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Introduction

Cancer is the main global public health problem and is 
also the second primary cause of death in the USA (1). 
Colorectal cancer (CRC) is one of the most common 
malignant tumours in the United States. In terms of 
incidence, CRC is the third most common cancer, with an 

estimated 78,300 new cases (9% of all new cancers) and 
69,650 new cases (8% of all new cancers) in the male and 
female population in 2020 (1). In terms of mortality, CRC is 
the third most common cause of cancer death, with a total 
of 28,630 deaths (9% of all cancers) and 24,570 deaths (9% 
of all cancers) expected in males and females in 2020 (1). 
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Although the morbidity and mortality of CRC rank third 
in both males and females in the estimated data, there are 
some differences between the sexes. In the vast majority 
of cancers, there are some differences between males and 
females in morbidity and prognosis, which may be the 
reason why cancer data of males and females are separated.

The influence of sex on CRC has also been a hot topic 
in recent years. Several studies have shown that sex is an 
independent prognostic factor for CRC and that females 
generally have longer survival times than males (2-8). 
Compared to males of all ages, females are less likely to 
be diagnosed with CRC (9,10). In addition, one study 
looked at cumulative 10-year incidence and mortality 
of CRC reached among men at ages 50, 55, and 60, 
and found that women mainly reached equivalent levels 
when 4 to 8 years older (11). There are several probable 
explanations that sex differences in CRC extend to 
environmental influence, tumour biology, and therapeutic 
response (12). Postmenopausal hormone use has been 
linked to a 40% reduction in CRC in the Women’s Health 
Initiative trial (13). Use of hormone replacement therapy 
was associated with a statistically significant improved 
survival and reduced risk from colon cancer (14,15). The 
clinicopathologic features of tumours may be different 
between males and females. There is also evidence that 
women are more likely to develop right-sided colon cancer 
with microsatellite instability (16,17). Furthermore, some 
reports suggest that females present at a more advanced 
stage of cancer (18) on average. All aforementioned 
differences should be taken into account as confounding 
factors.

We selected patients aged 60 years and over (menopause) 
and patients with stage T1-4N0M0 for analysis after 
stratification of the primary tumour site. Our aim was to 
assess the prognostic effect of sex on survival after reduce 
of known confounding factors. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/tcr-20-3421).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Between 
2004 and 2016, patients diagnosed with malignant primary 
CRC were included in the study. The disease was defined 
by International Classification of Diseases for Oncology, 

third edition (ICD-O-3) codes (18.0, 18.2–18.7, 19.9 and 
20.9). All patients who were diagnosed with CRC at or 
above the age of 60 underwent primary tumour resection. 
The patients were excluded from this study population if 
they (I) died within 30 days after tumour resection; (II) 
had Tis, N1, N2 or M1 cancer; (III) history or previous 
cancer; or (IV) lacked records of pathological stage, follow-
up or histological subtype. These cases were organized 
by Surveillance, Epidemiology, and End Results (SEER)’s 
coding schemes. On the basis of the primary location of 
the tumour, patients were divided into three groups. This 
study contains only T1-T4N0M0 CRC, so we define it 
as localized-stage CRC. Right-sided colon cancers were 
defined as those arising from the caecum (C18.0), ascending 
colon (C18.2), hepatic flexure of the colon (C18.3) or 
transverse colon (C18.4); left-sided colon cancer was 
defined as those arising from the splenic flexure of colon 
(C18.5), descending colon (C18.6), and sigmoid colon 
(C18.7); rectum cancers were defined as those developing 
from the rectosigmoid junction (C19.9) or rectum (C20.9).

Data collection

This study population was assembled from the National 
Cancer Institute’s SEER Program. SEER data include 
cancer cases from different locations and sources across 
the United States. Only a limited number of registration 
agencies have been collected since 1973. The dataset 
continues to broaden by including more geographic areas 
and demographic groups. It covers approximately 28% 
of the US. population and includes data from various 
geographic areas, including incidence, prevalence, mortality, 
population-based variable quantities, main characteristics 
of the tumour, and other attributes. SEER*Stat software 
version 8.3.6 was used to gather the main data.

