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IMPORTANCE Metastatic colorectal cancer (mCRC) is heterogeneous, and primary tumors Supplemental content
arising from different regions of the colon are clinically and molecularly distinct.
OBJECTIVE To examine the prognostic and predictive value of primary tumor location in
patients with RAS wild-type (wt) mCRC treated with first-line fluorouracil, leucovorin, and
irinotecan (FOLFIRI) plus cetuximab in the Cetuximab Combined With Irinotecan in First-line
Therapy for Metastatic Colorectal Cancer (CRYSTAL) trial and FOLFIRI Plus Cetuximab Versus
FOLFIRI Plus Bevacizumab as First-Line Treatment For Patients With Metastatic Colorectal
Cancer (FIRE-3) trial.

DESIGN, SETTING, AND PARTICIPANTS In this retrospective analysis patients with RAS wt
metastatic colorectal cancer from the CRYSTAL and FIRE-3 trials were classified as having
left-sided or right-sided mCRC, defined, respectively, as patients whose tumors originated in
the splenic flexure, descending colon, sigmoid colon, or rectum vs appendix, cecum,
ascending colon, hepatic flexure, or transverse colon.

MAIN OUTCOMES AND MEASURES Progression-free survival (PFS), overall survival (OS), and
objective response rate (ORR) were assessed according to tumor location and treatment arm.

RESULTS Inthe RAS wt populations of the CRYSTAL and FIRE-3 trials, patients with left-sided
tumors (n = 142 and n = 157, respectively) had markedly superior PFS, OS, and ORR compared
with patients with right-sided tumors (n = 33 and n = 38, respectively). Among CRYSTAL and
FIRE-3 study patients with RAS wt left-sided tumors, FOLFIRI plus cetuximab significantly
improved OS relative to the respective comparators (FOLFIRI and FOLFIRI plus
bevacizumab); in contrast, in RAS wt patients with poor-prognosis right-sided tumors, limited
efficacy benefits were observed upon the addition of cetuximab to FOLFIRI in CRYSTAL, and
comparable outcomes were observed between the FOLFIRI plus cetuximab and FOLFIRI plus
bevacizumab arms of FIRE-3. A significant interaction was observed between primary tumor
location and treatment for OS (CRYSTAL: hazard ratio [HR], 1.95; 95% Cl, 1.09-3.48 and
FIRE-3: HR, 0.40; 95% Cl, 0.23-0.70) within the RAS wt populations of both studies in
multivariable models that also included sex, prior adjuvant therapy, and BRAF mutational
status.

CONCLUSIONS AND RELEVANCE In the RAS wt populations of CRYSTAL and FIRE-3, patients
with left-sided tumors had a markedly better prognosis than those with right-sided tumors.
First-line FOLFIRI plus cetuximab clearly benefitted patients with left-sided tumors (vs
FOLFIRI or FOLFIRI plus bevacizumab, respectively), whereas patients with right-sided

tumors derived limited benefit from standard treatments. Author Affiliations: Author
affiliations are listed at the end of this

ticle.
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Relevance of Tumor Location in Patients With Colorectal Cancer

he randomized phase 3 Cetuximab Combined With

Irinotecan in First-line Therapy for Metastatic Colorec-

tal Cancer (CRYSTAL) study demonstrated that adding
the anti-epidermal growth factor receptor (EGFR) monoclo-
nal antibody cetuximab to infusional fluorouracil, leucovo-
rin, and irinotecan (FOLFIRI) significantly improved progres-
sion-free survival (PFS; the primary end point), overall survival
(0S), and objective response rate (ORR) in the first-line treat-
ment of patients with KRAS wild-type (wt) metastatic colo-
rectal cancer (mCRC). A subsequent analysis revealed that ex-
panded RAS testing (KRAS/NRAS, exons 2-4) resulted in even
more pronounced treatment effects.!

