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Abstract

Background: Several studies have demonstrated that right-sided tumors have poorer prognosis than left-sided
tumors in patients with unresectable colorectal cancer (CRC). The predictive ability of the tumor sidedness in CRC
treated with chemotherapy in each sex is unclear.

Methods: Subjects were 964 unresectable recurrent patients treated with chemotherapy with stage ll-lll CRC after
curative resection between 2004 and 2012. Post-recurrence cancer-specific survival (CSS) for each sex was examined.

Results: Patients were 603 males (222 right-side tumors (cecum to transverse colon) and 381 left-sided tumors
(descending colon to rectum)), and 361 females (167 right-side tumors and 194 left-sided tumors). Right-sided tumors
developed peritoneal recurrences in males and females. Left-sided tumors were associated with locoregional recur-
rences in males and with lung recurrences in females. Right-sided tumors were associated with shorter post-recur-
rence CSS in both sexes. In males, multivariate analyses showed that right-sided tumors were associated with shorter
post-recurrence CSS (HR: 1.53, P<0.0001) together with the presence of regional lymph node metastasis histopatho-
logical type of other than differentiated adenocarcinoma, the recurrence of liver only, the recurrence of peritoneal
dissemination only, and relapse-free interval less than one-year. In females, multivariate analyses showed that right-
sided tumors were associated with shorter post-recurrence CSS (HR: 1.50, P=0.0019) together with advanced depth
of invasion, the presence of regional lymph node metastasis, and recurrence of liver only.

Conclusions: Primary tumor sidedness in both sexes in unresectable recurrent CRC patients treated with chemo-
therapy may have prognostic implications for post-recurrence CSS.
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Introduction

Colorectal cancer (CRC) is one of the most common
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treatment or postoperative follow-up strategies, suitable
predictive and prognostic indicators are necessary.

Recently, primary tumor sidedness is being considered
as a prognostic and predictive marker. Previous stud-
ies demonstrated that stage IV patients with right-sided
tumors had worse prognosis due to peritoneal dissemi-
nation, unresectable liver metastases, and unresectable
synchronous metastasis [2—4]. Primary tumor sidedness
stratifies outcomes in metastatic colorectal cancers; how-
ever, its prognostic value is controversial in nonmeta-
static colorectal cancers [5-8]. We previously reported
that patients with right-sided tumor have shorter cancer-
specific survival after recurrence in nonmetastatic colon
cancer [9]. Malakorn et al. reported that right-sided
colon cancer was more likely to develop multi-focal site
recurrence among 71 patients that developed recurrence,
and had worse survival after recurrence [10]. However,
the recurrence pattern has not been fully investigated in a
large-scale study.

Currently, primary tumor location is a treatment strat-
egy criterion for unresectable CRC patients in many
countries including Japan. Guidelines, such as the Euro-
pean Society for Medical Oncology, National Com-
prehensive Cancer Network, and Japanese Society for
Cancer of the Colon and Rectum guidelines [11-13],
recommend that an anti-EGFR antibody is used in left-
sided but not right-sided tumors for KRAS and BRAF
wild patients. These recommendations are based on
evidence from both individual trial findings, such as
the CRYSTAL, PRIME, PEAK, FIRE-3, CALGB 80405,
and 20,050,181 trials, and pooled data analyses [14—21].
Thus, KRAS and BRAF mutation and tumor sidedness
are useful factors for deciding treatment strategy. Moreo-
ver, microsatellite instability (MSI) and TP53 mutation
are also predictive markers for chemotherapeutic effect,
and the prevalence of MSI-high and TP53 mutation are
reported to differ by tumor location and sex [22-24]. The
present study aimed to clarify the relationship between
tumor sidedness in each sex and unresectable post-recur-
rence survival in patients with colorectal cancer treated
with chemotherapy.