Statistical analysis

The chi-square test was used to compare the baseline 
characteristics of males and females. Overall survival 
outcomes were estimated with the Kaplan-Meier (KM) 
method, and the differences between survival were 
compared by the log-rank test. A total of ten variables 
including sex, age, race, histological grade, chemotherapy, 
marital status, histology, radiotherapy, pT category and 
primary site, which were used in Univariate COX regression 
analysis. Multivariable Cox regression was used to calculate 
hazard ratios (HRs) and 95% confidence intervals (CIs). 

http://dx.doi.org/10.21037/tcr-20-3421
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All analyses were double-sided, and a P value lower than 
0.05 was deemed statistically significant. All analyses 
were performed using the statistical software STATA® 8.0 
(STATA Inc., College Station, TX, USA).

Results

Demographic characteristics of male and female CRC in 
localized-stage CRC

We obtained a dataset that included 70,836 cases of CRC 
in males and 69,705 cases of T1-4N0M0CRC in females. 
The characteristics of CRC and the chi-square test for 
comparison of male and female CRC are shown in Table 1. 
We found significant differences in age, race, histological 
grade, chemotherapy, marital status, histology, radiation, 
pT category and primary site (each P<0.001). Compared 
with males, females more often had age ≥75 years (55.1% 
vs. 44%), right-sided colon cancer (56.8% vs. 45.4%), and 
more advanced pT stage cancer (75.5% vs. 72%).

Influence of sex on OS after stratification by pT stage in 
T1-3N0M0CRC

There was a significant difference in survival between 
males [Median Survival Time (MST): 124m] with 
CRC and females (MST: 130m) with CRC in the T1 
category (P<0.001, Figure 1A). There were similar 
significant differences in the T2 (MST: 107m in Males 
vs. 113 m in Females) and T3 (MST: 89 m in Males 
vs. 98 m in Females) categories (P<0.001, Figure 1B; 
P<0.001, Figure 1C). In the T4 category, we discovered 
no difference in survival between male (MST: 54 m) CRC 
and female (MST: 54m) CRC (P=0.784, Figure 1D). In 
consideration of the above outcomes, we held T4 CRC 
out of our analyses. The multivariable Cox regression 
(Table 2) showed that sex was an independent prognostic 
factor in overall T1-3N0M0 CRC (HR =0.716; 95% CI, 
0.703–0.730; P<0.001). At the same time, the remaining 
variables are independent prognostic factors, including 
age, race, histological grade, chemotherapy, marital status, 
histology, radiotherapy, pT category and primary site.

Influence of sex on OS after stratification by primary site 
in T1-3N0M0CRC

T1N0M0 category 
In right-sided colon cancer, there was no significant differences 

in survival between male and female (P<0.066, Figure 2A).  
In left-s ided colon and rectal  cancer,  there were 
significant differences in survival between male and female 
(P<0.001, Figure 2B; P<0.001, Figure 2C).  

T2N0M0 category 
Within right-sided colon, left-sided colon or rectum 
cancers, we discovered significant differences in survival 
between male and female patients (P<0.001, Figure 2D,E,F). 

T3N0M0 category 
We discovered significant differences in survival between 
male patients and female patients with right-sided colon 
and left-sided colon cancer (P<0.001, Figure 2G,H). In 
the rectum, there was no significant differences in survival 
between male and female (P=0.183, Figure 2I).

