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ABSTRACT

Background. The randomized phase III study (WJOG4407G)
showed equivalent efficacy between FOLFOX and FOLFIRI
in combination with bevacizumab as the first-line treat-
ment for metastatic colorectal cancer (mCRC). We studied
whole genome copy number profiles using array-based
comparative genomic hybridization (aCGH) analysis of
tumor tissue samples obtained in this study. The aim of
this study was to identify gene copy number alterations
that could aid in selecting either FOLFOX or FOLFIRI in
combination with bevacizumab for patients with mCRC.
Materials and Methods. DNA was purified from 154 pre-
treatment formalin-fixed paraffin-embedded tissue samples
(75 from the FOLFOX arm and 79 from the FOLFIRI arm) of
395 patients enrolled in the WJOG4407G trial and analyzed
by aCGH. Genomic regions greater than 1.2-fold were
regarded as copy number gain (CNG).

Results. Patient characteristics between the treatment
arms were well balanced except for tumor laterality (left
side; 64% in FOLFOX arm and 80% in FOLFIRI arm, p = .07).
FOLFIRI showed a trend toward better response rate (RR),
progression-free survival (PFS) and overall survival
(OS) than FOLFOX in the patients with CNG of chromosome
8q24.1 (Fisher’s exact test, p = .134 for RR; interaction test,
p = .102 for PFS and p = .003 for OS) and 8q24.2 (Fisher’s
exact test, p = .179 for RR; interaction test, p = .144 for
PFS and p = .002 for OS).
Conclusion. Chromosome 8q24.1–q24.2 may contain genes
that could potentially serve as predictive markers for
selecting either FOLFOX or FOLFIRI in combination with
bevacizumab for treatment of patients with mCRC. The
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Implications for Practice: Bevacizumab has been used as a standard first-line treatment for patients with metastatic colorec-
tal cancer (mCRC) in combination with either oxaliplatin-based or irinotecan-based chemotherapy. Until now, there has been
no predictive marker to choose between the two combination chemotherapies. This array-based comparative genomic
hybridization analysis revealed that the difference in therapeutic effect between the two combination chemotherapies is
prominent in patients with mCRC with gene copy number gain in chromosome 8p24.1–p24.2. Such patients showed more
favorable response and survival when treated with irinotecan-based combination chemotherapy. Overlapping genes com-
monly found in this region may be predictive biomarkers of the efficacy of the combination chemotherapy with
bevacizumab.

INTRODUCTION

For the first-line treatment of metastatic colorectal cancer
(mCRC), chemotherapy regimens containing fluoropyrimi-
dine [5-fluorouracil (5-FU)/ leucovorin] in combination with
oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) were recog-
nized to be the standard-of-care in early 2000 [1]. Recently,
molecular targeting agents have been developed. Bevacizu-
mab (Bev; Avastin, Genentech) is a recombinant humanized
monoclonal antibody, which binds to the vascular endothe-
lial growth factor (VEGF) with high specificity and prevents
its interaction with its receptors on the endothelial cells
and inhibits angiogenesis. This antiangiogenic agent has
been shown to yield superior progression-free survival
(PFS) and overall survival (OS) when added to 5-FU-based
chemotherapy in patients with mCRC, and it has been used
as a standard first-line treatment in combination with either
FOLFOX or FOLFIRI [2, 3]. The WJOG4407G trial was the first
phase III study comparing FOLFIRI with FOLFOX in combina-
tion with bevacizumab, which showed their equivalent effi-
cacy as the first-line treatment for mCRC. Median PFS for
the FOLFIRI arm (n = 197) and FOLFOX arm (n = 198) was
12.1 and 10.7 months (hazard ratio [HR], 0.905; 95% confi-
dence interval [CI], 0.723–1.133; p = .003 for noninferiority),
respectively, and median OS for the FOLFIRI arm and
the FOLFOX arm were 30.1 and 31.4 months (HR, 0.990;
95% CI, 0.785–1.249), respectively, whereas the best overall
response rates were 64% for the FOLFIRI arm and 62% for
the FOLFOX arm [4]. Until now, there has been no predictive
marker to choose between them.

Copy number changes at the genomic level are common
features of cancers, including CRC. Copy number changes in
the tumor cells are thought to be associated with tumor
growth and chemosensitivity/resistance. Several published
comparative genomic hybridization (CGH) studies of CRC
have provided a good overview of the typical patterns of
copy number gains and losses in CRC. More recently, array-
based CGH (aCGH), with significantly higher resolution, has
been applied to further refine these findings, leading to
identification of several candidate driver genes [5–7]. How-
ever, advanced analyses of copy number changes, which
may determine the correlation with the efficacy of chemo-
therapy, have not identified biomarkers specific for selecting
optimal chemotherapy regimens of mCRC.