Materials and methods

Study population

A total of 22,638 patients’ data were collected by The
Japanese Study Group for Follow-Up of Colorectal Can-
cer. All patients had pathologically diagnosed stage II-
III colorectal cancer and underwent curative surgery at
24 Japanese referral hospitals between January 2004 and
December 2012. Inclusion criteria were recurrent dis-
ease after curative resection of the primary tumor and
received chemotherapy, which was not palliative, without
resection of recurrent tumor. Exclusion criteria included:
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histology other than adenocarcinoma, hereditary dis-
ease, inflammatory bowel disease, multiple colorectal
cancers, multiple primary tumors, insufficient clinical
and pathological information, unknown stage informa-
tion, and unknown follow-up information. This study
was approved by the Central Institutional Review Board
(Tokyo Medical and Dental University [No. M2017-268])
and the Ethics Review Board of each institution, includ-
ing the ethics committees of the University of Tokyo
(No.3252- [13]).

Patient follow-up

Patients underwent postoperative surveillance at
3-month intervals after surgery according to the surveil-
lance protocol, as described previously [9, 13]. Regular
tumor marker assessment of serum carcinoembryonic
antigen and carbohydrate antigen 19-9 (every 3 months),
computed tomography scans (every 6 months), and colo-
noscopy examinations (every year) were performed for 5
years postoperatively. Follow-up data were recorded until
the study cutoff date of January 2019. Patient data were
extracted from the prospectively generated database of
each institute and analyzed retrospectively.

Data selection

Patients were divided into two groups according to
tumor location (right-sided tumor or left-sided tumor). A
right-sided tumor was defined as a tumor of the cecum,
ascending colon, or transverse colon. A left-sided tumor
was defined as a tumor of the descending colon, sigmoid
colon, or rectum. The following clinical factors were
assessed using medical records: sex, age, treatment year,
primary tumor location, histological type, pathological
TNM classification, stage (American Joint Committee
on Cancer classification), and the presence of adjuvant
chemotherapy. The site of recurrence and treatment
strategy was also included for patients with recurrence.

Statistical analysis

Clinicopathological features were analyzed using the
Mann-Whitney U-test for continuous variables or the
chi-square test for categorical variables. Overall survival
(OS) was determined using the records from surgery
date to death or last follow-up. Post-recurrence cancer-
specific survival was defined using the records from
recurrence after radical surgery for the primary tumor to
cancer-specific death or last follow-up. Post-recurrence
cancer-specific survival was analyzed using Kaplan-
Meier survival curves and log-rank tests. Predictive fac-
tors for post-recurrence cancer-specific survival were
assessed using: primary tumor location (left vs. right),
age (<75years vs. > 75years), depth of invasion (T1-3 vs.
T4), lymph node metastasis (absent vs. present), adjuvant
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therapy (present vs. absent), histopathological type (dif-
ferentiated vs. others), and relapse-free interval (<1year
vs. > lyear). Variables with a P-value of <0.1 in the uni-
variate analyses were further evaluated using the Cox
proportional hazards model to determine the predictive
factors. Data analyses were performed using JMP Pro
16.0 software (SAS Institute Inc., Cary, NC, USA). A P
value <0.05 was considered significant.

Results

Patient characteristics

The present study cohort comprised 964 patients
with colorectal cancer, including 603 male patients
and 361 female patients (Fig. 1). In the males, 222
(23.0%) patients had right-sided tumor and 381 (39.5%)
patients had left-sided tumor, and in the females, 167
(17.3%) patients had right-sided tumor and 194 (20.2%)
patients had left-sided tumor. Patient characteristics
are summarized in Table 1. In all cohorts, the median
of the recurrence-free interval was 1.41years. Recur-
rence sites were: liver only (1 =240, 24.9%), lung only
(n=267, 27.7%), peritoneum only (n=123, 12.8%),
extra-regional lymph node only (n=140 patients,
14.5%), locoregional only (n=120, 12.4%), anastomotic
site only (n=8, 0.8%), bone only (n=19, 2.0%), and
multiple organ recurrences (n =44, 4.6%). The median
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of the recurrence-free interval was 0.58 (interquartile
range [IQR]: 0.41-1.17) years in liver only, 1.17 (IQR:
0.67-1.92) years in lung only, 1.08 (IQR: 0.83-1.75)
years in peritoneum only, 1.33 (IQR: 0.69-2.48) years in
extra-regional lymph node only, 1.25 (IQR: 0.67-2.17)
years in locoregional only, 1.41years in anastomotic
site only, and 0.75 (IQR: 0.33-1.67) years in bone only.
These intervals were significantly different in each
organ (P<0.0001). On the other hand, there were no
differences in the median intervals between male and
female (1.0 and 1.0years, respectively, P=0.2440),
right-sided and left-sided tumor (1.0 and 1.0years,
respectively, P=0.0819), and stages II and III (1.08 and
1.0years, respectively, P=0.1922).