The FOLFIRI Plus Cetuximab Versus FOLFIRI Plus Beva-
cizumab as First-Line Treatment For Patients With Meta-
static Colorectal Cancer (FIRE-3) trial was arandomized phase
3 trial comparing first-line FOLFIRI plus cetuximab vs FOLFIRI
plus bevacizumab in patients with KRAS wt mCRC. Objective
response rate (the primary end point) and PFS were similar be-
tween treatment arms; however, OS was significantly im-
proved in cetuximab-treated patients. Preplanned evalua-
tion of expanded RAS status suggested an increased treatment
effect in terms of the cetuximab-conferred OS benefit.*

Further underscoring the notion that mCRC is a hetero-
geneous disease, primary tumors arising from different re-
gions of the colon are clinically and molecularly distinct. Left-
sided tumors (those originating in the splenic flexure,
descending colon, sigmoid colon, rectum, or one-third of the
transverse colon; referred to as “distal tumors” elsewhere) de-
rive from the embryonic hindgut; in contrast, right-sided tu-
mors (those originating in the appendix, cecum, ascending co-
lon, hepatic flexure, or two-thirds of the transverse colon;
alternatively termed “proximal tumors”) derive from the em-
bryonic midgut. As defined in the Methods, these fine em-
bryological distinctions regarding the origin of the transverse
colon cannot be fully taken into account in retrospective analy-
ses; we will nonetheless hereafter refer to patients as having
“left-sided mCRC” or “right-sided mCRC” for clarity.

Consistent with these differences in embryological ori-
gin, left-sided and right-sided tumors possess unique gene ex-
pression profiles. Notably, right-sided tumors are more fre-
quently characterized by a host of adverse prognostic factors,
including BRAF mutation positivity, microsatellite instability
(prognosticin stage IV disease), hypermutation, serrated path-
way signature positivity, and mucinous histology; con-
versely, left-sided tumors more frequently possess gene ex-
pression profiles characteristic of an EGFR inhibitor-
sensitive phenotype (ie, EGFR/ERBB2 [formerly HER2 or HER2/
neu] amplified, epiregulin high, and possessing classic
chromosomalinstability).>® These molecular differences mani-
fest as differential clinical behavior, with right-sided tumors
typically displaying worse prognosis.>’'® Nevertheless, pri-
mary tumor location has not traditionally been included as a
stratification criterion in clinical trials, and the influence of tu-
mor location on responsiveness to particular therapies re-
mains incompletely understood.

Ofinterest, a retrospective analysis of the NCIC CTG C0.17
trial*® recently reported that tumor location was predictive of
treatment benefit. In this population of chemotherapy-
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Key Points

Question What is the prognostic and predictive relevance of
primary tumor location in patients with RAS wild-type (wt)
metastatic colorectal cancer (mCRC)?

Findings In the RAS wt populations of the CRYSTAL and FIRE-3
trials, patients with left-sided tumors had a markedly better
prognosis than those with right-sided tumors. First-line
fluorouracil, leucovorin, and irinotecan (FOLFIRI) plus cetuximab
clearly benefitted patients with left-sided tumors (vs FOLFIRI or
FOLFIRI plus bevacizumab), whereas patients with right-sided
tumors derived limited benefit from standard treatments
(FOLFIRI, FOLFIRI plus bevacizumab, and FOLFIRI plus
cetuximab).

Meaning Primary tumor location should be included in the
stratification criteria for future trials in patients with mCRC,
particularly those involving epidermal growth factor receptor
inhibitors.

refractory patients with KRAS wt mCRC, adding cetuximab to
best supportive care significantly benefitted patients with left-
sided tumors, but had limited benefit in patients with right-
sided tumors; furthermore, a significant interaction was ob-
served between tumor location and treatment for PFS.
Similarly, Wang et al?° recently reported that adding cetux-
imab to first-line or second-line chemotherapy significantly im-
proved ORR, PFS, and OS in patients with left-sided mCRC, but
had limited benefit in patients with right-sided tumors. Fur-
thermore, it has been reported that the EGFR pathway is not
comparably activated in left-sided vs right-sided tumors, and
an EGFR inhibitor-sensitive phenotype appears to be more
prevalent in left-sided tumors, leading to the hypothesis that
EGFR inhibitors may exhibit differential activity based on pri-
mary tumor location.>%!