In the present study, we purified DNA from formalin-
fixed paraffin-embedded (FFPE) tissue samples obtained
from the patients enrolled in the WJOG4407G trial and
generated whole genome copy number profiles of mCRC
using aCGH. The main aim of this study was to identify

gene copy number alterations that could aid in selecting
either FOLFOX or FOLFIRI in combination with bevacizumab
for patients with mCRC.

MATERIALS AND METHODS

Ethics Statement
This study was carried out as a collaborative study of the
WJOG4407G trial [4]. The WJOG440G trial and this collabo-
rative study were approved by the ethics committee of
each participating institution. This collaborative study was
not mandatory for all of the patients participating in
WJOG4407G trial and only included the patients who
provided written informed consents specific for this trans-
lational research. The WJOG4407G trial and this collabora-
tive study were undertaken in accordance with the
principles laid down in the Declaration of Helsinki and reg-
istered in the University Hospital Medical Network (UMIN)
Clinical Trials Registry, number UMIN000001396.

Patients
In the WJOG4407G trial, 395 eligible patients with previ-
ously untreated mCRC were randomized to receive either
FOLFOX + Bev (ox arm; oxaliplatin 85 mg/m2, l-leucovorin
200 mg/m2, bolus 5-FU 400 mg/m2, infusional 5-FU
2,400 mg/m2, and Bev 5 mg/kg, every 2 weeks) or FOLFIRI
+ Bev (iri arm; same as ox arm, except for irinotecan
150 mg/m2 in place of oxaliplatin) until disease progres-
sion, appearance of unacceptable toxicity, or patient’s
refusal. Tumor samples were obtained prior to chemother-
apy from the patients who participated in this collaborative
study. The clinical data of the subjects of this study were
obtained from the data center of the West Japan Oncology
Group (WJOG).

Sample Collection
The laboratory analyses were performed at Kinki University,
Osaka-Sayama. Tumor tissue was manually dissected from
the FFPE tissue samples. Genomic DNA (gDNA) was purified
from each tissue specimen using the QIAamp DNA Micro
kit (Qiagen GmbH, Hilden, Germany). The concentration
and purity of the gDNA were measured using the Quant-iT
PicoGreen dsDNA Assay Kit (Thermo Fisher Scientific Inc.,
Waltham, MA).
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aCGH profiling
Five hundred nanograms of pooled gDNA were labelled
with either Cyanine 5-dUTP (Cy5; test) or Cyanine 3-dUTP
(Cy3; gender-matched reference), according to the manu-
facturer’s instructions (Agilent Genomic DNA Enzymatic
Labeling Kit). Competitive hybridization was performed on
Agilent Human CGH microarrays 4 × 180 K for each sam-
ple, according to “Agilent Oligonucleotide Array-Based CGH
for Genomic DNA Analysis.” Images were scanned and
quantified on the Agilent G2565 CA microarray scanner,
and the fluorescence intensities were extracted using the
Feature Extraction (version 10.7.3.1) software (Agilent
Technologies Inc., Santa Clara, CA).

Analysis of the Array Data
The aCGH analysis was performed using the Agilent geno-
mic workbench software (version 6.5.0.18). The somatic
copy number aberrations (CNAs) were detected using the
quality-weighted interval score algorithm, also called the
aberration detection method 2 algorithm (threshold: 6.0),
with a centralization threshold of 6.0 and bin size of 10.

There are no standardized log2 ratio cutoffs to define
low-amplitude CNAs. Based on the available literature,
genomic positions with a log2 Cy5/Cy3 fluorescence ratio
of over 0.25 (�1.2-fold) and a minimum of three consecu-
tive probes with the same polarity per region were
extracted as showing copy number gain (CNG) [8, 9]. CNAs
overlapping with known normal genomic variants according
to the Database of Genomic Variants (http://dgvbeta.tcag.
ca/dgv/app/home?ref=NCBI37/hg19) were not included.

Database Submission of aCGH Data
The aCGH data were deposited in the Gene Expression
Omnibus (GEO) database: http://www.ncbi.nlm.nih.gov/
geo/. The GEO accession number is GSE110785.