Male patients showed significant differences in depth
of invasion, recurrence in peritoneal dissemination only,
and locoregional only between the groups. Males with
right-sided tumor were more likely to have T4 cancer and
have recurred with peritoneal dissemination only, and
less likely to have recurred with locoregional only.

On the other hand, significant differences in female
patients were observed in age, depth of invasion, recur-
rence in lung metastasis only, peritoneal dissemina-
tion only, and bone metastasis only between the groups.
Females with right-sided tumor were more likely to be
older, have T4 cancer, and have recurred with peritoneal
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Fig. 1 Study cohort selection process. The Japanese Study Group for Follow-Up of Colorectal Cancer collected clinicopathological data from 22,638
patients with pathological stage II-lll colorectal cancer who underwent radical surgery between January 2004 and December 2012 at 24 Japanese
referral hospitals. A total of 964 patients with unresectable recurrent colorectal cancer treated with chemotherapy were included in the final study

(2004-2012, n = 964)
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Table 1 Clinicopathological features according to sex
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Male Female
Variables All Right (1=222) Left(n=381) Pvalue Right(n=167) Left(n=194) P value
Age (years) (mean+SD) 6494111 657+11.2 640+£106 0.0670  66.74+11.0 641+£116 0.0277
Depth of invasion T1-T3 570 (59.1%) 122 (54.9%) 256 (67.2%) 0.0028 77 (46.1%) 115 (59.3%) 0.0123
T4 394 (40.9%) 100 (45.1%) 125 (32.8%) 90 (53.9%) 79 (40.7%)
Lymph node metastasis Absent 278 (28.8%) 69 (31.1%) 119 (31.2%) 0.9689 41 (24.6%) 49 (25.3%) 0.877
Present 686 (71.2%) 153 (68.9%) 262 (68.8%) 126 (75.4%) 145 (74.7%)
Adjuvant therapy Absent 379 (39.3%) 91 (41.0%) 154 (40.4%) 06138 64 (38.3%) 70 (36.1%) 0.8811
Present 561 (582%) 126 (56.8%) 213 (55.9%) 101 (60.5%) 121 (62.4%)
Unknown 24 (2.5%) 5(2.2%) 14 (3.7%) 2(1.2%) 3(1.6%)
Histopathological type Differentiated 875 (90.8%) 197 (88.7%) 346 (90.8%) 04151 149 (89.2%) 183 (94.3%) 0.0749
Others 89 (9.2%) 25 (11.3%) 35(9.2%) 18 (10.8%) 11 (5.7%)
Recurrence-free interval (years) (mean£SD) 1414+125 136+1.25 1514+1.39 01873  1.2941.13 1.4141.06 03251
Recurrence pattern
Single organ
Liver Present 240 (24.9%) 64 (30.0%) 100 (27.3%) 04717 40 (25.2%) 36 (19.3%) 0.1867
Lung Present 267 (27.7%) 54 (25.4%) 104 (28.3%) 04347 36 (22.6%) 73 (39.0%) 0.0010
Peritoneal dissemination Present 123 (12.8%) 40 (18.8%) 29 (7.9%) 0.0001 36 (22.6%) 18 (9.6%) 0.0009
Extra-regional lymph node  Present 140 (14.5%) 26 (12.2%) 50 (13.6%) 06243 27 (17.0%) 37 (19.8%) 0.5022
Locoregional Present 120 (12.4%) 20 (9.4%) 68 (18.5%) 0.0023 15 (9.4%) 17 (9.1%) 09126
Anastomotic sight Present 8 (0.8%) 1(0.5%) 5(1.3%) 02746 1 (0.6%) 1 (0.5%) 0.9085
Bone Present 19 (2.0%) 3(1.4%) 12 (3.3%) 01542 0 4(2.1%) 0.0259
Multiple organs Present 44 (4.6%) 12 (5.4%) 17 (4.7%) 06042  8(4.8%) 7 (3.6%) 0.5753

SD Standard deviation

dissemination only, and less likely to have recurred with
lung only and bone only metastasis.