Prompted by these observations, we examined the poten-
tial prognostic and predictive value of primary tumor loca-
tion in patients with RAS wt mCRC treated with first-line
FOLFIRI plus cetuximab in 2 large international randomized
clinical trials (CRYSTAL and FIRE-3).

Methods

Study Design and Patients

The CRYSTAL and FIRE-3 study designs, treatment para-
meters, and eligibility criteria have been previously reported.*
Progression-free survival, as assessed by an independent re-
view committee, was the primary end point of CRYSTAL; the
primary end point of FIRE-3 was ORR. Both studies were ap-
proved by independent ethics committees for each trial cen-
ter and were carried out in accordance with the Declaration of
Helsinki. All patients provided informed consent prior to their
participation.

As part of CRYSTAL trial enrollment, information regard-
ing ethnic origin was collected from all study participants; this
information was captured by the investigator as defined in the
clinical study protocol in 2004. Options were prespecified in
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the case report form (Caucasian/white, black, Asian, His-
panic, or other). Since the FIRE-3 study was performed in Ger-
many and Austria, the assumption appears to be justified that
all or nearly all patients in FIRE-3 were white. In this manu-
script, ethnic origin is summarized as either white or non-
white. This information was of no relevance to this manu-
script as no respective analyses were performed.

Only patients with RAS wt (KRAS and NRAS, exons 2-4) tu-
mors were included in the present analysis.

Categorization of Primary Tumor Location

Primary tumors originating in the splenic flexure, descend-
ing colon, sigmoid colon, or rectum were classified as left-
sided mCRC. Primary tumors originating in the appendix,
cecum, ascending colon, hepatic flexure, or transverse
colon were classified as right-sided mCRC. If tumors in an
individual patient were sited in both left-sided and right-
sided locations and the origin could not be ascribed to
either side, the patient was excluded from the present
analysis and the patient was classified as having tumors of
indeterminate origin.

Statistical Analysis

This was not a pooled analysis: owing to the differing control
arms, data from the CRYSTAL and FIRE-3 trials were ana-
lyzed separately. Objective response rate was analyzed using
a logistic regression model, while PFS and OS analyses were
carried out by employing Cox regression models (univariable
and multivariable). For the multivariable regression models,
covariates included treatment and primary tumor location, as
well as their interaction term (an interaction term was in-
cluded only for treatment and primary tumor location; no other
interactions were tested), and the following baseline charac-
teristics: sex, prior adjuvant therapy, and BRAF mutational sta-
tus. All data was analyzed using SAS software (SAS Institute
Inc). Although these are post hoc analyses, Pless than 0.05 was
defined as indicative of notable differences and considered
significant.

. |
Results

Study Populations and Baseline Characteristics

Of CRYSTAL study patients with RAS wt mCRC, 280 (76%) had
left-sided tumors and 84 (23%) had right-sided tumors. The
remaining 1% of patients (n = 3) had tumors sited on both the
left and right sides whose origin could not be determined; these
patients were excluded from the present analysis (eFigure, A
in the Supplement).

In the final RAS wt population of FIRE-3 (n = 400), 306 RAS
wt patients had left-sided tumors (76.5%), 88 had right-sided
tumors (22%), and 6 had tumors whose origin could not be de-
termined (1.5%) (eFigure, B in the Supplement).

