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Background: We tested the association of colon tumour sidedness with prognosis and with molecular subtypes recently shown to
be predictive of oxaliplatin benefit in stage III colon cancer.

Methods: NSABP/NRG C-07 trial (N¼ 1603) was used to determine association of tumour sidedness with molecular subtypes and
recurrence-free survival (RFS) and overall survival (OS).

Results: Sidedness was associated with molecular subtypes except stem-like/CMS4 subtype. Patients with stage III, left-sided
tumours showed superior OS but not RFS. Sidedness was not associated with prediction of oxaliplatin benefit when combined
with 5-Fuþ LV. However, greater benefit from oxaliplatin was observed in a small subset of stage III patients with left-sided,
enterocyte-subtype tumours (interaction HR¼ 0.17, P¼ 0.01).

Conclusions: Sidedness was associated with molecular subtypes and was predictive of OS in stage III colon cancer but was not
predictive of RFS or oxaliplatin benefit in C-07. Molecular subtypes may provide more predictive value for oxaliplatin benefit than
tumour sidedness.

Several recent studies have indicated that primary tumour
sidedness may be prognostic and predictive of anti-EGFR therapy
response in metastatic colorectal cancer. The ad hoc analysis of
CALGB/SWOG 80405, a trial of cetuximab or bevacizumab
combined with FOLFOX or FOLFIRI, showed better overall
patient survival with KRAS wild-type metastatic colorectal cancer
when the tumour was left-sided, regardless of treatment subgroup
(Venook et al, 2016). Similar trials, including CRYSTAL and FIRE-
3, reported that patients with left-sided tumours had a better
prognosis and also received greater benefit from cetuximab added
to first- or second-line chemotherapy than did patients with right-
sided tumours (Tejpar et al, 2016).

In a population-based study of stage III and IV colon cancer,
patients with right-sided tumours had inferior survival in the

adjuvant setting (Schrag et al, 2016). Results seen in the analysis of
patients enrolled into adjuvant clinical trials VICTOR and
QUASAR2 (N¼ 1935) were consistent with those findings. Cancer
in the right-sided colon was associated with poorer prognosis for
overall survival (OS) but not for recurrence-free survival (RFS),
which was equivalent for left- and right-sided tumours (Kerr et al,
2016). This discrepancy between OS and RFS is a result of the poor
survival after recurrence (SAR) in patients with right-sided
tumours compared with patients with left-sided tumours. Similar
observations were made when BRAF mutations were assessed for
prognosis; no association was seen when time to recurrence was
used, but BRAF was associated with poor prognosis if OS or SAR
were used as end points (Gavin et al, 2012). The association of
right-sided tumours with poor prognosis was maintained even
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when the models were adjusted for many clinical and molecular
variables, including MSI, CIN, KRAS, and BRAF status, suggesting
that BRAF and MSI status, which are known to be more common
on the right side and to influence outcomes, are not the sole drivers
responsible for the poor prognosis of right-sided tumours.

A series of gene expression signatures recently developed to
classify colorectal cancer (De Sousa E Melo et al, 2013;
Sadanandam et al, 2013; Guinney et al, 2015) revealed that each
subtype had distinct molecular features and prognoses. When the
predictive values of these signatures were retrospectively tested for
oxaliplatin benefit in the NSABP/NRG C-07 trial, the Colorectal
Cancer Assigner (CRCA) specifically identified a statistically
significant interaction between enterocyte subtype and oxaliplatin
benefit in the discovery cohort and a trend for significance in the
validation cohort (Song et al, 2016). Notably, the association of
poor prognosis in patients with the stem-like subtype was robustly
identified regardless of subtype classifications and stages.

