UNIVERSITY OF LEEDS

This is a repository copy of Prognosis of patients with peritoneal metastatic colorectal
cancer given systemic therapy: an analysis of individual patient data from prospective
randomised trials from the Analysis and Research in Cancers of the Digestive System
(ARCAD) database.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/139209/

Version: Accepted Version

Article:

Franko, J, Shi, Q, Meyers, JP et al. (17 more authors) (2016) Prognosis of patients with
peritoneal metastatic colorectal cancer given systemic therapy: an analysis of individual
patient data from prospective randomised trials from the Analysis and Research in
Cancers of the Digestive System (ARCAD) database. The Lancet Oncology, 17 (12). pp.
1709-1719. ISSN 1470-2045

https://doi.org/10.1016/S1470-2045(16)30500-9

© 2016 Elsevier Ltd. All rights reserved. Licensed under the Creative Commons
Attribution-Non Commercial No Derivatives 4.0 International License
(https://creativecommons.org/licenses/by-nc-nd/4.0/)

Reuse

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long
as you credit the authors, but you can’'t change the article in any way or use it commercially. More
information and the full terms of the licence here: https://creativecommons.org/licenses/

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

2016 Lancet ARCAD systemic therapy.docx

Prognosis of colorectal peritoneal metastases:

An analysis of 10,553 patientstreated

with systemic therapy in prospective randomized trials (ARCAD database)

Jan Franko, MD, Qian Shi, PhD, Jeffrey P. Meyers, Phipthy S Maughan, MD, Richard A. Adams,
Matthew T Seymour, MD, Leonard Saltz, MD, Cornelis JA PMid, Miriam Koopman, MD,Christophe
Tournigand, MD, Niall C. Tebbutt, MD, Eduardo Diaz-Rubio, MIBhn Sougklakos, MD, Alfredo
Falcone, MD, Benoist Chibaudel, MD, Volker Heinemann, MBseph Moen, PhD, Aimery De Gramont,

MD, Daniel J. Sargent, PhD, Axel Grothey, MD

Division of Surgical Oncology, Mercy Medical Center, Ddsines, I1A, USA; Division of Biomedical
Statistics and Informatics, Mayo Clinic, RochesteN,NUSA; CRUK/MRC Oxford Institute for Radiation
Oncology, Oxford, United KingdopCardiff University, Cardiff, UK Gastrointestinal Cancer Research
Unit, Cookridge Hospital, Leeds, Uklemory Sloan Kettering Cancer Center, New York, NY, USA
Department of Medical Oncology, Academic Medical Centeryéhsity of Amsterdam, Amsterdahe
NetherlandsUniversity Medical Center Utrecht, The Netherlandspital Henri Mondor, Creteil, France
Sydney Medical School, the University of Sydney, Ausdrddepartment Oncology; Hospital Clinico San
Carlos, Madrid, SpairJniversity of Crete, School of Medicine, Heraklion, Greddepartment of
Oncology, University of Pisa, Italypepartment of Medical Oncology, Franco-British Insgtutevallois-
Perret, Fraoe University of Munich, Department of Medical Oncology and @oehensive Cancer
Center, Munich, Germanepartment of Biostatistics, the University of lowa, o@ity, IA, USA
Department of Medical Oncology, Franco-British Insttutevallois-Perret, FrancBepartment of
Oncology, Mayo Clinic, Rochester, MN, USA

Corresponding author:

Jan Franko, MD, PhD

Division of Surgical Oncology, Mercy Medical Center
411 Laurel Street, Suite 2100

Des Moines, 1A 50314, USA

Tel: +1-515-247-3266

Fax: +1-515- 643-8688

Email: jan.franko@gmail.com



2016 Lancet ARCAD systemic therapy.docx

ABSTRACT

BACKGROUND: Patients with peritoneal metastases from colorectal cgme&RC) have
reduced overall survival (OS) compared to mCRC patientsowi peritoneal involvement. Here
we further investigated the impact of number and locationetastases among patients receiving

first-line systemic chemotherapy.

METHODS: Individual patient data were available on 10,553 patientslled onto 14irst-line

randomized trials. Stratified multivariable Cox modelsevesed.

FINDINGS: There were 9,178 (8%) patients with non-peritoneal mMCRC (4,385 with one
disease site, 4,798ith >2 disease sites), 194 (2%) patients with isolated pmCRC, and 1,181
(11%) with pmCRC and other organ involvement. These groups werlaisimage, race, and use
of targeted therapy. Patients with pmCRC compared te tivith non-pmCRC were more likely
to be female (41% vs. 36%, p<0.001), have colon primary tumors (8486%s.p<0.0001), and
have performance status 2 (10% vs. 6%, p<0.0001). Higher proportioutafe dBRAF was

seen among patients with peritoneal-only (8/44 cases with availatag18.2%) and pmCRC
with other disease sites (34/289, 11.8%), compared to patig¢htaavi-peritoneal mMCRC

(194/2230, 8.7%; p=0.038

Compared to patients with isolated pmCRC, patients withtisd non-peritoneal sites had
significantly better overall survival (Hg=0.75; Cl, 0.63-0.91, p=0.003) while patientish >2
non-peritoneal sites fared similarly (Hg=1.04; Cl 086-1.25, p=0.6% Patients with pmCRC and
one other disease site survived similarly to those withtsdlpmCRC (HR=1.10; CI 0.89-1.37
p=0.37), but those with pmCRC an#l additional disease sites had the shortest survival

(HRag=1.40; CI 1.14-1.71p=0.001).