Several differences in baseline characteristics and subse-
quent therapy received were noted between the tumor loca-
tion subgroups within the RAS wt populations of CRYSTAL and
FIRE-3 (eTables 1 and 2 in the Supplement). Likely reflecting
the biological and prognostic differences known to exist be-
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tween left-sided and right-sided tumors, a higher proportion
of patients with right-sided tumors were women and had mul-
tiple metastatic sites; patients with left-sided tumors more fre-
quently had liver-only metastases.

Among CRYSTAL study patients with right-sided tumors,
there were multiple imbalances between treatment arms that
appeared to favor the FOLFIRI arm, including that patients
more frequently had Eastern Cooperative Oncology Group per-
formance status (ECOG PS) O, shorter index lesions, and less
frequently received prior adjuvant therapy. Furthermore, pa-
tients with right-sided tumors treated with FOLFIRI plus ce-
tuximab less frequently received subsequent follow-up therapy
compared with patients with right-sided tumors treated with
FOLFIRI. Importantly, however, baseline characteristics and
subsequent therapy received were relatively balanced be-
tween treatment arms among patients with left-sided tumors
(eTable 1in the Supplement).

Numerical differences in several baseline characteristics
and subsequent therapy received were also apparent be-
tween treatment arms in the tumor location subgroups of the
FIRE-3 RAS wt population. Among patients with right-sided
tumors, ECOG PS O was more frequent in the FOLFIRI plus be-
vacizumab arm, whereas patients treated with FOLFIRI plus
cetuximab more frequently did not receive subsequent fol-
low-up therapy. Baseline characteristics and subsequent
therapy received were relatively balanced between treat-
ment arms among patients with left-sided tumors (eTable 2 in
the Supplement).

Relevant Prognostic Value of Primary Tumor Location

Data concerning the potential prognostic value of primary tu-
mor location in CRYSTAL and FIRE-3 study patients with RAS
wt mCRC are summarized in Table 1.

Progression-free survival, OS, and ORR were signifi-
cantly greater in left-sided vs right-sided tumors among RAS
wt CRYSTAL study patients treated with FOLFIRI plus cetux-
imab. Furthermore, median PFS, median OS, and ORR were
numerically superior in FOLFIRI-treated CRYSTAL study pa-
tients with left-sided tumors compared with patients with
right-sided tumors.

Similarly, among FOLFIRI plus cetuximab-treated RAS wt
FIRE-3 study patients, those with left-sided tumors had su-
perior investigator-assessed ORR, PFS, and OS, relative to pa-
tients with right-sided tumors receiving FOLFIRI plus cetux-
imab. Although less pronounced, this effect was also observed
in the FOLFIRI plus bevacizumab treatment arm of FIRE-3 for
ORR, PFS, and OS.

Relevant Predictive Value of Primary Tumor Location
Of interest, primary tumor location was associated with dif-
ferential treatment effects in CRYSTAL and FIRE-3 study pa-
tients with RAS wt mCRC (Figure 1 and Figure 2 and Table 2).
Among CRYSTAL study patients with RAS wt left-sided tu-
mors, the addition of cetuximab to FOLFIRI significantly im-
proved PFS, OS, and ORR, as expected based on the overall find-
ingsin the RAS wt population of the CRYSTAL study.> However,
although cautious interpretation of these data is required due
to small sample sizes, limited benefit in terms of PFS, OS, and
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Table 1. Efficacy Results for RAS Wild-Type CRYSTAL and FIRE-3 Study Patients, Stratified Based on Treatment Arm