Statistical Analysis
We first estimated the treatment effects in the overall sub-
ject population (n = 154) based on the copy number sta-
tuses in subchromosomal regions. Then, we explored the
relevance of focal chromosomal aberrations to predictive
markers to choose between FOLFOX + Bev and FOLFIRI +
Bev, first focusing on the response rates followed by analy-
sis for progression-free survival and overall survival. The
chi-squared contingency test or Fisher’s exact test was
used to compare categorical variables, and Student’s t test
was used to compare continuous variables. Kaplan–Meier
methods were used to estimate the time-related probabili-
ties of survival among patients with mCRC between the
two different treatment arms (ox and iri arms) and
between two copy number statuses, CNG(−) and CNG(+),
specified for each chromosome region. The log-rank test
was used to detect the statistically significant differences in
the survival distributions between the two treatment arms
and between the copy number statuses. A p value < .05
was considered as denoting statistical significance, whereas
the screening cutoff p value for interaction test was set at
.2 to explore the candidate predictive markers for
response rate.

RESULTS

Patient Characteristics and Treatment Efficacy
Tissue samples were obtained from 154 patients (75 from
the ox arm and 79 from the iri arm), which were eligible
for the aCGH analysis, accounting for 39% of the all 395 eli-
gible patients of the WJOG4407G trial. Their clinicopatho-
logical features are summarized in Table 1. There were no
significant differences in patient background between the
two treatment arms except for tumor sites. The proportion
of patients having primary tumors at the right-sided colon
was slightly higher in the ox arm (p = .07). The iri arm
showed a slightly higher response rate (75% vs. 67%;
Table 1) and slightly longer PFS (median, 14.5 vs. 13 months)
and OS (median, 36.1 vs. 33.5 months) than the ox arm,
although all these were not statistically significant (Fig. 1
and Table 2).

Survival Impacts of Copy Number Gain
The results from the aCGH analysis were successfully
obtained from all subjects. CNGs at 10 subregions of chro-
mosome 7p, at 15 subregions of 7q, at 16 subregions of
8q, at 15 subregions of 13q, and at 5 subregions of 20q
were observed in ≥30 patients (supplemental online
Table 1).

For the total patient population, CNG covering the 7q,
13q (9 subregions), 20p (3 subregions) and 20q (3 subre-
gions) chromosomal regions was significantly correlated
with OS in the univariate analysis (supplemental online
Table 2). The patients with CNG in these regions showed a
better prognosis.

Clinopathological analysis for prognostic factors showed
significant difference in PFS, but not in OS, between
patients with KRAS wild and mutant types (p = .002;
Table 2). This trend of PFS was also detected among all
patients enrolled in our original study with a p value of
.003 [4]. To adjust for this KRAS status, we performed mul-
tivariate analysis and found four candidate regions, 7q31.2,
7q31.3, 7q32, and 8q11.1, which were significantly corre-
lated with PFS (supplemental online Table 3).

Subregional Determinants of the Response
To identify factors predicting treatment efficacy of each
chemotherapy regimen, we first compared the response
rate (RR) between the ox and iri arms for patients with or
without CNG in each chromosomal region (Table 3). Subre-
gions less frequently showing CNGs (≥15 patients; supple-
mental online Table 4) that were occasionally found in
chromosomes other than 7p, 7q, 8q, 13q, 20p, and 20q
(≥30 patients) were also included for the analyses (supple-
mental online Table 5). The iri arm showed a better RR
than the ox arm for patients with CNGs at 1q21.1–q21.2,
1q42.12, 1q32.1, 7q21.3, 7q33, 7q34, 7q36, 8q22.2, 8q22.3,
8q23, 8q24.1, and 8q24.2 (p < .2) as assessed by univariate
analysis (Table 3 and supplemental online Table 5).
Because there was a difference in the site of primary
tumors (right vs. left) between the two treatment arms—
that is, left-sided tumors were more frequent in the iri arm
(p = .070; Table 1)—we performed multivariate analyses
adjusting for the site of primary tumor (supplemental
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online Table 5). The results obtained by both univariate
and multivariate analyses were essentially comparable for
difference in the RR between treatment arms. The possible
interaction for RR were detected in patients with CNGs at
1q21.1–q21.2, 1q42.12, 1q32.1, 7q11.21, 7q11.22, 7q21.3,
7q33, 7q34, 7q36, 8q21.1, 8q22.2, 8q22.3, 8q23, 8q24.2,
and 19q13.12 (p < .2) and 8q24.1 (p = .203) for multivari-
ate analysis (supplemental online Table 5).