INTERPRETATION: pmCRC patients have significantly worse survival thanelwagh other

isolated organ/site mMCRC. Among patients with multipl¢éastatic organs/sites, poorer survival
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is a function of both increased number of metastatic aitdgeritoneal involvement. The pattern
of metastasis and in particular, peritoneal involvement, rasytisognostic heterogeneity of

mCRC.

FUNDING: ARCAD Foundation.
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RESEARCH IN CONTEXT

Evidence before this study

Presence of peritoneal metastases/carcinomatosis from colorectal cancer (CRC) is associated
worsened overall survival. It has been unclear whether worsened survival is due to the increased
number of metastatic sites typically observed with peritoneal metastases or inherent feature of
peritoneal involvement. Mutated BRAF' is more common among patients with peritoneal
metastases, but it has been unknown whether BRAF™" drives worsened prognosis seen among

patients with peritoneal metastases.

Added value of this study

Peritoneal metastases from CRC are associated with significantly worse prognosis, whether found
as the only disease site, or in combination with other disease sites. Prognosis of patients with
peritoneum-only involvement is significantly worse as compared to those with liver-only or lung-
only metastases. Prognosis in mCRC is influenced both by number of disease sites and presence
of peritoneal involvement. These findings are largely stable even when analysis is limited to

BRAF wild-type mCRC cases.

Implications of all the available evidence

Diligent clinical investigation and recording of peritoneal involvement is necessary to accurately
prognosticate patients with mCRC. Stratification of mCRC patients according to number or
organs involved and presence of peritoneal metastases should be considered in future studies.

Further molecular characterization of mCRC and it metastatic patterns is necessary.
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INTRODUCTION

Peritoneal carcinomatosis represents malignant metastatid spoag the surface of specialized
coelomic epithelium of the peritoneal cavity. Progressigmeotoneal disease burden commonly
results in intestinal stenoses and dysmoaitility, thus producieglietated symptoms of early
satiety, diet intolerance, bloating, nausea and emesis. Culmination of this ‘carcinomatosis

syndrome’ is characterized by cachexia, loss of performance, and death.

Keen interest remains associated with prognosis and managensefdrectal peritoneal
carcinomatosis, herein further referred to as peritoneabktastas (pmCRC). We and others have
previously shown that pmCRC is associated with considerabiyesieol overall survival by 30-
40%™'3, although some retrospective studies have not identified meniggrognosié®. Increased
number of metastatic sites is a recognized negative prognagtc fima MCRC®’. Peritoneal
metastases are associated with increased number of nietsitta in mCRC patients.

Therefore, it is unclear whether worsened prognosis of pmCRéhzais due to its association
with more widespread metastases or an inherent featureGR@mAdditionally, relative
prognosis of patients with peritoneal-only involvement as compareattheo isolated disease sites

(e.g. liver-only) has been understudfed.

We utilized the ARCAD Foundation (Aide et Recherche en dogie Digestive) database of
pooled individual patient data from randomized studies oframbehcolorectal cancéto
investigate effect of peritoneal metastases on outcomes amdR@ paients treated on first-
line systemic chemotherapy trials. Our main objective wasnapare overall survival and
clinical characteristics of such patients with isolgie®CRC, non-isolatedggmCRCand mCRC

patients without peritoneal involvement.
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METHODS

We included individual patient data from first-line prospectwatrolled randomized phase |l
trials treating patients with metastatic colorectal cariiee ARCAD colorectal cancer databas
integrates individual patient-level data from a largeembibn of clinical trials for the purpose of
endpoint evaluation and development, as well as varietyoghpstic studiesNe considered
only trialswhich protocols explicitly pre-specified and solicited for pmréal involvement in the
trial data collection process or a formal peritoneum-focueegw of individual pre-treatment
scans was performed (CAIRO studies). Patients eerleded if disease sites were unknown.
The presence of ascites was not considered as evidence of peitwokyement for the purpose
of this analysis. For the purpose of this study we defined diséases anatomic organ or space,
i.e. liver, lung, distant lymph nodes, peritoneum, and others. Wetdase this term to describe
number of different metastatic foci in any disease $iberefore, a patient with one disease site

may have had one or more metastases in that site.

The primary outcome was overall survival (OS) defined as tiome fandomization to death due
to any cause. Progression-free survival (PFS), defindgchadrom randomization to first
documented progression or death due to any cause, whichevereddinst, was also analyzed.
The log-rank test, stratified by treatment-arm withialtiwas used to compare OS and PFS
among patients groups defined by presence of pmCRC and ottaatatie sites. The
distributions of survival outcomes were estimated by Kaplan-Mseieres. Stratified
multivariable Cox models were used to assess the prognostitatissscof pmCRC witlDS

and PFS, adjusting for other key clinical-pathological factage, gender, WHO performance
score, primary tumor location [colon vs. rectum], prieatment, and baseline body-mass index
[BMI]) . KRAS status was used to further stratify patients who redeind-EGFR therapy (i.e.,

cetuximab). Analyses were perfoedusing SAS version 9.2 (SAS Institute, Cary, NC) and R
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version 2.11 (http://www.r-project.org). Two-sided p-valuekes$ than 0.05 were considered to

be significant and were not adjusted for multiple comparisons.