CRYSTAL FIRE-3
FOLFIRI + Cetuximab FOLFIRI FOLFIRI + Cetuximab FOLFIRI + Bevacizumab
Right-Sided Left-Sided  Right-Sided Left-Sided  Right-Sided Left-Sided  Right-Sided Left-Sided
Tumors Tumors Tumors Tumors Tumors Tumors Tumors Tumors
Parameter (n=33) (n=142) (n=51) (n=138) (n=38) (n=157) (n=50) (n = 149)
ORR
Rate, % 42.4 72.5 333 40.6 52.6 68.8 50.0 61.7
0dds ratio (95% Cl) 3.55(1.63-7.75) 1.39 (0.70-2.76) 1.98 (0.97-4.08) 1.61 (0.85-3.08)
P value <.001 .34 .09 .18
PFS
Median, mo 8.1 12.0 7.1 8.9 7.6 10.7 9.0 10.7
HR (95% Cl) 1.77 (1.08-2.91) 1.54 (0.96-2.46) 2.00 (1.36-2.93) 1.38 (0.99-1.94)
P value .02 .07 <.001 .06
0s
Median, mo 18.5 28.7 15.0 21.7 18.3 38.3 23.0 28.0
HR (95% Cl) 1.93 (1.24-2.99) 1.35(0.93-1.97) 2.84 (1.86-4.33) 1.48 (1.02-2.16)
P value .003 11 <.001 .04

Abbreviations: FOLFIRI, fluorouracil, leucovorin, and irinotecan; HR, hazard ratio; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.

Figure 1. Survival Characteristics of CRYSTAL Study Patients
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Group performance status. FOLFIRI indicates fluorouracil, leucovorin, and
irinotecan; HR, hazard ratio; mCRC, metastatic colorectal cancer.
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Figure 2. Survival Characteristics of FIRE-3 Study Patients

m Progression-free survival Left-sided mCRC

Cetuximab + FOLFIRI (n=157)

1.0 Bevacizumab + FOLFIRI (n=149)
08 HR, 0.90;
g 95%Cl, 0.71-1.14;
s 061 P=38
é\
T 041
o
a
0.2
0 1
0 72
No. at risk
Cetuximab+FOLFIRI 157 60 17 10 6 4 0
Bevacizumab + 149 56 13 7 2 0 0
FOLFIRI
Overall survival Left-sided mCRC
1.0+ Cetuximab + FOLFIRI (n=157)
Bevacizumab + FOLFIRI (n=149)
0.8 HR, 0.63;
3 95% Cl, 0.48-0.85;
5 0.6 £=.002
2
E
B 0.4+
o
-y
0.2+
0 T T T T T 1
0 12 24 36 48 60 72
Months
No. at risk
Cetuximab +FOLFIRI 157 131 77 38 23 6 0
Bevacizumab + 149 120 76 31 11 3 0
FOLFIRI

Right-sided mCRC
Cetuximab + FOLFIRI (n=38)

Bevacizumab + FOLFIRI (n=50)
HR, 1.44;
2 95% Cl, 0.92-2.26;
“ pP=.11
(=]
2
E
2
o
a
T T T ]
36 48 60 72
Months
No. at risk
Cetuximab+FOLFIRI 38 10 0 0 0 0 0
Bevacizumab + 50 16 1 0 0 0 0
FOLFIRI
Right-sided mCRC
1.0+ Cetuximab + FOLFIRI (n=38)
Bevacizumab + FOLFIRI (n=50)
0.8 HR, 1.31;
3 95%Cl, 0.81-2.11;
5 0.6 P=.28
)
2 L)
8 0.4 :
o 1
& 1
0.2+ 3
0 ; : ; ; ; ‘
0 12 24 36 48 60 72
Months
No. at risk
Cetuximab+FOLFIRI 38 24 10 4 1 1 0
Bevacizumab + 50 37 16 7 1 0 0
FOLFIRI
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from a log-rank test, stratified by region and Eastern Cooperative Oncology

Group performance status. FOLFIRI indicates fluorouracil, leucovorin, and
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ORR was observed upon the addition of cetuximab to FOLFIRI
in CRYSTAL study patients with right-sided tumors.
Comparable findings were obtained from the RAS wt popu-
lation of FIRE-3. Among RAS wt FIRE-3 study patients with left-
sided tumors, those treated with FOLFIRI plus cetuximab had
significantly longer OS than patients receiving FOLFIRI plus
bevacizumab in the absence of a significant difference in ORR
or PFS, in consonance with the overall findings of FIRE-3. In
contrast, among FIRE-3 study patients with right-sided tu-
mors, although interpretation is again limited by small sample
sizes, there were no significant differences in ORR, PFS, or OS
with FOLFIRI plus cetuximab vs FOLFIRI plus bevacizumab.