Subregional Determinants of PFS and OS
Next, we examined interactions of CNG for PFS and OS
(Fig. 2 and supplemental online Table 6). For each

chromosomal region, no significant imbalance in the
patient distribution for treatment was observed between
CNG statuses (supplemental online Table 7). The iri arm
showed better PFS than the ox arm (p for interaction < .2)
in patients with CNGs at chromosome 8q24.1 (median 14.5
vs. 10.4 months), 8q24.2 (median 14.5 vs. 11.4 months),
and 8q24.3 (median 14.5 vs. 10.7 months) regions and in
those without CNG at the chromosome 9q34.3 region
(median 14.8 vs. 13.0 months), whereas the correlation of
CNG with OS was found in a wider range of whole chromo-
somal regions, including these regions (Fig. 2 and supple-
mental online Table 6). The log-rank test also showed

Table 1. Patient characteristics

Patient characteristics All (n = 154), n (%) Ox arm (n = 75), n (%) Iri arm (n = 79), n (%) p valuea

Age .67

< 65 yr 93 (60.4) 44 (58.7) 49 (62.0)

≥ 65 yr 61 (39.6) 31 (41.3) 30 (38.0)

Age (median) .838

< 62 yr 67 (43.5) 32 (42.7) 35 (44.3)

≥ 62 yr 87 (56.5) 43 (57.3) 44 (55.7)

Sex .935

Male 96 (62.3) 47 (62.7) 49 (62.0)

Female 58 (37.7) 28 (37.3) 30 (38.0)

PS .713

0 119 (77.3) 57 (76.0) 62 (78.5)

1 35 (22.7) 18 (24.0) 17 (21.5)

Number of metastatic sites .717

1 68 (44.2) 32 (42.7) 36 (45.6)

≥ 2 86 (55.8) 43 (57.3) 43 (54.4)

KRAS status .29

Wild type 90 (58.4) 45 (60.0) 45 (57.0)

Mutant 62 (40.3) 28 (37.3) 34 (43.0)

Undetected 2 (1.3) 2 (2.7) 0 (0.0)

Site of primary tumor .07

Right 42 (27.3) 26 (34.7) 16 (20.3)

Left 111 (72.1) 48 (64.0) 63 (79.7)

Multiple 1 (0.6) 1 (1.3) 0 (0.0)

Adjuvant chemotherapy .381

Yes 125 (81.2) 63 (84.0) 62 (78.5)

No 29 (18.8) 12 (16.0) 17 (21.5)

Histological type .516

pap/tub1/tub2 138 (89.6) 68 (90.7) 70 (88.6)

por1/por2/muc/sig 9 (5.8) 5 (6.7) 4 (5.1)

Others 7 (4.5) 2 (2.7) 5 (6.3)

Response rate .29

CR + PR 106 (68.8) 49 (65.3) 57 (72.1)

PD + SD 43 (27.9) 24 (32) 19 (24.1)

NE 5 (3.3) 2 (2.7) 3 (3.8)
aChi-squared test.
Abbreviations: CR, complete response; iri, irinotecan; muc, mucinous adenocarcinoma; NE, not evaluable; ox, oxaliplatin; pap, papillary adeno-
carcinoma; PD, progressive disease; por1, poorly differentiated adenocarcinoma solid type; por2, poorly differentiated adenocarcinoma nonso-
lid type; PR, partial response; PS, performance status; SD, stable disease; sig, signet ring cell carcinoma; tub1, tubular adenocarcinoma well
differentiated type; tub2, tubular adenocarcinoma moderately differentiated type.
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significant differences between the two arms in PFS
(median 14.5 vs. 10.4 months, p = .037) and OS (median
48.1 vs. 26.8 months, p = .004) in patients having CNG at
8q24.1 (Fig. 3). These trends for PFS and OS tended to be
exhibited in patients with CNG at 8q24.2 with median 14.4
versus 11.4 months, p = .053 for PFS and median 48.1 ver-
sus 26.9 months, p = .004 for OS (supplemental online
Fig. 1). On the other hand, no significant difference in the
outcomes between the two arms was found for PFS
(median 13.8 vs. 14.7 months, p = .787) and OS (median
31.8 vs. 36.6 months, p = .233) and PFS (median 14.6
vs. 14.7 months, p = .801) and OS (median 31.8
vs. 37.9 months, p = .200) in patients without CNG at
8q24.1 and 8q24.2, respectively (Fig. 3 and supplemental
online Fig. 1). In both subregions, patients with CNG in the
iri arm were comparably distributed between right- and left-
sided tumors: right 6/16 (37.5 %), left 24/63 (38.1 %),
p = .965 for 8q24.1 and right 6/16 (37.5 %), left 25/63 (39.7
%), p = .873 for 8q24.2. However, those patients with CNG
in the ox arm had a slightly higher distribution in right-sided
tumors for both regions: right 13/26 (50 %), left 18/48 (38.1
%), p = .295 for 8q24.1 and right 15/26 (57.7 %), left 20/48
(41.7 %), p = .269 for 8q24.2. Although a chi-squared test
showed statistical insignificance, these rather biased distri-
butions in the ox arm may affect OS and PFS in favor of the
iri arm. To adjust for the primary site, we performed Cox
regression analyses for these two subregions (supplemental
online Table 8). Univariate and multivariate analyses of PFS
for the CNG group showed p values of .051 and .112 for
8q24.1 and of .069 and .220 for 8q24.2, respectively.