Role of the funding source

ARCAD Foundation provided database and is credited witloitseption, development, data
collection from individual trials and database maintenaBtgly concept, design, data analysis
and interpretation, and manuscript writing was the respoitgibilthelead authors (JF, QS, AG,
DJS). Manuscript revisions and the decision to submit for publicatanthe responsibility of all

authors.

RESULTS

Fourteen first-line randomized trials (5 of which testeddted regimens, Table 1) in the

ARCAD database solicited data collection of peritoneahstasis and provided individual
patient data for total of 10,635 patients. Metastatis sitda were available on 10,553 patients
and 82 patients with absent disease site data were excNaiedargeted cytotoxic agents only
were used in 8,185 (77.6%) patients, and 1,568 (14.9%) and 9,8%%) (received anti-
angiogenic and anti-EGFR agents, respectively (237 of thesetpatenived both anti-
angiogenic and anti-EGFR targeted theraPyerall, 63% of the patients were male, the median
age was 64 year84% of the patients had ECOG performance status of 0-1, and 6&8%npzd

with a colon primary tumor; Table 2.

There were 9,178 (8%) patients with non-peritoneal mMCRC (4,385 with one diseasedsit@3
with >2 disease sites), and 1,375 patients with peritoneal metastases (Emsaiih isolated
pmCRC; and 1,181 with pmCRC plus another disease sit€éd)le 2 shows the distribution of
demographic and clinical factors by subgroups defined per pmCRSS.sthiese groups were
similar in age, race, and use of biologics. Compared tgedteneal MCRC, patients with

pmCRC were more likely to be female (41% vs. 36%, p<0.008l)chion primary tumors (84

-7-
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vs. 66%, p<0.0001), and an ECOG performance status 2 (10% vs. 6%, p<Q/0004y
patients with multiple metastatic sites, patients with pi@@®re less likely to have liver (74%
vs. 84%, p = <0.0001) or lung (31% vs. 62%, p < 0.0001) metastases tieatspaith non-

peritoneal mCRC.

Analysisof patientswith isolated disease site

We initially analyzed patients with isolated/one diseasecsily— i.e. peritoneal-only, liver-only,
and lung-only metastases (Figure 1 and TablP&jents with non-peritoneal metastases to a
single disease site exhibited better survival compared to witsperitoneal-only involvement
(liver-only metastases Hg=0.79, 95% CI 0.65-0.95, p=0.012; lung-only metastaseg#{r6],
95% CI 0.49-0.76, p<0.001; lymph node as the only disease sitgbIR3, 95% CI 0.58.92,
p=0.008). These differences were greater in patients whivedagytotoxic and targeted therapy
combination: liver-only metastases (KHR0.53, 95% CI 0.34-0.83, p=0.004), lung-only
metastases (H&=0.43, 95% CI 0.2®-.72, p=0.001) or lymph node as disease site,{HR 54
95% CI 0.32-0.91, p=0.02) compared to disease limited to peritoraastases. Patients with
isolated non-peritoneal sites had significantly better O apared to patients with isolated

pMCRC (HR4=0.75; Cl, 0.63-0.91, p=0.003).

Analysis of patientswith two disease sites

We further analyzed patients with two disease sites amglasted that with peritoneal-only
metastases. Overall survival of patients with pmCRC anddditional disease site (n=455) was
similar to patients with isolated pmCRC (KHR1.10; CI 089-1.37, p=0.37). This remained true
for patients with peritoneal and liver metastases (exactiyease sites, n=25RPIR.¢~=1.15; ClI
0.90-1.46, p=0.27), peritoneal and lung metastases (2 disease lyites-44 HR.3=0.82; CI
0.52-1.31, p=0.412). Patients with exactly two non-peritonealstissites had similar survival to

those with peritoneal-only involvement (n=3388R.4=0.99; Cl, 0.82-1.20, p=0.957). Similar
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trends were observed for PFS, although magnitude of differe/as smaller (Supplemental table

1),

Analysis of patients with >2 disease sites

Patientswith pmCRC and >2 additional disease sites (n=726) had the shortest survival
(HRag=1.40; CI 1.14-1.71p=0.011) when compared to those with disease in the peritoneum
only. Patientsvith >2 non-peritoneal sites had similar OS (BR1.04; CI 0.86-1.25, p=0.6%3
compared to those with mCRC involving peritoneum only; see &iguand Table 4A
combination of peritoneal and liver metastases with or withier alisease sites ¢ disease
sites,n=868 HR.¢=1.33, Cl 1.09t.63, p=0.004) was associated with poorer survival compared
with isolated pmCRCSubgroup analyses were performed for patients treatedsexally with
cytotoxic chemotherapy (HRB=1.43, 95% CI 1.5-1.78, p=0.00) and for those treated with at
least one targeted agent (&R0.96, 95% CI 0.60-1.53, p=0.870t shown in tables/figures)
Interestingly, the combination of peritoneal involvement withahepatic sites>@ disease site,
n=313 HRy;=1.13, Cl 0.89-1.42, p=0.31) was not associated with poorer suagv@mpared to

peritoneal disease only

Subanalysis of patientswith known KRAS and BRAF status

KRAS and BRAF status data were availableadimited number of patients. KRAS status was
equally distributed among patients with peritoneal-only (19 out ab4és with available data,
43.2%), pmCRC with other disease sites (144/308, 46.8%), arellitbsnon-peritoneal mMCRC
(1060/255141.6%; p=0.22). A significantly higher proportionBRAF mutations was observed
among patients with peritoneal-only (8 out of 44 cases withablaidata, 18.2%) and pmCRC
with other disease sites (34/289, 11.8%), compared to patiéhtaan-peritoneal mMCRC
(194/2230, 8.7%; p=0.028Because prior evidence established BRAF statas amportant
prognostic factor among mCRC patients, we performed exptgratalysis of overall survival

limited to those witrBRAF" (Table 5 and Supplemental Table 2). Similar adjusted haatiod

-9-
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were observed, although statistical significance was not\aiaséor peritoneal-only metastases,

likely due to small numbers of cases available for thizmsalysis.