Multivariable Models Investigating the Possible Interaction
Between Primary Tumor Location and Treatment

Further exploring its potential predictive value via post hoc
statistical modeling, a significant interaction was observed be-
tween primary tumor location and treatment for PFS and OS,
but not for ORR, upon multivariable analysis of the CRYSTAL
RASwt population. This multivariable model also revealed that
sex was prognostic for PFS but not OS, while treatment and

JAMA Oncology February 2017 Volume 3, Number 2

BRAF mutational status were associated with both PFS and OS
(eTable 3A-C in the Supplement).

Similarly, via post hoc statistical modeling, there was a sig-
nificant interaction between primary tumor location and treat-
ment for OS, but not for ORR or PFS upon multivariable analy-
sis of the FIRE-3 RAS wt population. This analysis also showed
that primary tumor location and BRAF mutational status were
prognostic factors for both PFS and OS, sex was prognostic for
PFSbutnot OS, and treatment was associated with OS but not
PFS (eTable 3D-F in the Supplement).

|
Discussion

In this retrospective analysis, we assessed the potential prog-
nostic and predictive relevance of primary tumor location in
patients with RAS wt mCRC treated with first-line FOLFIRI—
either alone or in conjunction with cetuximab or bevaci-
zumab—in the CRYSTAL and FIRE-3 studies.

Our observations suggested that primary tumor location
is a prognostic factor: patients with right-sided tumors have
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Table 2. Efficacy Results for RAS Wild-Type CRYSTAL and FIRE-3 Study Patients, Stratified Based on Tumor Location

CRYSTAL FIRE-3
All® Left-Sided Tumors Right-Sided Tumors  All® Left-Sided Tumors Right-Sided Tumors
FOLFIRI + FOLFIRI + FOLFIRI +
FOLFIRI + FOLFIRI + FOLFIRI + FOLFIRI + Bevaci- FOLFIRI + Bevaci- FOLFIRI +  Bevaci-
Cetuximab FOLFIRI  Cetuximab FOLFIRI ~ Cetuximab FOLFIRI  Cetuximab zumab Cetuximab zumab Cetuximab zumab
Parameter (n=178) (n=189) (n=142) (n=138) (n=33) (n=51) (n=199) (n=201) (n=157) (n=149) (n=38) (n=50)
ORR
Rate, % 66.3 38.6 72.5 40.6 42.4 333 65.3 58.7 68.8 61.7 52.6 50.0
Oddsratio 3.11 3.99 1.45 1.33 1.37 1.11
(95%Cl)  (2.03-4.78) (2.40-6.62) (0.58-3.64) (0.88-1.99) (0.85-2.19) (0.48-2.59)
Pvalue <.001 <.001 43 .18 23 .83
Pvaluefor NA .07 NA .68
interaction
PFS
Median, 11.4 8.4 12.0 8.9 8.1 7.1 10.3 10.2 10.7 10.7 7.6 9.0
mo
HR 0.56 0.50 0.87 0.97 0.90 1.44
(95%Cl)  (0.41-0.76) (0.34-0.72) (0.47-1.62) (0.78-1.20) (0.71-1.14) (0.92-2.26)
Pvalue <.001 <.001 .66 77 .38 11
Pvaluefor NA 11 NA .09
interaction
0S
Median, 28.4 20.2 28.7 21.7 18.5 15.0 33.1 25.0 38.3 28.0 18.3 23.0
mo
HR 0.69 0.65 1.08 0.70 0.63 1.31
(95%Cl)  (0.54-0.88) (0.50-0.86) (0.65-1.81) (0.54-0.90) (0.48-0.85) (0.81-2.11)
Pvalue .002 .002 .76 .006 .002 .28
Pvaluefor NA 17 NA .009
interaction

Abbreviations: FOLFIRI, fluorouracil, leucovorin, and irinotecan; HR, hazard
ratio; NA, not applicable; ORR, objective response rate; OS, overall survival;
PFS, progression-free survival.