In this study, we examined the association of primary tumour
location with prognosis and prediction for oxaliplatin benefit in
C-07 and in subsets of C-07 based on molecular subtypes. We chose
to focus our analyses using CRCA subtyping because our evidence
suggested that it more clearly defined an oxaliplatin benefit group
than did Consensus Molecular Subtype (CMS) subtyping (Song et al,
2016). The CMS2 subtype received benefit from oxaliplatin, but the
degree of benefit and significance was greater in the CRCA
enterocyte subtype. Subsetting the CMS2 subtype into enterocyte-
and TA-like showed that oxaliplatin benefit was limited to the
CMS2-enteroctye sub-subtype.

MATERIALS AND METHODS

The NSABP C-07 trial was approved by local human investigation
committees or institutional review boards in accordance with
assurances filed with and approved by the Department of Health
and Human Services. Written informed consent was required for
participation.

NCounter data for all properly consented patients from NSABP/
NRG C-07 were included (N¼ 1603) in this ad hoc analysis.
Subtyping methods based on gene expression profiling have been

described previously (Song et al, 2016). We defined sidedness of
tumours as did other previous studies (Tejpar et al, 2016; Venook
et al, 2016). Ten cases with mixed combination of right- and left-
sided tumours were excluded for the analysis. Associations of
clinical variables and mutations with sidedness were analysed by
means of the w2 test. The primary end point in this study is time to
recurrence (time from random assignment to recurrence censor for
death (competing risk) or last follow-up). For each variable, we
assessed (1) prognostic significance using univariate Cox models
and (2) predictive values for oxaliplatin benefit using Cox models
with an interaction term between treatment and tested variable.

RESULTS

Of the 1603 cases, 719 (44.9%) were left sided, 874 (54.5%) were
right sided, and 10 had multiple locations on both sides
simultaneously; the latter were excluded from further analysis.
Stage; grade; obstruction; and BRAF, KRAS, and PIK3CA
mutations are strongly associated with sidedness. Right- and left-
sided tumours also showed different distributions of intrinsic
subtypes regardless of molecular classifiers (Po0.001), with the
exception of the CRCA (Colorectal Cancer Assigner) stem-like
subtype and the CMS4 subtype (Supplementary Table 1). Goblet-
like, inflammatory, CMS1 (immune), and CMS3 (metabolic) were
predominant in the right colon, whereas enterocyte, transit-
amplifying (TA), and CMS2 (canonical) were more frequent in the
left (overall Po0.001; Supplementary Table 1; Figure 1). Stem-like/
CMS4 (mesenchymal) subtypes defined similar subsets of patients
with poor prognosis and have similar distribution in right- and
left- sided tumours.

Sidedness was not associated with prognosis in the entire C-07
cohort (Figure 2A and B) and not in stage III patients based on
RFS (HR: 0.86 (CI: 0.71–1.04), P¼ 0.12), but sidedness was
associated with prognosis based on OS (0.78 (CI: 0.65–0.95)
P¼ 0.011; Figure 2C and D).

Sidedness was not associated with prediction of stage III patients
who received greater benefit from oxaliplatin combined with 5-
FUþ leucovorin chemotherapy (RFS-interaction HR¼ 0.94,
P¼ 0.78; Figure 3A; OS-interaction HR¼ 0.85, P¼ 0.42;
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Figure 1. Distribution of intrinsic subtype frequency in left- and right-sided colon of all patients of NSABP/NRG C-07. CMS¼Consensus
Molecular Subtype.
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Figure 3B). We examined the association of sidedness with
oxaliplatin benefit within the enterocyte subtype because this
subset of patients received significant benefit from oxaliplatin
(Song et al 2016). The oxaliplatin benefit based on RFS was greater
in patients with stage III, left-sided tumours with an enterocyte
subtype (HR¼ 0.122 (CI: 0.036–0.411), Po0.001) than on right-
sided tumours (HR¼ 0.672 (CI: 0.311–1.452), P¼ 0.312), with a
significant sidedness-oxaliplatin interaction based on RFS (inter-
action HR, 0.17; P¼ 0.01) (Figure 3C and D) but not OS
(interaction HR 0.51, P¼ 0.24) (Figure 3E and F). No difference
between right- and left-sided tumours regarding benefit from
oxaliplatin was seen in the ‘other’ CRCA subtypes composed of
inflammatory, goblet-like, stem-like, and TA subtypes either based
on RFS or OS (Figure 3D and F).