DISCUSSION

The present study represents the largest analysis focusingvivakautcomes among patients
with colorectal peritoneal metastases treated in randortriaézl Our main goal asto assess
prognostic implication of peritoneal metastases as the ordggksmanifestation and contrast that
to other isolated disease sites and peritoimealvement in combination with other metastatic

sites.

Our major finding is that mMCRC patiswith peritoneal-only involvement have significantly
worse survival than those with other isolated site mCRg i@lated liver or lung metastases)
Patients with lung-only metastases fared best, while thosguaiittoneum-only mCRC fared

worst among patients with mCRC confined to one organ/disias@-igure 1).

Survival of mMCRC patients worsens as number of matastayans/sites increasesa well-
established findin§’. However, here we demonstrate that a combination wittopeit
involvement further worsens this prognosis. Therefore, poorer suarivahg mCRC patients
with multiple disease sites is a function of both increasscber of metastatic sites and
peritoneal involvement. This indicates prognostic heterogeneitiesigrihip (all current TNM
stage IVB; M-stage 1b). Analysis of progression free suryigsllelecthat of overall survival,

although the magnitude of difference was smaller.

Outcomes of individual mMCRC patients are highly variable. Mati disease site and possible
resectability are among the most important predictor$, euite possible among those with
completely resected liver or lung colorectal metasta$&sComplete resection of peritoneal
metastases may be achieved by peritoneal cytoreductive sufgeigatment often combined

with intraperitonealnd systemic chemotherapy. Resection of liver-only, lung-ongven

-10 -
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combined liver and lung metastases has been associatedhpitived survival in retrospective
studies, and is guideline-recommendéd’**? Resection of peritoneal metastases by
cytoreductive surgery, with or without intraperitoneal theraggains controversial. While
supported by a single prospective randomizedtriahda few retrospective studié&™, it lacks
broad acceptancé Reported overall survival of pmCRC patients can readbray as 62 months
if optimal cytoreduction is achieved and subsequent systehmimotherapys delivered*,
Therefore, in-depth knowledge of prognosis among mCRC patiefmigliffitrent metastatic
profile is important, so one can put it into perspectivé wiher therapies seeking wider

approval.

Systemic chemotherapy is active in pmCRE™. Unfortunately, survival of those patients is
markedly shorter (with HR around 1.4) as compared to thoseuwvigmeCRC, an observation

quite consistent among several studies of pooled randomized trt&and population studie§

20

Efficacy of individual agents or combinations in pmCRC hadren studied comprehensively
Improvements in overall survival were observed with exposure to magtatoxic agents,

irinotecan and oxaliplatih®®8%°

and added benefit was observed with the addition of targeted
agents’. We have refrained from a specific exploratory analysts@#ctivity of individual
agents, but noted an increased difference in outcomes Imehoaeperitoneal and peritoneal

cohorts with the use of biologic agents (Table 3 and 4).

What factors govern the poor prognosis of patients with pedtanetastases? While limited data
are available, plausible explanations may include poor tolearateemotherapy and under-
treatment, chemotherapy resistance, and steeper perforadeaiice- the later perhaps related to
cancer cachexia associated with carcinomatosis-relateel iggfunction Additionally, a degree
of treatment related resistance of peritoneal metastasehsaved both before and after

irinotecan/oxaliplatin introductiof'®?: However, under-treatment was not observed in a

-11 -
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secondary analysis of the CAIRO trials, where the numbieeafment cycles between patients
with and without peritoneal metastases was similat this time, we were unable to include

similar analysis in the present study.

While pmCRC is associated with worse performance statire éime of trial registration in this
and prior studie$?, subsequent performance decline among patients receiving mlitiplof
systemic chemotherapy is an understudied but well observed cligadiéy. Moreover, some
histological types of mMCRC (e.g. signet ring cell type) natrébute more to mortality
compared to other types. A large contemporary autopsy studBtsjemonstrated that signet
ring cell carcinoma has a very high propensity for peritoneghstases, and poor survival
despite benefits from chemotherdpy” We were unable to assess the contribution of specific
histological subtypes in the present study. Nevertheless, signeefirmgplonic carcinoma is rare

with incidence around 1%, and therefore unlikely to skew salriivcurrent study.

Molecular characterization of mMCRC has already some ingraptognosis and treatment
selection. MutanBRAF status is associated with markedly worsened prognosis in prigesstud
523 We and others have observed a significantly higher proportiBRAF™ cases among those
with peritoneal involvement Sensitivity analysis was therefore performed excludinigpist

with knownBRAF™ status and including only those with known wild-t@RAF. In this

analysis, peritoneal-only involvement BRAF" cancers did not show statistical difference in OS
as compared to other isolated mCRC sites, conceivably dhe small sample size for which
BRAF mutation data were availablEhere were only 36 peritoneal-only metastatic patients with
wild-type BRAF and the hazard ratio was nearly idehticghat in the whole group analysis
(1.33 versus 1.42, Table 4 and 5). Therefore, we inferBRRAF status may not be the main
driver of worsened prognosis associated with peritoneal rastsstin this contextav

acknowledge substantially limited availability of BRAF statuthis cohort- only about one

-12 -
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guarter of cases had data availablget there was some two thousand patients with known wild-

type BRAF status.