DISCUSSION

Our first analytical approach using aCGH revealed subchro-
mosomal regions with CNG that showed a significant corre-
lation with OS and PFS. The most common CNG (cutoff
value �1.2-fold) were detected in almost the entire subre-
gions of chromosomes 7, 8q, 13, and 20, consistent with
previous reports [10, 11]. Many of these subregions with
CNGs were correlated with longer OS regardless of treat-
ment, suggesting that these regions may include positive
prognostic factors (genes). In contrast to OS, correlation
with PFS was found in more limited regions. The multivari-
ate analysis identified only two CNG regions (7q31.2–q32
and 8q11.1) that might be correlated with PFS as well as
OS. Overlapping genes found commonly in CNGs of
7q31.2–q32 regions were KCND2, MIR29A, MIR29B1,
FJ43663, and MKLN1. MIR29A and MIR29B1 are known as
tumor suppressor miRNAs that inhibit the progression of
several cancer types and may potentially serve as candi-
date positive prognostic factors [12–14]. The intrinsic genes
in 8q11.1 are less characterized but may also include
unknown prognostic factors (genes) for mCRC [15]. These
issues remain unclarified, and further profound gene ana-
lyses are needed.

Our results suggested the chromosomal regions that
might contain candidate factor(s) to determine which of
FOLFOX or FOLFIRI in combination with bevacizumab was
more suitable for the individual patient. Such factors are
thought to be chromosomally located in subregions that
showed a considerable correlation with treatment effect.
After adjusting the site of the primary tumor, which caused

Figure 1. Kaplan–Meier plots of the PFS (left) and OS (right) for total (upper) and according to the treatment regimen (lower) in
the overall subject population (n = 154).
Abbreviations: CI, confidence interval; OS, overall survival; PFS, progression-free survival.
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imbalance between the two treatment arms, a significant
interaction between the treatment effects was detected in
subregions 8q24.1, 8q24.2, 8q24.3, and 9q34.3 for PFS in
favor of the iri arm. Among these regions, 8q24.1 and
8q24.2 were also possible predictors for RR. Consistent
with this, PFS and OS between two arms for the patients
with CNGs at 8q24.1 or q24.2 were significantly different.
In addition, the number of patients with CNGs in 8q24.1
and 8q24.2 was 62 (40%) and 66 (43%), respectively, indi-
cating that the CNGs in this chromosomal region
(8q24.1–8q24.2) occur frequently in mCRC (Fig. 3 and sup-
plemental online Fig. 1).

Considering that the RR and PFS reflect treatment effi-
cacy more directly than OS, CNGs in a subregion covering
8q24.1 to q24.2 may highlight the candidate genes for
selecting the FOLFIRI regimen. Overlapping genes com-
monly found in this region were NSMCE2, TRIB1, FAM84B,
POU5F1B, LOC727677, MYC, and PVT1. These genes are
located on the border between 8q24.1 and q24.2, extend-
ing from 8q24.13 (NSMCE2 and TRIB1) to 8q24.21
(FAM84B, POU5F1B, LOC727677, MYC, and PVT1). MYC is
well known as one of the most potent and commonly
deregulated oncoproteins in human cancers [16, 17].
Cytotoxic drugs, including camptothecin, a compound

Table 2. Analysis of prognostic factors for PFS and OS

Prognostic factor

PFS OS

mPFS HR (95% CI) p value mOS HR (95% CI) p value

Arm

Ox 13.04 33.51

Iri 14.46 0.756 (0.535–1.067) .111 36.07 0.843 (0.578–1.23) .376

Age

< 65 yr 13.83 36.57

≥ 65 yr 12.98 1.221 (0.864–1.725) .258 29.73 1.401 (0.954–2.056) .085

Age (medium)