Post-recurrence cancer-specific survival

The median follow-up period was 43.0months, and the
5-year overall survival (OS) and post-recurrence cancer-
specific survival (CSS) were 38.3 and 19.4%, respectively
(data not shown). The OS and post-recurrence CSS of the
entire cohort, stratified by tumor location. The 5-year OS of
patients with left-sided tumor and right-sided tumor were
45.1 and 31.2%, respectively (P<0.0001). Moreover, the
5-year post-recurrence CSS of patients with left-sided tumor
and right-sided tumor were 29.1 and 15.8%, respectively
(P<0.0001). Furthermore, we investigated the prognostic
capability of sex in these survival curves. Tumor location
stratified OS and post-recurrence CSS curves in male and
female patients. The survival curves were more clearly strati-
fied in male patients than in female patients (Fig. 2).

Post-recurrent cancer-specific survival stratified by tumor
location according to recurrence site

Metastatic organ site is a potent prognostic factor; thus,
we focused on the differences in organ-specific sur-
vival rate in post-recurrent CCS in each sex. The 3-year

post-recurrence CSS rates of male patients among
those with left-sided tumor and right-sided tumor
were 48.3 and 24.4% in liver only (P=0.0022), 63.8 and
48.2% in lung only (P=0.0126), 29.0 and 31.5% in peri-
toneal dissemination only (P=0.7467), 55.7 and 49.3%
in extra-regional lymph node only (P=0.4241), 65.6
and 0% in bone only (P=0.0127), and 66.1 and 28.4%
in either locoregional or anastomotic only (?=0.0007),
respectively (Fig. 3). On the other hand, the 3-year
post-recurrence CSS rates of female patients among
those with left-sided tumor and right-sided tumor
were 45.9 and 19.8% in liver only (P=0.0465), 51.6
and 42.3% in lung only (P=0.0884), 47.3 and 34.2% in
peritoneal dissemination only (P=0.2373), 53.1 and
57.2% in extra-regional lymph node only (P=0.8861),
100% and not applicable (no patient) in bone only
(P=0.0210), and 66.4 and 35.9% in either locoregional
or anastomotic only (P=0.0210), respectively (Fig. 4).
In multiple organ recurrence patients, tumor location
did not stratify significantly in post-recurrence CSS;
the 3-year post-recurrence CSS rates among those with
left-sided tumor and right-sided tumor in male and
female were 39.7 and 33.3% (P=0.9950) and 51.4 and
46.9% (P=0.8118), respectively.
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Fig. 2 Correlation among left-sided and right-sided tumors and overall survival (OS) and post-recurrence cancer-specific survival (CSS) according
to sex.a OS curves in males stratified according to tumor sidedness (5-year OS for left-sided tumors 45.8%, right-sided tumors 30.0%). b
Post-recurrence CSS curves in males stratified according to tumor sidedness (5-year post-recurrence CSS for left-sided tumors 27.7%, right-sided
tumors 14.2%). ¢ OS curves in females stratified according to tumor sidedness (5-year OS for left-sided tumors 43.6%, right-sided tumors 31.8%). d
Post-recurrence CSS curves in females stratified according to tumor sidedness (5-year post-recurrence CSS for left-sided tumors 31.8%, right-sided

(b) Post-recurrence CSS in males
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Factors affecting post-recurrence cancer-specific survival

in each sex

Tables 2 and 3 show the results of univariate and mul-
tivariate analyses of factors affecting post-recurrence
CSS in male and female patients. Among male patients,
right-sided tumor was an independent risk factor (haz-
ard ratio, 1.53; 95% confidence interval (CI) 1.31-1.80;
P<0.0001) together with the presence of regional
lymph node metastasis (HR: 1.47; 95% CI 1.23-1.76;
P<0.0001), histopathological type of other than differ-
entiated adenocarcinoma (HR: 1.55; 95% CI 1.18-2.03;
P=0.0014), the recurrence of liver only (HR: 1.33; 95%