2 Includes 3 patients with primary tumors sited on both the left and right sides

whose origin could not be determined.

®|ncludes 6 patients with primary tumors sited on both the left and right sides
whose origin could not be determined.

worse prognosis than those with left-sided tumors. This prog-
nostic difference was independent of the first-line regimen,
suggesting that there is a significant unmet clinical need for
developing new treatment strategies for patients with right-
sided mCRC.*?

Furthermore, in both CRYSTAL and FIRE-3, FOLFIRI plus ce-
tuximab had higher treatment effects in left-sided vs right-
sided tumors. These observations underscore that mCRC is a
heterogeneous disease. Prior work has uncovered that an EGFR
inhibitor-sensitive phenotype appears to be more prevalent in
left-sided tumors, whereas right-sided tumors appear to be more
heterogeneous and only a subset of them are EGFR sensitive.>”
According to the present multivariable analyses, heteroge-
neous responses to FOLFIRI plus cetuximab based on tumor lo-
cation are not driven by BRAF mutational status, which repre-
sents an independent prognostic factor. Of note, however, prior
studies have revealed that even BRAF wt tumors may possess a
BRAF-mutant-like gene expression signature, and this is most
often present in right-sided mCRC.>”® Sex-related factors may
help explain some of the heterogeneity that exists among right-
sided tumors, which could be driven by biological differences
or imbalances in baseline characteristics.

These issues highlight the need for future research to un-
derstand the biology of right-sided mCRC and develop more
effective therapeutic strategies. It is critical to improve our un-
derstanding of the biology of tumor location (eg, biomarker sig-

jamaoncology.com

natures), which may help to better anticipate treatment ben-
efit from cetuximab, bevacizumab, other targeted agents, and
even conventional chemotherapy. This will require the iden-
tification of biomarkers beyond RAS and BRAF; indeed, it is
conceivable that differential treatment effects could persist
within individual molecular subtypes,”® even after stratify-
ing patients on the basis of tumor location. Furthermore, de-
spite preliminary observations from the oxaliplatin with fluo-
rouracil and folinic acid chemotherapy (FOLFOX) subgroup of
CALGB/SWOG 80405,%* we cannot exclude the possibility that
our observations are attributable to the chemotherapy back-
bone deployed in CRYSTAL and FIRE-3 (FOLFIRI).

As is the case for all retrospective studies, potential limi-
tations of our work include imbalances in certain baseline char-
acteristics between treatment arms and the relatively mod-
est number of patients in some subgroups; these imbalances
may have actually favored the control arms. It should also be
noted that, given the different comparators used in CRYSTAL
(FOLFIRI) and FIRE-3 (FOLFIRI plus bevacizumab), compari-
sons between the 2 trials are challenging, and it would be in-
formative to also have data comparing FOLFIRI vs FOLFIRI plus
bevacizumab.

Our observations support the notion that primary tumor
location potentially possesses both relevant prognostic and pre-
dictive value in patients with RAS wt mCRC. This suggests that
patient stratification based on primary tumor location should
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be considered in the design of future trials in mCRC; these trials
should also take mutational and gene expression signatures
into account. Further clarity may be afforded by future pro-
spective studies and retrospective analyses of already-
published trials.