< 62 yr 14.46 39.59

≥ 62 yr 12.58 1.358 (0.954–1.934) .09 30.75 1.392 (0.949–2.042) .091

Sex

Male, % 14.19 35.42

Female, % 12.98 1.132 (0.799–1.604) .485 32.16 1.001 (0.677–1.478) .998

PS

0 14.59 36.53

1 9.86 1.433 (0.951–2.159) .085 27.01 1.486 (0.954–2.315) .079

Number of metastatic sites

1 12.98 39.2

≥ 2 13.17 1.039 (0.734–1.469) .83 31.24 1.411 (0.961–2.073) .079

KRAS

Wild type 11.1 35.25

Mutant 15.31 0.569 (0.396–0.817) .002 36.57 0.741 (0.499–1.1) .137

Undetected 4.91 16.248 (3.511–75.186) <.001 13.95 6.949 (1.643–29.392) .008

Site of primary tumor

Right 13.04 31.87

Left 14.19 0.825 (0.564–1.207) .322 35.78 0.754 (0.496–1.147) .187

Multiple 5.22 14.181 (1.766–113.856) .013 18.66 4.155 (0.553–31.23) .166

Adjuvant chemotherapy

Yes 12.88 33.22

No 17.48 0.792 (0.515–1.22) .29 45.83 0.687 (0.414–1.141) .147

Histological type

pap/tub1/tub2 14.19 35.75

por1/por2/muc/sig 8.28 1.7 (0.859–3.366) .128 26.71 1.494 (0.604–3.69) .385

Others 9.3 2.711 (1.173–6.267) .02 31.24 2.095 (0.967–4.537) .061

For each clinicopathological parameter, HR, 95% CI, and p values are shown.
Abbreviations: CI, confidence interval; HR, hazard ratio; iri, irinotecan; mOS, median OS; mPFS, median PFS; muc, mucinous adenocarcinoma;
OS, overall survival; ox, oxaliplatin; pap, papillary adenocarcinoma; PFS, progression free survival; por1, poorly differentiated adenocarcinoma
solid type; por2, poorly differentiated adenocarcinoma nonsolid type; PS, performance status; sig, signet ring cell carcinoma; tub1, tubular ade-
nocarcinoma well differentiated type; tub2, tubular adenocarcinoma moderately differentiated type.
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Table 3. Response rates comparing treatment arms in representative chromosomal regions with (+) and without (−) copy
number gain

Region Arm RR [ratio, %], (95% CI) Odds ratio (95% CI) Fisher p value

All ox 49 [65.3] (53.5–76.0) 0.73 (0.37–1.44) .362

iri 57 [72.2] (60.9–81.7)

7q32(+) ox 15 [65.2] (42.7–83.6) 0.44 (0.11–1.77) .247

iri 17 [81.0] (58.1–94.6)

7q32(–) ox 34 [65.4] (50.9–78.0) 0.85 (0.38–1.89) .690

iri 40 [69.0] (55.5–80.5)

7q33(+) ox 12 [66.7] (41.0–86.7) 0.25 (0.04–1.46) .124

iri 16 [88.9] (65.3–98.6)

7q33(–) ox 37 [64.9] (51.1–77.1) 0.90 (0.42–1.93) .792

iri 41 [67.2] (54.0–78.7)

7q34(+) ox 13 [65.0] (40.8–84.6) 0.22 (0.04–1.23) .085

iri 17 [89.5] (66.9–98.7)

7q34(–) ox 36 [65.5] (51.4–77.8) 0.95 (0.44–2.05) .891

iri 40 [66.7] (53.3–78.3)

7q35(+) ox 12 [75.0] (47.6–92.7) 0.43 (0.07–2.76) .373

iri 14 [87.5] (61.7–98.4)

7q35(–) ox 37 [62.7] (49.1–75.0) 0.78 (0.37–1.65) .520

iri 43 [68.3] (55.3–79.4)

7q36(+) ox 12 [66.7] (41.0–86.7) 0.20 (0.03–1.15) .072

iri 20 [90.9] (70.8–98.9)

7q36(–) ox 37 [64.9] (51.1–77.1) 1.00 (0.46–2.16) 1.000

iri 37 [64.9] (51.1–77.1)

8q21.3(+) ox 18 [75.0] (53.3–90.2) 0.56 (0.12–2.63) .464

iri 16 [84.2] (60.4–96.6)

8q21.3(–) ox 31 [60.8] (46.1–74.2) 0.72 (0.33–1.57) .407

iri 41 [68.3] (55.0–79.7)

8q22.1(+) ox 19 [73.1] (52.2–88.4) 0.57 (0.14–2.28) .428

iri 19 [82.6] (61.2–95.0)

8q22.1(–) ox 30 [61.2] (46.2–74.8) 0.75 (0.34–1.67) .478

iri 38 [67.9] (54.0–79.7)

8q22.2(+) ox 20 [69.0] (49.2–84.7) 0.37 (0.09–1.58) .18

iri 18 [85.7] (63.7–97.0)

8q22.2(–) ox 29 [63.0] (47.5–76.8) 0.83 (0.37–1.87) .655

iri 39 [67.2] (53.7–79.0)

