.5 (£25.8) 85.4 (+16.5) 50.0 (+23.6) 76.9 (+24.2) 747 (+26.2) 80.3 (+30.6) 738(+21.2) 472 (+22.2)
Symptom scales / items
Fatigue 28.7 (£24.7) 296 (+23.8) 299 (+25.2) 243 (£21.1) 27.8 (+8.4) 61.1 (£39.3) 295 (+23.0) 26.8 (+23.7) 253 (+31.9) 41.3(+22.0) 574 (+27.6)
Nausea and vomiting 6.1 (£13.7) 56 (+11.3) 6.9 (+14.6) 37(£71) 42(£7.7) 16.7 (+23.6) 6.4 (+136) 46(+88) 45(15.1) 95(+18.9) 8.3 (£13.9)
Pain 17.3(£255) 15.7 (£214) 15.7 (+214) 1.7 (£20.1) 104 (15.3) 33.3 (47.1) 14.8 (+204) 132 (£22.0) 27.3(+39.6) 26.2(+16.3) 139 (+12.5)
Dyspnoea 121 (£21.6) 16.7 (+24.6) 9.3(+17.1) 111 (£20.7) 125 (+17.3) 33.3(+47.1) 9.8(+17.0) 126 (+22.6) 21.2(+34.2) 333(+27.2) 222 (+27.2)
Insomnia 236 (£209) 269 (+28.5) 213 (+26.6) 210 (£24.7) 202 (+27.8) 66.7 (+47.1) 27 (£26.7) 24.1(£28.0) 27.3(+41.7) 38.1(30.0) 27.8(+32.8)
Appetite loss 18.2 (£28.6) 1(252) 18.5(+29.2) 74(£192) 125 (£17.3) 16.7 (£23.6) 174 (£27.4) 8.0 (£19.2) 212 (+34.2) 23.8(+41.8) 222 (+344)
Constipation 18.8 (£29.9) 9.3(+22.0) 13.0 (+26.8) 37(+10.7) 125 (+17.3) 0.0 (+0.0) 12.9 (£25.1) 34(+10.3) 424 (+36.8) 33.3(£38.5) 0.0 (+0.0)
Diarrhoea 10.9 (£22.3) 14.8 (£24.5) 74 (+14.1) 9.9 (+18.1) 208 (+35.4) 50.0 (+70.7) 9.8 (+19.8) 126 (£24.3) 15.2 (+31.1) 238(£25.2) 27.8 (+44.3)
Financial difficulties 16.4 (£24.7) 14.8 (£23.2) 18.5 (+27.0) 12.3(£229) 125 (17.3) 50.0 (+23.6) 174 (£25.4) 14.9 (£24.5) 121 (£225) 14.3 (£17.8) 333 (42.2)

Quality of Life measurements. Key: EQ-5D-5L, EuroQol 5 Domain, 5 level QoL questionnaire; EORTC QLQ C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core Questionnaire version 3.0; QLQ-LMC21, Quality of Life questionnaire

Colorectal liver cancer module.
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Appendix 4 - Quality of life scores (colorectal liver metastasis specific - LMC21)

All Bowel-First Liver-First Staged Resection Synchronous Resection No Surgery
Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery Pre-Surgery Post-Surgery
n 61 36 36 27 8 2 4 29 1 7 6
EORTC QLQ-C30 version 3.0
Colorectal liver cancer module: QLQ-LMC21
Nutritional problems 86.7 (+24.3) 884 (+17.3) 86.6 (+23.8) 895 (+16.1) 87.5(+194) 75.0 (+35.4) 86.7 (+22.9) 885 (+17.3) 86.4 (+30.6) 88.1(+18.5) 80.6 (+22.2)
Fatigue 66.3 (+28.0) 69.4 (+24.0) 65.7 (+29.0) 733 (£23.3) 66.7 (+8.4) 55.6 (+47.1) 65.9 (+26.4) 72.0 (+24.6) 67.7 (+35.3) 58.7 (+18.9) 333 (£314)
Pain 83.0 (+23.0) 809 (+18.9) 84.6 (+20.4) 827 (+19.6) 87.5(£125) 77.8(£15.7) 85.1(£19.2) 824 (+19.1) 747 (£34.5) 746 (£17.8) 87.0 (10.9)
Emotional problems 711 (£25.0) 69.7 (£27.3) 69.0 (+25.8) 725 (£25.2) 74.0 (£9.4) 37.5(£412) 69.9 (+237) 701 (£27.1) 75.8 (£30.8) 67.9 (£30.2) 5.7 (+20.7)
Weight loss 109 (£232) 120 (£21.3) 12,0 (£25.4) 74(+169) 8.3 (+154) 33.3(x47.1) 114 (£238) 9.2(19.7) 9.1(£21.6) 23.8(+25.2) 56 (+13.6)
Taste 164 (£31.3) 120 (£22.8) 13.9 (£29.1) 9.9 (£223) 25.0 (+38.8) 0.0 (0.0) 15.9 (+30.9) 9.2 (+21.6) 18.2 (+34.5) 23.8(+25.2) 222 (£17.2)
Dry mouth 21.8(+28.8) 213 (+26.6) 185 (+27.0) 222 (£27.7) 375 (+27.8) 16.7 (+23.6) 22,0 (£27.8) 21.8(x27.1) 212(£34.2) 19.0 (+26.2) 38.9 (+32.8)
Sore mouth / tongue 12.7(£26.8) 111 (£225) 130 (£26.8) 9.9 (£22.3) 16.7 (£25.2) 0.0 (+0.0) 136 (£26.2) 9.2 (£21.6) 9.1(£30.2) 19.0 (£26.2) 1.4 (£17.2)
Peripheral neuropathy 224 (£34.0) 25.0 (+34.2) 241 (+37.0) 259 (+33.8) 25.0 (+£34.5) 50.0 (+70.7) 242 (+36.2) 276 (+35.7) 152 (£22.9) 14.3 (+26.2) 16.7 (£27.9)
Jaundice 0.0 (+0.0) 0.0 (+0.0) 0.0 (+0.0) 0.0 (£0.0) 0.0 (£0.0) 0.0 (0.0) 0.0 (+0.0) 0.0 (+0.0) 0.0 (+0.0) 0.0 (£0.0) 56 (+13.6)
Contact with friends 152 (+26.3) 93(+17.1) 15.7 (+25.8) 86 (+14.9) 42(+118) 33.3(+47.1) 136 (+24.2) 10.3 (+18.0) 212(£34.2) 48(+126) 222 (£27.2)
Talking about feelings 6.7 (£21.7) 14.8 (£21.7) 74 (£212) 11.1 (£18.5) 0.0 (+0.0) 50.0 (£23.6) 6.1(£19.4) 13.8 (£20.9) 9.1(£30.2) 19.0 (£26.2) 22 (+344)
Sex 315 (+36.5) 287 (+36.6) 315 (+356) 272 (+35.8) 417 (£345) 50.0 (+70.7) 33.3(+35.2) 287 (+37.5) 242 (+42.4) 286 (+35.6) 61.1 (+44.3)

Quality of Life measurements. Key: EQ-5D-5L, EuroQol 5 Domain, 5 level QoL questionnaire; EORTC QLQ C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire Core Questionnaire version 3.0; QLQ-LMC21, Quality of Life questionnaire

Colorectal liver cancer module.
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