The present analysis differs in conclusion from that providetidynly prior study investigating
peritoneum-only metastatic involveménie observed that patient prognosis with peritoneal-
only metastases was similar to those with two non-peritorsed sk sites (both M1b stage),
while the other report suggested that peritoneal-only involvenaeries prognosis similar to
other isolated disease sites, and better as compared iplendisease sites. It is likely that
larger patient sample and better data collection in gbofeandomized trials are primby

responsible for better discrimination in our study.

Strengths of the present report are its large samplasizeuperior data quality. Individual
patient data were collected from prospective randomizedesttluht solicited for peritoneal
involvement (peritoneal involvement was specified in the on-studyatdliection form) or a
peritoneum-specific review of pretreatment scans was conditeskented multivariate analyses
are adjusted for multiple influential clinical factons;luding age, BMI, and performance status.
On the other hand we were unable to adjust for socioeconorhicfadegree of physical activity
and post-trial treatment, which all may significantlyeatfoverall survivaf**’. Peritoneal
metastases and their extent are notoriously difficult tactieteort of direct surgical observation.
Additionally, this study did not evaluate volume-related disbasden. Higher metastatic
volume burden is well-recognized negative predictive factor, both for liver-dnignd
peritoneum-only disease sité€®2° Furthermore, pmCRC patients included in prospective
randomized trials may not completely share the demograpdfitepof those found in the general
population, potentially limiting generalizability. Indeed, upamparison of randomized and
population studies there appears to be a proportional inclusion@RE patients in randomized
trials, but possible undegpresentation of MCRC with peritoneal-only metastases. The

proportion of patients with peritoneal-only metastases was 0n6l%.&% in prior pooled reports

-13-
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investigating pmCRC among participants in randomized thfal®n the other hand, around 5%
of patients with initial diagnosis of colorectal cancer have lmymous isolated pmCRE
representing some 24% with newly diagnosed mCRC. Among hiee lonitations, we have not

examined post-trial treatment, which may significantlgetfoverall survivaf*,

In conclusion, overall survival worsens with peritoneal metastasevell as with increasing
number of metastatic sites. Peritoneal-only metastasessa@adsd with significantly worse
survival as compared with other single organ/isolated disaas@GRC. Peritoneal metastases
are associated with worsened prognosis whether isolatedomipination with other metastatic
locations. Prognostic heterogeneity among M1b patients with matasirectal carcinoma is

significant.
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TABLES
Number of % of Patients First author and year
Study Accrual Period Treatment Comparisonst patients?® with pmCRC of initial publication
N016966 02/2004-02/2005 FOLFOX4 vs. FOLFOX4+BEV vs. XELOX vs. 1965 12.8 Saltz - 2008
XELOX+BEV
OPTIMOX1 01/2000-06/2002 FOFOLX4 vs. FOLFOX7->LV5FU2 612 6.05 Tournigand - 2006
OPTIMOX2 12/2002-06/2003 mEFOLFOX7->CFI->mFOLFOX7 vs. mFOLFOX7- 201 16.92 Andre - 2007
>LV5FU2->mFOLFOX7
Cc97-3 12/1997-12/1999 FOLFIRI->FOLFOX6 vs. 220 12.73 Tournigand - 2004
FOLFOX6->FOLFIRI
CAIRO 01/2003-12/2004 Cap+IRI->Cap+0Ox vs. Cap->IRI->Cap+0x 703 5.69 Koopman - 2007
CAIRO2 06/2005-12/2006 Cap+0x+Bev vs. Cap+Ox+Bev+Cetuximab (KRAS"") 578 4.82 Tol - 2009
vs. Cap+Ox+Bev+Cetuximab (KRAS™?')
COIN 03/2005-05/2008 5FU+0x vs. 5FU+0x (Intermit) vs. S5FU+0x + 2271 14.58 Maughan - 2011
Cetuximab (KRAS"") vs. L5FU+0x + Cetuximab
(KRAS™?®) vs.
CAPOX vs. BFU+0Ox (Intermit) vs. CAPOX+
Cetuximab (KRAS"") vs. CAPOX+ Cetuximab
(KRAS™®)
FOCUS 05/2000-12/2003 5FU->FOLFIRI vs. 5FU->FOLFOX vs. 5FU->IRI 2070 15.12 Seymour - 2007
vs. FOLFIRI vs. FOLFOX
FOCUS?2 01/2004-07/2006 FUFOL vs. FOLFOX vs. CAP vs. CAPOX 454 18.94 Seymour - 2011
03-TTD-01 04/2002-08/2004 FOLFOX vs. XELOX 338 3.84 Diaz-Rubio - 2007
AGITG MAX 07/2005-06/2007 CAP vs. CAP+BEV vs. CAP+BEV+Mitomycin 471 18.26 Tebbutt - 2010
HORG 99.30 10/2000-12/2004 FOLFIRI vs. FOLFOXIRI 282 25.53 Souglakos - 2006
GONO 11/2001-04/2005 FOLFIRI vs. FOLFOXIRI 242 14.46 Falcone - 2007
FIRE II 09/2004-12/2006 CAPIRI+Cetuximab (KRAS™Y) wvs. 146 10.27 Moosmann - 2011
CAPIRI+Cetuximab (KRAS"Y) vs.
CAPOX+Cetuximab (KRAS™Y) vs.
CAPOX+Cetuximab (KRAS"Y)