CI 1.09-1.63; P=0.0059), the recurrence of perito-
neal dissemination only (HR: 1.52; 95% CI 1.19-1.94;

P=0.0007), and relapse-free interval less than one-

year (HR: 1.30; 95% CI 1.10-1.54; P=0.0019). On the
other hand, among female patients, multivariate analy-
ses showed that right-sided tumors were associated
with shorter post-recurrence CSS (HR: 1.50; 95% CI
1.16-1.94; P=0.0019) together with advanced depth
of invasion (HR: 1.61; 95% CI 1.24-2.09; P=0.0004),
the presence of regional lymph node metastasis (HR:
1.38; 95% CI 1.02—-1.87; P=0.0366), and recurrence of
liver only (HR: 1.57; 95% CI 1.16-2.13; P=0.0036).
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Single recurrence site post-recurrence CSS stratified by tumor location in males
(a) Liver (b) Lung (c) Peritoneal dissemination
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Fig. 3 Correlation among left-sided and right-sided tumors and post-recurrence cancer-specific survival (CSS) in males according to single organ
recurrence in: (a) liver, (b) lung, (c) peritoneum, (d) extra-regional lymph node, (f) locoregional or anastomotic site, and (g) bone metastasis.
Kaplan-Meier curves in the liver (a), lung (b), locoregional or anastomotic site (e), and bone (f) metastasis were significantly stratified according to
tumor sidedness. Tumor-sidedness did not stratify other Kaplan-Meier curves in peritoneal (c) and extra-regional lymph node (d) metastasis
Discussion In the present study, CSS after recurrence depended

The present study analyzed post-recurrence CSS in  on recurrent organs, which was in line with a pre-
pathologically diagnosed stage II-III colorectal cancer, vious study [28]. However, the recurrence pattern
focused on sex and recurrence sites. Multivariable anal- among male and female patients has not been fully
ysis showed that post-recurrence CSS was significantly  investigated in a large cohort. A previous study dem-
lower in those with right-sided tumor among both male  onstrated that right-sided tumors had more favora-
and female patients. Thus, primary tumor location ble peritoneal recurrence compared with left-sided
should be considered for treatment strategy and clinical ~ tumors [9, 29], this study also found the same trend
practice, regardless of sex. in both sexes. Locoregional recurrence was observed

In the present study, the recurrence-free interval in  more frequently in left-sided tumors in males. Anas-
each organ was different, the intervals of liver metas- tomotic leakage after colorectal surgery increases
tasis and anastomotic site recurrence were shorter than  mortality, and males and rectal cancer have been
other metastatic sites. The recurrence-free interval reported to be risk factors due to the smaller pelvis
in each organ in the present study was shorter than a  and more substantial muscular wall in males in a large
previous study [25]. An unresectable recurrent status  cohort study, which is supportive to our results [30].
may be more aggressive than a resectable recurrent sta-  The recurrence ratio in lung was higher in left-sided
tus because short recurrence-free survival, especially tumors among females, which is in line with previous
shorter than 1 year, was demonstrated to be a negative  large cohort studies [31, 32], and being female was the
predictive factor for several malignancies including only adverse prognostic indicator for the development
colorectal, rectal, and gastric cancer [25-27]. of lung metastasis [32].
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Fig. 4 Correlation among left-sided and right-sided and post-recurrence cancer-specific survival in females according to single organ recurrence
in (@) liver, (b) lung, (c) peritoneum, (d) extra-regional lymph node, (f) locoregional or anastomotic site, and (g) bone metastasis. According to tumor
sidedness, Kaplan-Meier curves in the liver (@) and locoregional or anastomotic site (e) metastasis were significantly stratified. Tumor-sidedness did
not stratify other Kaplan-Meier curves in the lung (b), peritoneum (c), extra-regional lymph node (d), and bone (f) metastasis