8q22.3(+) ox 20 [69.0] (49.2–84.7) 0.33 (0.08–1.42) .137

iri 20 [87.0] (66.4–97.2)

8q22.3(–) ox 29 [63.0] (47.5–76.8) 0.88 (0.39–1.98) .75

iri 37 [66.1] (52.2–78.2)

8q23(+) ox 20 [66.7] (47.2–82.7) 0.33 (0.08–1.41) .135

iri 18 [85.7] (63.7–97.0)

8q23(–) ox 29 [64.4] (48.8–78.1) 0.88 (0.39–2.01) .766

iri 39 [67.2] (53.7–79.0)

8q24.1(+) ox 20 [62.5] (43.7–78.9) 0.42 (0.13–1.31) .134

iri 24 [80.0] (61.4–92.3)

8q24.1(–) ox 29 [67.4] (51.5–80.9) 1.00 (0.42–2.41) .992

iri 33 [67.3] (52.5–80.1)

(continued)
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categorized as a topoisomerase I inhibitor, as well as irino-
tecan, have been shown to selectively target tumor cells
with MYC overexpression [18, 19]. In contrast, Citro et al.
showed that MYC-knockdown enhanced the efficacy of

cisplatin against melanoma both in vitro and in vivo, imply-
ing that MYC confers platinum drug resistance in cancer
cells [20]. These previous reports support our results.
Although the participation of other putative oncogenes

Table 3. (continued)

Region Arm RR [ratio, %], (95% CI) Odds ratio (95% CI) Fisher p value

8q24.2(+) ox 23 [65.7] (47.8–80.9) 0.46 (0.15–1.43) .179

iri 25 [80.6] (62.5–92.5)

8q24.2(–) ox 26 [65.0] (48.3–79.4) 0.93 (0.38–2.25) .87

iri 32 [66.7] (51.6–79.6)

8q24.3(+) ox 22 [66.7] (48.2–82.0) 0.55 (0.17–1.74) .305

iri 22 [78.6] (59.0–91.7)

8q24.3(–) ox 27 [64.3] (48.0–78.4) 0.82 (0.35–1.95) .659

iri 35 [68.6] (54.1–80.9)

9q34.3(+) ox 5 [55.6] (21.2–86.3) 0.75 (0.11–5.24) .772

iri 5 [62.5] (24.5–91.5)

9q34.3(–) ox 44 [66.7] (54.0–77.8) 0.73 (0.35–1.52) .402

iri 52 [73.2] (61.4–83.1)

13q14.1(+) ox 21 [72.4] (52.8–87.3) 0.53 (0.16–1.74) .291

iri 30 [83.3] (67.2–93.6)

13q14.1(–) ox 28 [60.9] (45.4–74.9) 0.92 (0.39–2.17) .852

iri 27 [62.8] (46.7–77.0)

13q14.2(+) ox 21 [72.4] (52.8–87.3) 0.53 (0.16–1.74) .291

iri 30 [83.3] (67.2–93.6)

13q14.2(–) ox 28 [60.9] (45.4–74.9) 0.92 (0.39–2.17) .852

iri 27 [62.8] (46.7–77.0)

13q14.3(+) ox 22 [73.3] (54.1–87.7) 0.57 (0.17–1.88) .355

iri 29 [82.9] (66.4–93.4)

13q14.3(–) ox 27 [60.0] (44.3–74.3) 0.86 (0.36–2.02) .724

iri 28 [63.6] (47.8–77.6)

20q11.2(+) ox 37 [72.5] (58.3–84.1) 0.59 (0.23–1.54) .283

iri 40 [81.6] (68.0–91.2)

20q11.2(–) ox 12 [50.0] (29.1–70.9) 0.76 (0.26–2.25) .626

iri 17 [56.7] (37.4–74.5)

20q12(+) ox 38 [73.1] (59.0–84.4) 0.54 (0.20–1.44) .220

iri 40 [83.3] (69.8–92.5)

20q12(–) ox 11 [47.8] (26.8–69.4) 0.75 (0.26–2.23) .610

iri 17 [54.8] (36.0–72.7)

20q13.1(+) ox 38 [73.1] (59.0–84.4) 0.73 (0.29–1.80) .492

iri 41 [78.8] (65.3–88.9)

20q13.1(–) ox 11 [47.8] (26.8–69.4) 0.63 (0.21–1.94) .420

iri 16 [59.3] (38.8–77.6)

20q13.2(+) ox 38 [73.1] (59.0–84.4) 0.81 (0.33–1.98) .651

iri 40 [76.9] (63.2–87.5)

20q13.2(–) ox 11 [47.8] (26.8–69.4) 0.54 (0.17–1.67) .285

iri 17 [63.0] (42.4–80.6)