Our observations are broadly consistent with previous
reports.>’20-24 Active signaling via the EGFR pathway is more
frequent in patients with left-sided tumors, ostensibly ren-
dering them more responsive to EGFR inhibitor-based
therapy.>?! Patients with right-sided tumors have poor prog-
nosis, which arises independent of BRAF status and does not
appear to be successfully salvaged by any approved first-line
regimen.>”'8 Also in general consonance with the present find-
ings, retrospective analysis of the NCIC CTG CO.17*° trial re-
ported that adding cetuximab to best supportive care in pa-
tients with KRAS wt chemotherapy-refractory mCRC
significantly benefitted individuals with left-sided tumors but
had limited benefit for those with right-sided tumors; further-
more, there was a significant interaction between primary tu-
mor location and treatment for PFS. Similarly, Wang et al>°
found that adding cetuximab to first-line or second-line che-
motherapy significantly improved ORR, PFS, and OS in pa-
tients with left-sided mCRC but had limited benefit in pa-
tients with right-sided tumors. Tumor location subgroup data
from CALGB/SWOG 804052 were presented at the 2016 an-
nual meeting of the American Society of Clinical Oncology:
these data were similar to our observations regarding the prog-
nostic and predictive impact of tumor location; notably, these
data indicate that OS was significantly longer in KRAS wt pa-
tients with left-sided tumors treated with first-line chemo-
therapy (FOLFOX or FOLFIRI) plus cetuximab vs those receiv-
ing chemotherapy (FOLFOX or FOLFIRI) plus bevacizumab,
whereas there was no significant difference between treat-
ment arms among patients with right-sided tumors.??

In contrast, analysis of the PICCOLO trial'® reported that
adding panitumumab to irinotecan as second-line or third-
line therapy resulted in a PFS benefit in both left-sided and
right-sided tumors; however, these observations may be at-
tributable to patient selection during assessment of later-line
treatment outcomes. Additionally, whereas data from the
AVF2107g, AGITG MAX, and NO16966 trials suggest that both

Relevance of Tumor Location in Patients With Colorectal Cancer

patients with right-sided tumors and those with left-sided tu-
mors benefit from the addition of bevacizumab to
chemotherapy,''¢ 2 other analyses concluded that adding be-
vacizumab to chemotherapy principally benefits patients with
left-sided mCRC.'??> Data from the MAVERICC trial?* sug-
gest that PFS was longer in patients with left-sided mCRC re-
ceiving first-line FOLFIRI plus bevacizumab vs FOLFOX plus
bevacizumab; however, no PFS difference between arms was
observed among patients with right-sided tumors.

Discrepancies between the present findings and prior re-
ports may be attributable to differences in the line of therapy
assessed, the identity of the agent administered, analytical limi-
tations imposed by relatively small patient numbers, and the
retrospective character of these observations. However, the
preponderance of available evidence suggests that primary tu-
mor location impacts responsiveness to most therapies in
mCRC (cetuximab, bevacizumab, other targeted agents, and
even conventional chemotherapy).

. |
Conclusions

Our findings from this retrospective analysis of the RAS wt
populations of the first-line CRYSTAL and FIRE-3 trials con-
firm the prognosticrole of primary tumor location. These data
further suggest a site and treatment interaction, with poor-
prognosis right-sided tumors not significantly benefitting from
the addition of cetuximab but with a profound benefit of ce-
tuximab for left-sided tumors, more than what was appreci-
ated before splitting patient populations by site. The FIRE-3
trial analyzed by site indicated that FOLFIRI and cetuximab
would be the preferred option for RAS wt left-sided tumors in
terms of OS, while right-sided tumors remain tumors of poor
prognosis with any of the studied regimens. The data col-
lected to date therefore suggest that primary tumor location
should be included in the stratification criteria for future mCRC
trials, particularly those involving EGFR inhibitors, as an EGFR
inhibitor-sensitive phenotype appears to be more prevalent
in left-sided tumors. Additional research is necessary to elu-
cidate the subset of patients with RAS wt right-sided mCRC who
may derive benefit from cetuximab.
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