Table 2 Univariate and multivariate analyses of prognostic variables for post-recurrence cancer-specific survival in males

Univariate analysis

Multivariate analysis

HR 95% Cl P value HR 95% Cl Pvalue
Primary tumor location Left vs. Right 1.72 141-2.11 <0.0001 1.53 1.31-1.80 <0.0001
Age (years) < 75vs.>75 1.49 1.10-1.81 0.0076 1.19 0.98-1.46 0.0853
Depth of invasion T1-3vs. T4 1.08 0.86-1.33 0.4806
Regional lymph node metastasis Absent vs. Present 144 1.16-1.81 0.0012 147 1.23-1.76 <0.0001
Histopathological type Differentiated vs. Others 141 1.09-1.84 0.0100 1.55 1.18-2.03 0.0014
Recurrence of liver only Absent vs. Present 1.36 1.14-1.61 0.0005 133 1.09-1.63 0.0059
Recurrence of lung only Absent vs. Present 1.25 1.05-1.49 0.0111 0.96 0.79-1.17 0.6682
Recurrence of peritoneal dissemination only Absent vs. Present 1.55 1.24-193 0.0001 1.52 1.19-1.94 0.0007
Recurrence of extra-regional lymph node only Absent vs. Present 0.85 0.69-1.05 0.1409
Recurrence of bone only Absent vs. Present 1.15 0.70-1.88 0.5920
Recurrence of locoregional only Absent vs. Present 0.80 0.62-1.03 0.0786
Recurrence of anastomosis only Absent vs. Present 0.97 0.46-2.05 0.9448
Number of recurrent organs Single vs Multiple 1.38 0.97-1.96 0.0716
Relapse-free interval (years) >10vs.< 10 142 1.21-1.66 <0.0001 1.30 1.10-1.54 0.0019

HR Hazard ratio, C/ Confidential interval
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Table 3 Univariate and multivariate analyses of prognostic variables for post-recurrence cancer-specific survival in females

Univariate analysis Multivariate analysis

HR 95% ClI P value HR 95% ClI Pvalue
Primary tumor location Left vs. Right 1.54 1.19-1.98 0.0009 1.50 1.16-1.94 0.0019
Age (years) < 75vs.>75 040 0.83-1.60 0.3970
Depth of invasion T1-3vs. T4 1.60 1.23-2.07 0.0004 161 1.24-2.09 0.0004
Regional lymph node metastasis Absent vs. Present 1.38 1.02-1.87 0.0342 1.38 1.02-1.87 0.0366
Histopathological type Differentiated vs. Others 1.16 0.74-1.84 0.5155
Recurrence of liver only Absent vs. Present 1.64 1.22-2.19 0.0009 1.57 1.16-2.13 0.0036
Recurrence of lung only Absent vs. Present 0.88 0.67-1.15 0.3463
Recurrence of peritoneal dissemination only Absent vs. Present 1.32 0.94-1.86 0.1099
Recurrence of extra-regional lymph node only Absent vs. Present 0.86 0.62-1.18 0.3453
Recurrence of bone only Absent vs. Present 0.50 0.07-3.55 0.4854
Recurrence of locoregional only Absent vs. Present 0.70 044-1.12 0.1392
Recurrence of anastomosis only Absent vs. Present 0.88 0.22-3.57 0.8632
Number of recurrent organs Single vs Multiple 1.15 0.57-2.33 0.6940
Relapse-free interval (years) >10vs.< 10 1.32 1.02-1.70 0.0354 1.16 0.89-1.51 0.2699