Table 1. Description of included trials and chemotherapy. FIDLFinfusional 5-fluorouracil, folinic acid and oxaliin. BEV— bevacizumab.
FUFOL -bolus 5-fluorouracil and folinic acid administered daily overonsecutive days and repeated every 28 days. FOLFIRIsianal 5-
fluorouracil, folinic acid and irinotecan. CAPOXcapecitabine and oxaliplatin. FOLFOXIRI - infusional 5-floiracil, folinic acid, oxaliplatin
and irinotecan. CAPIRI - capecitabine and irinotecan. CARpecitabine. pmCRC - colorectal peritoneal metastasesS'KRvild-type KRAS
KRAS™! - mutant KRAS.

*Treatment arms within trials were the stratification fagidhe Cox regression model. For the trails testing anfFEGgents, KRAS status was
used to further stratify patients who received anti-EGFR agent

$Total of 10,635 patients were included in these studiesl Bataset excluded 82 patients with missing data on métastes leaving 10,553 for

analysis.
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Solitary Non- Multiple Non-pmCRC
pmCRC with 21 pmCRC sites (1 sites (22 disease
pmCRC-only other sites disease site) sites) Total
N = 194 N = 1181 N = 4385 N = 4793 N = 10,553 p-value
Age, years 0.66"
N 194 1181 4384 4789 10548
Median 63.0 64.0 64.0 64.0 64.0
Range (22.0-84.0) (18.0-85.0) (18.0-86.0) (19.0-87.0) (18.0-87.0)
Missing 0 0 1 4 5
Gender, n (%) 0.0011°%
Female 89 (45.9%) 476 (40.4%) 1602 (36.6%) 1710 (35.7%) 3877 (36.8%)
Male 105 (54.1%) 701 (59.6%) 2778 (63.4%) 3079 (64.3%) 6663 (63.2%)
Missing 0 4 5 4 13
Primary site, n (%) <0.0001°%
Colon only 166 (86.0%) 950 (83.3%) 2782 (68.5%) 2821 (63.8%) 6719 (68.5%)
Rectum only 24 (12.4%) 172 (15.1%) 1187 (29.2%) 1530 (34.6%) 2913 (29.7%)
Both 3 (1.6%) 19 (1.7%) 91 (2.2%) 69 (1.6%) 182 (1.9%)
Missing 1 40 325 373 739
**Tumor Sidedness, n (%) <0.0001¢&
Distal colon only 26 (32.1%) 189 (33.0%) 596 (28.0%) 733 (27.0%) 1544 (28.1%)
Proximal colon only 31 (38.3%) 211 (36.9%) 344 (16.2%) 450 (16.6%) 1036 (18.9%)
Rectum only 24 (29.6%) 172 (30.1%) 1187 (55.8%) 1530 (56.4%) 2913 (53.0%)
Missing data 113 609 2258 2080 5060
Performance status, n (%) <0.0001°%
0 93 (47.9%) 489 (41.4%) 2396 (54.7%) 2357 (49.2%) 5335 (50.6%)
1 79 .7%) 577 (48.9%) 1762 (40.2%) 2130 (44.5%) 4548 (43.1%)
2 22 (11.3%) 114 (9.7%) 222 (5.1%) 299 (6.2%) 657 (6.2%)
Missing 0 1 5 7 13
BMI group, n (%) 0.0498°%
<20 14 (8.6%) 91 (8.5%) 294 (8.2%) 312 (7.1%) 711 (7.7%)
220 & <25 67 (41.4%) 453 (42.1%) 1414 (39.5%) 1689 (38.6%) 3623 (39.4%)
225 & <30 49 (30.2%) 377 (35.0%) 1314 (36.7%) 1626 (37.1%) 3366 (36.6%)
230 32 (19.8%) 155 (14.4%) 554 (15.5%) 752 (17.2%) 1493 (16.2%)
Missing 32 105 809 414 1360
Liver metastases, n (%) <0.0001¢&
Present 0 (0.0%) 868 (73.5%) 3179 (72.7%) 4040 (84.4%) 8087 (76.7%)
Absent 192 (100.0%) 313 (26.5%) 1196 (27.3%) 749 (15.6%) 2450 (23.3%)
Missing data 2 0 10 4 16
Lung metastases, n (%) <0.0001¢
Present 0 (0.0%) 361 (30.8%) 623 (14.4%) 2936 (61.7%) 3920 (37.5%)
Absent 190 (100.0%) 812 (69.2%) 3714 (85.6%) 1819 (38.3%) 6535 (62.5%)
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Missing data 4 8 48 38 98

KRAS Status, n (%) 0.0326¢
Mutant 19 (43.2%) 144 (46.8%) 421 (38.8%) 639 (43.6%) 1223 (42.1%)
Wild-type 25 (56.8%) 164 (53.2%) 663 (61.2%) 828 (56.4%) 1680 (57.9%)
Missing data 150 873 3301 3326 7650