20q13.3(+) ox 37 [71.2] (56.9–82.9) 0.70 (0.28–1.71) .429

iri 39 [78.0] (64.0–88.5)

20q13.3(−) ox 12 [52.2] (30.6–73.2) 0.67 (0.22–2.02) .474

iri 18 [62.1] (42.3–79.3)

Abbreviations: CI, confidence interval; iri, irinotecan; ox, oxaliplatin; RR, response rate.
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involved in the sensitivity to irinotecan or resistance to
oxaliplatin, such as TRIB1 [21] and POU5F1B [22], which
are chromosomally located near MYC, cannot be excluded,
we hypothesize that MYC is the most promising positive
predictive biomarker. Further validation and functional
studies from a viewpoint of chemosensitivity are required
to determine the potential roles of these genes in patients
with mCRC.

There are some limitations in this study. First, this col-
laborative study did not include all of the randomized
patients in the WJOG4407G trial, resulting in some imbal-
ance between the two treatment arms. The iri arm showed
slightly better outcomes than the ox arm in this cohort, as
in the original trial results. These imbalances may cause
some biases. Second, multivariate analysis performed in this
study may not include all factors affecting efficacy. Addi-
tional statistical testing could minimize statistical multiplic-
ity reducing the risk of type I errors; however, these tests
may not be compulsory for an exploratory analysis such as
the one conducted in this study. Third, the screening criteria
for interaction p value set at .2 seem to be less stringent.

However, it seems acceptable to set the screening criteria
for interaction p value at .2 as an explorative study with a
small sample size. Fourth, although an alternative method
such as dividing the subjects into training and validation
sets to confirm the significance of predictive biomarkers is
possible, our sample size was too small for this approach.
The results of this study should be validated in other
cohorts. Fifth, we could not extract additionally RNA and
protein from most samples for further analyses because tis-
sues were limited and extraction of DNA was prioritized for
whole-genome CGH. The molecules contained in the chro-
mosomal region (8q24.1–q24.2) should be identified as
biomarker(s) related to efficacy of chemotherapy.

CONCLUSION

To the best of our knowledge, this is the first study to ana-
lyze the correlations between CNG and chemosensitivity
(or chemoresistance) for patients with mCRC. CNGs at
the 8q24.1–q24.2 subregions were associated with favor-
able response and survival in the patients treated with

Figure 2. A forest plot comparing patient treatment arms according to chromosomal regions for PFS (left) and OS (right).
Abbreviations: CI, confidence interval; HR, hazard ratio.

Figure 3. Kaplan–Meier plots of PFS (left) and OS (right) according to treatment and amplification status in the 8q24.1 chromo-
some region.
Abbreviations: CI, confidence interval; CNG, copy number gain; iri, irinotecan; OS, overall survival; ox, oxaliplatin; PFS,
progression-free survival.
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FOLFIRI plus bevacizumab, compared with FOLFOX plus
bevacizumab. The 8q24.1–q24.2 subregional nucleotide
sequence can be readily used as a probe, with assays as
such real-time PCR, to quantitatively analyze regional gene
copy number changes, thus allowing an option to choose
the more effective chemotherapy regimen to be used in
combination with bevacizumab in patients with mCRC, a
new therapeutic concept that warrants clinical evaluation.
We also proposed that candidate biomarker genes could
reside within these regions, and further studies to clarify
their roles in experimental models would help develop per-
sonalized treatments for patients with mCRC.
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For Further Reading:
Toshikazu Moriwaki, Shota Fukuoka, Hiroya Taniguchi et al. Propensity Score Analysis of Regorafenib Versus
Trifluridine/Tipiracil in Patients with Metastatic Colorectal Cancer Refractory to Standard Chemotherapy (REGOTAS): A
Japanese Society for Cancer of the Colon and Rectum Multicenter Observational Study. The Oncologist 2018;23:7–15;
first published on September 11, 2017.

Implications for Practice:
Previous studies of patients with metastatic colorectal cancer refractory to standard chemotherapy had demonstrated
that both regorafenib and trifluridine/tipiracil could result in increased overall survival compared with placebo, but
there are no head‐to‐head trials. This large, multicenter, observational study retrospectively compared the efficacy of
regorafenib and trifluridine/tipiracil in 550 patients with metastatic colorectal cancer refractory to standard
chemotherapy who had access to both drugs. Although no difference in overall survival was found between the two
drugs in adjusted analysis using propensity score, regorafenib showed favorable survival in patients aged <65 years,
whereas trifluridine/tipiracil was favored in patients aged ≥65 years in the subgroup analysis.
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