HR Hazard ratio, C/ Confidential interval

Several factors have been proposed to affect survival
between right-sided and left-sided tumors. First, the
proximal colon from the cecum to two-thirds of the
oral side of the transverse colon (right-sided) is derived
from the embryonic midgut, and the distal third of the
transverse colon to the rectum (left-sided) is derived
from the embryonic hind-gut [21]. Second, their func-
tion is different as the right-sided colon mainly absorbs
water, whereas the left-sided colon facilitates the pas-
sage of bowel contents. Third, there was a difference
in gut microbiota composition. Prevotella, Pyramido-
bacterium, Selenomonas, and Peptostreptococcus were
identified at relatively higher abundance in right-sided
CRC, whereas Fusobacterium, Escherichia/Shigella, and
Leptotrichia were relatively abundant in left-sided CRC
[33]. Fusobacterium nucleatum was reported to pro-
mote chemoresistance by modulating autophagy [34].
Fourth, there are genetic differences between right-sided
and left-sided tumors, such as KRAS, BRAF, microsatel-
lite instability (MSI), and TP53, and their prevalence are
associated with sex [35, 36]. KRAS mutation and BRAF
V600E mutation are associated with a poor prognosis,
as they are predictive markers of resistance to epidermal
growth factor-targeted antibodies [37, 38]. Furthermore,
BRAF mutation was observed more frequently in females
and proximal tumors [22]. MSI-high cancer is associ-
ated with the proximal colon and females, and is a pre-
dictive marker for fluoropyrimidine/oxaliplatin first-line
chemotherapy [23]. Significantly, the rates of TP53 muta-
tions increase as they are located distally [39], and TP53
mutation is more frequent in sporadic cancers among
males than females [24]. Metastatic CRC patients with

TP53 mutation who received chemotherapy had shorter
survival [40]. These findings suggest that tumor-specific
molecular changes are different among tumor locations
as well as between the sexes.

Tumor-specific molecular changes and different biolog-
ical molecular factors between males and females likely
affect the chemotherapeutic effect. Sex differences con-
tribute to innate and adaptive immunological responses,
and several factors, including hormonal mediators, sex
chromosomes, metabolic and bacterial mediators, and
environmental mediators, influence the development
process of the malignancies and therapeutic response of
anticancer drugs [41]. A large population-based study
demonstrated that females were an adverse independent
predictor of survival in colon, rectal, and other cancers
[42]. Another reason is that sex is related to differences
in the toxicity of chemotherapeutic agents. Females are
likely to experience severe toxicity with fluorouracil-
based chemotherapy and oxaliplatin-based chemother-
apy [43-45]. However, several recent large-scale studies
demonstrated that females had significantly improved
survival while experiencing more gastrointestinal toxici-
ties in oesophagogastric cancer, lung cancer, and Hodg-
kin’s lymphoma [46—48].

These reports motivated us to investigate our hypoth-
esis that the chemotherapeutic effects were affected by
tumor location and sex. Our findings reveal that pri-
mary tumor sidedness is a promising prognostic indi-
cator, regardless of sex, for unresectable colorectal
cancer treated with chemotherapy. Our findings sug-
gest that although sex differences may have contributed
to treatment efficacy, the clinical implication was likely
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to be less than primary tumor-sidedness in clinical use.
Further investigations into the associations between
sex and molecular markers, including RAS, BRAF, and
MS]I, are needed.

This study has several limitations due to its retrospec-
tive nature. First, due to the 9-year study period, treat-
ment strategies, such as chemotherapeutic regimens, have
changed; thus, this study may not be fully reflective of
current medical practice. Second, medical records about
detailed treatment strategies, including chemotherapy
regimen and dose and adverse events, were not obtained.
Treatments for recurrence may have been based on the
Japanese Society for Cancer of the Colon and Rectum
(JSCCR) Guidelines 2005 for treatment of colorectal can-
cer [49]. First-line therapy may have been mostly L-OHP
or CPT-11-based regimen; however, this study lacks these
data, which may influence the results. Third, no data were
available regarding molecular marker statuses, includ-
ing RAS, BRAF, MSI, and TP53, which could potentially
explain the prognostic differences between right-sided
and left-sided tumors. Nevertheless, the present study is
the first to demonstrate that tumor sidedness is an inde-
pendent prognostic factor for unresectable recurrent
colorectal cancer regardless of treatment strategy.

Conclusions

Our findings demonstrated that right-sided tumors were
associated with shorter cancer-specific survival than
left-sided tumors; thus, tumor-sidedness should be con-
sidered a stratification parameter in further studies for
recurrent unresectable CRC.
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