*BRAF Status, n (%) 0.0652¢
Mutant 8 (18.2%) 34 (11.8%) 81 (8.8%) 113 (8.6%) 236 (9.2%)
Wild-type 36 (81.8%) 255 (88.2%) 836 (91.2%) 1200 (91.4%) 2327 (90.8%)
Missing data 150 892 3468 3480 7990

*Primary Tumor Resection

Status, n (%) 0.0030¢
Metachronous 6 (66.7%) 31 (36.0%) 279 (33.7%) 301 (36.8%) 617 (35.5%)
Synchronous Unresected 0 (0.0%) 10 (11.6%) 121 (14.6%) 162 (19.8%) 293 (16.8%)
Synchronous Resected 3 (33.3%) 45 (52.3%) 427 (51.6%) 355 (43.4%) 830 (47.7%)
Missing data 185 1095 3558 3975 8813

Table 2 Demographic and clinical characteristics of study populatiotidggase site. pmCRC - colorectal peritoneal metastases

#Kruskal-Wallis test for comparing four groug§hi-squared test for comparing four group&hi-squared test for comparing groups of patient

with pmCRC with>1 other site and multiple non-pmCRC sites;

*Only a small portion of patients with available data

tPatients with multiple locations were excluded.
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Median OS Adjusted?
[months] Hazard Ratio Adjusted? Hazard Ratio  Adjusted*
Events/Total (95% CIyf (95% CIy* P-value  Events/Total (95% Cly* P-value

All patients with isolated organ/disease site

Disease Sites <.0001* <.0001*
Liver-only 2269/3179 19.1 (18.3-19.8) 0.75 (0.63-0.88) 0.0004+ 1554/2240  0.79 (0.65-0.95)  0.0121+
Lung-only 391/623 24.6 (22.7-26.4) 0.53 (0.44-0.64) <.0001+ 277/450 0.61(0.49-0.76)  <.0001+
Peritoneal-only 159/193°% 16.3 (13.5-18.8) Reference -- 119/147 Reference --
Distant Lymph Nodes-only 281/405 19.4 (17.0-21.9) 0.69 (0.57-0.84) 0.0003+ 201/299 0.73(0.58-0.92)  0.0075+
Other Isolated Organ/Site 127/178 18.0 (14.4-20.5) 0.85 (0.67-1.07) 0.1707+ 95/131 0.95 (0.73-1.25) 0.7354+
Multiple Organs/Sites* 4757/5971 15.0 (14.6-15.3) 1.02 (0.87-1.20) 0.8058+ 3768/4816  1.09 (0.91-1.31)  0.3644+

All Arms with Only Cytotoxic Agents

Disease Sites <.0001# <.0001*
Liver-only 1907/2543 18.3(17.7-19.2) 0.78 (0.65-0.93) 0.0047+ 1196/1610  0.85(0.69-1.05)  0.1224+
Lung-only 332/511 23.8 (22.0-26.0) 0.55 (0.45-0.67) <.0001+ 219/339 0.65 (0.51-0.83)  0.0004+
Peritoneal-only 137/163 16.3 (12.9-19.2) Reference -- 98/118 Reference —
Distant Lymph Nodes-only 228/320 18.2 (16.5-21.3) 0.72 (0.58-0.89) 0.0025+ 149/216 0.77 (0.60-1.00)  0.0482+
Other Isolated Organ/Site 107/147 18.4 (13.6-20.7) 0.84 (0.65-1.08) 0.1705+ 75/100 0.95(0.70-1.29)  0.7623+
Multiple Organs/Sites* 3719/4498 14.5 (14.1-15.0) 1.04 (0.87-1.23) 0.6856+ 2744/3362 1.13(0.92-1.39) 0.2331+

All Arms with at Least One Targeted Agent

Disease Sites <.0001* <.0001*
Liver-only 362/636 22.2 (20.5-25.7) 0.58 (0.38-0.90) 0.0157+ 358/630  0.53(0.34-0.83)  0.0052+
Lung-only 59/112 27.4 (23.8-33.5) 0.42 (0.26-0.69) 0.0006+ 58/111 0.43(0.26-0.72)  0.0013+
Peritoneal-only 22/30 17.1 (13.0-22.1) Reference -- 21/29 Reference --
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Median OS Adjusted?
[months] Hazard Ratio Adjusted? Hazard Ratio  Adjusted*
Events/Total (95% CIyf (95% CIy* P-value  Events/Total (95% Cly* P-value
Distant Lymph Nodes-only 53/85 22.0(16.9-28.9) 0.55(0.33-0.92) 0.0213+ 52/83 0.54 (0.32-0.91) 0.0203+
Other Isolated Organ/Site 20/31 15.0 (14.4-34.8) 0.91 (0.49-1.68) 0.7601+ 20/31 0.89 (0.48-1.66) 0.7220+
Multiple Organs/Sites* 1038/1473 16.8 (15.9-17.6) 0.89 (0.58-1.36) 0.5882+ 1024/1454  0.83 (0.54-1.29) 0.4067+

TKaplan-Meier method; ¥*Cox model; *Likelihood-ratio test; *Wald Chi-Square test;
'Adjusted for gender, performance score, colon involved, rectum involved, prior chemotherapy, age, and BMI

Table 3. Unadjusted and adjusted prognostic overall survival diffeseamong patients with isolated organ or disease sitegary of multiple
organs/sites is provided for comparis@@mCRC - colorectal peritoneal metastases; OS - overall slir@V- confidence interval; NR - not
reached

"Reference is isolated non-peritoneal disease site (non-pm@RGne disease site only).