DISCUSSION

We saw an association of sidedness with prognosis in stage III C-07
patients based on OS but not in the entire cohort and not in stage
III patients based on RFS. Patients in C-07 with left-sided tumours
had superior OS. These results were similar to previous studies
(Kerr et al, 2016; Schrag et al, 2016; Tejpar et al, 2016). Kerr et al

(2016) also found an association with sidedness and prognosis in
stage II/III patients based on OS but not with RFS.

Right- and left-sided colon tumours both failed to show benefit
from oxaliplatin in the C-07 cohort in both the entire cohort and in
stage III patients. Because our previously published results showed
that only stage III patients with an enterocyte subtype tended to
receive oxaliplatin benefit (Song et al, 2016), we examined
oxaliplatin benefit in patients with enterocyte tumours and found
that only patients with left-sided tumours received benefit from
oxaliplatin; this remained significant even after adjusting for other
clinical and molecular variables, including tumour sidedness
(P¼ 0.005). No benefit from oxaliplatin could be detected in
patients with right-sided enterocyte tumours. This analysis
consisted of a small number of patients and these results should
be interpreted cautiously.

With the exception of the poorest prognostic subtype (stem-
like/CMS4), the distribution of molecular subtypes was different in
the right and left side of the colon. This finding is consistent with
those of several other publications, which may not be surprising
because the right and left side of colorectal tumours arise from two
different embryonic origins. Similar to the results seen in the
metastatic setting, we also observed less treatment benefit in a
small subset of C-07 patients with enterocyte, right-sided tumours
(Tejpar et al, 2016). Other investigators have concluded that right-
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Figure 2. Kaplan-Meier plots for NSABP/NRG Oncology C-07 patients stratified by sidedness (left vs right) in: (A) all patients based on RFS, (B)
all patients based on OS, (C) stage III patients based on RFS, and (D) stage III patients based on OS. The number of patients at risk is shown below
the graph.
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sided tumours may be more resistant to treatment, demonstrating
that the overexpression of genes involved in cell cycle control in
left-sided tumours might explain why these tumours are more

sensitive to cytotoxic therapies, but other pathways such as DNA
damage repair, which are also overexpressed in the left, would
suggest chemotherapy resistance (Glebov et al, 2003). The
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Figure 3. Kaplan-Meier plots for NSABP/NRG Oncology C-07 patients stratified by sidedness (left vs right) and treatment (5-fluorouracil (5-
FU) plus leucovorin (LV) vs 5-FU+LV and oxaliplatin (FLOX)) in: (A) stage III patients based on RFS, (B) stage III patients based on OS, (C) stage III
enterocyte-subtype patients based on RFS, (D) stage III other-subtype patients based on RFS, (E) stage III enterocyte-subtype patients based on
OS, and (F) stage III other-subtype patients based on OS. The number of patients at risk is shown below the graph.
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microbiome may be having a role in the differential response to
therapeutic agents because biofilms that are more common on
right-sided tumours are resistant to innate and adaptive immune
responses (Bjarnsholt et al, 2013; Mima et al, 2016) and could act
as a barrier to drug entry as well (Dejea et al, 2014).

The observation that stem-like/CMS4 (mesenchymal) subtype
was evenly distributed between right and left colon in patients with
stage III disease may have important clinical ramifications because
these tumours are associated with a very poor prognosis and
received no detectable benefit from oxaliplatin (Song et al, 2016).
Thus clinical trials selecting patients with a poor prognosis should
consider stratifying them according to molecular subtypes beyond
tumour sidedness.
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