$One pmCRC-only patient was lost to follow-up, therefore onlyddints were available for survival analysis.

"Kaplan-Meier method:Cox modelLikelihood-ratio test*Wald Chi-Square test;

!Adjusted for gender, performance score, colon involved, reictuotved, prior chemotherapy, age, and BMI
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Adjusted?
Median OS [months] Hazard Ratio Adjusted? Hazard Ratio Adjusted?®
Events/Total (95% CIyf (95% CIy* P-value* Events/Total (95% Cly* P-value*
All Patients
Peritoneal Status <.0001* <.0001*
pmCRC-only 159/193° 16.3 (13.5-18.8) 1.42 (1.21-1.66) <.0001+ 119/147 1.33 (1.10-1.60) 0.0030+
pmCRC with 21 other site 999/1181 12.6 (12.0-13.1) 1.79 (1.67-1.93) <.0001+ 812/967 1.71 (1.57-1.86) <.0001+
Isolated non-pmCRC sites (1 disease site) 3068/4385 20.0 (19.4-20.6) Reference -- 2127/3120 Reference --
Multiple non-pmCRC (2 2 disease sites) 3758/4790 15.7 (15.2-16.3) 1.37 (1.30-1.44) <.0001+ 2956/3849 1.38(1.30-1.46) <.0001+
All Arms with Only Cytotoxic Agents
Peritoneal Status <.0001* <.0001*
pmCRC-only 137/163 16.3 (12.9-19.2) 1.36 (1.15-1.62) 0.0005* 98/118 1.24 (1.01-1.52) 0.0439*
pmCRC with 21 other site 815/936 12.3 (11.4-13.0) 1.76 (1.62-1.91) <.0001* 629/725 1.67 (1.52-1.83) <.0001*
Isolated non-pmCRC sites (1 disease site) 2574/3521 19.3 (18.5-20.0) Reference -- 1639/2265 Reference --
Multiple non-pmCRC (2 2 disease sites) 2904/3562 15.2 (14.7-15.8) 1.34 (1.27-1.41) <.0001* 2115/2637 1.33 (1.24-1.42) <.0001*
All Arms with at Least One Targeted Agent
Peritoneal Status <.0001* <.0001*
pmCRC-only 22/30 17.1 (13.0-22.1) 1.79 (1.16-2.76) 0.0083+ 21/29 1.92 (1.23-2.99) 0.0040+
pmCRC with 21 other site 184/245 13.2 (12.6-16.3) 1.96 (1.65-2.33) <.0001+ 183/242 1.88 (1.58-2.25) <.0001+
Isolated non-pmCRC site (1 disease site) 494/864 22.7 (21.6-25.7) Reference -- 488/855 Reference --
Multiple non-pmCRC (2 2 disease sites) 854/1228 17.2 (16.5-18.4) 1.52 (1.36-1.70) <.0001+ 841/1212 1.53 (1.37-1.72) <.0001+
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Table 4. Unadjusted and adjusted prognostic overall survival diffeseamong subgroups defined by pmCRC stptu€RC - colorectal
peritoneal metastases; OS - overall survival; CI - confiderneeval

"Reference is isolated non-peritoneal disease site (non-pm@RGne disease site only).

*One pmCRC-only patient was lost to follow-up, therefore onlyddints were available for survival analysis.

"Kaplan-Meier method:Cox model?Likelihood-ratio test*Wald Chi-Square test;

Adjusted for gender, performance score, colon involved, reirtuoived, prior chemotherapy, age, and BMI
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Events/Total
Peritoneal Status, BRAF wild-type only
pmCRC-only 30/36
pmCRC with 21 other site 228/255
Isolated non-pmCRC site (1 disease site) 642/836
Multiple non-pmCRC (= 2 disease sites) 1019/1200

Median OS
[months]

(95% CIyt

16.1 (13.1-21.7)
13.1 (12.3-16.1)
21.5 (20.1-22.7)

17.0 (16.4-18.0)

Hazard Ratio

(95% Cly

1.57 (1.08-2.27)
1.58 (1.36-1.84)
Reference

1.30 (1.18-1.44)

P-value*
<.0001*
0.0179+
<.0001+

<.0001+

Adjusted?

Adjusted? Hazard Ratio Adjusted?®

Events/Total = (95% CI)* P-value*
<.0001%
26/32 1.42 (0.96-2.11) 0.0827+
225/252 1.52 (1.30-1.78) <.0001+

627/816 Reference -

1011/1186 1.30(1.18-1.44) <.0001+

Table 5. Unadjusted and adjusted prognostic overall survival diffeseamong subgroups defined by pmCRC status among those with known
BRAF wild-type status. pmCRC - colorectal peritoneal metasta38 - overall survival; Cl - confidence interval

"Reference is isolated non-peritoneal disease site (non-pm@RGne disease site only).
"Kaplan-Meier method:Cox modelLikelihood-ratio test*Wald Chi-Square test;
!Adjusted for gender, performance score, colon involved, rectuotved, prior chemotherapy, age, and BMI
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Figure 1. Overall survival among mCRC patients with isdlaibetastatic disease site at the time

of trial enrollment. Median overall survival is provided in i
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Figure 2. Overall survival among mCRC patients with isdlgteritoneal metastatic disease site
at the time of trial enrollment as compared to other subgr@ipgesite involvement or >2

disease site). Median overall survival is provided in months.
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