Multivariable Cox regression
In T1N0M0 category, we discovered significant differences 
of in multivariable Cox regression (Table S1), and sex and 
remaining variables in table were shown to be independent 
prognostic factors in right-sided colon cancer (HR =0.74, 
95% CI, 0.70–0.79, P<0.001, Figure 3), left-sided colon 
cancer (HR =0.73, 95% CI, 0.71–0.76, P<0.001, Figure 3) 
and rectal cancer (HR =0.69, 95% CI, 0.64–0.74, P<0.001, 
Figure 3); In T2N0M0 category, we also discovered the 
same significant difference in multivariable Cox regression 
(Table S2), where sex and remaining variables in table were 
shown to be independent prognostic factors in right-sided 
colon, left-sided colon and rectal cancer (HR =0.71, 95% 
CI, 0.68–0.75, P<0.001; HR =0.68, 95% CI, 0.62–0.74, 
P<0.001; HR =0.71, 95% CI, 0.66–0.77, P<0.001, Figure 3);  
In T3N0M0 category, we also discovered that sex and 
remaining variables in table were independent prognostic 
factors in right-sided and left-sided colon cancer (HR =0.72, 
95% CI, 0.70–0.75, P<0.001; HR =0.71, 95% CI, 0.67–0.75, 
P<0.001, Figure 3, Table S3). But we found that sex is not 
an independent prognostic factor in T3N0M0 rectal cancer. 
In T4N0M0 category, we didn’t discover the significant 
difference in multivariable Cox regression in right-sided 
colon, left-sided colon and rectal cancer (HR =0.97, 95% 
CI, 0.93–1.02; HR =0.96, 95% CI, 0.92–1.01; HR =0.99, 
95% CI, 0.94–1.05, Figure 3).

Influence of sex and postoperative chemotherapy on OS in 
rectum of T3N0M0

In order to explore the reason why sex could not distinguish 

https://cdn.amegroups.cn/static/public/TCR-20-3421-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-3421-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-3421-supplementary.pdf
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Table 1 Characteristics of males and females CRC

Variable Males, n (%) Females, n (%) P

Age, years <0.001

60–64 12,235 (17.3) 8,918 (12.8)

65–69 13,988 (19.7) 10,927 (15.7)

70–74 13,443 (19.0) 11,481 (16.5)

75–79 12,780 (18.0) 12,792 (18.4)

80–84 10,394 (14.7) 12,578 (18.0)

>84 7,996 (11.3) 13,009 (18.7)

Race <0.001

Black 6,443 (9.1) 6,878 (9.9)

White 58,791 (83.0) 57,573 (82.6)

Other 5,271 (7.4) 5,008 (7.2)

Unknown 331 (0.5) 246 (0.4)

Histological grade <0.001

Well 8,575 (12.1) 7,815 (11.2)

Moderately 50,272 (71.0) 47,877 (68.7)

Poorly 6,625 (9.4) 8,961 (12.9)

Undifferentiated 894 (1.3) 1,348 (1.9)

Unknown 4,470 (6.3) 3,704 (5.3)

Chemotherapy <0.001

Performed 9,607 (13.6) 7,157 (10.3)

None/unknown 61,229 (86.4) 62,548 (89.7)

Marital status <0.001

Single 7,275 (10.3) 6,826 (9.8)

Married 46,879 (66.2) 26,637 (38.2)

Widowed 13,158 (18.6) 32,404 (46.5)

Unknown 3,524 (5.0) 3,838 (5.5)

Histology <0.001

AC 64,160 (90.6) 61,381 (88.1)

MC 5,018 (7.1) 6,195 (8.9)

SRCC 254 (0.4) 352 (0.5)

Other 1,404 (2.0) 1,777 (2.5)

Radiotherapy <0.001

None/unknown 64,560 (91.1) 65,739 (94.3)

Before surgery 2,133 (3.0) 1,568 (2.2)

After surgery 4,143 (5.8) 2,398 (3.4)

Table 1 (continued)
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Table 1 (continued)

Variable Males, n (%) Females, n (%) P

pT category <0.001

T1 19,866 (28.0) 17,060 (24.5)

T2 14,954 (21.1) 15,142 (21.7)

T3 31,654 (44.7) 32,009 (45.9)

T4 4,362 (6.2) 5,494 (7.9)

Primary site <0.001

Right-sided colon 32,175 (45.4) 39,569 (56.8)

Left-sided colon 20,701 (29.2) 17,051 (24.5)

Rectum 17,960 (25.4) 13,085 (18.8)

AC, adenocarcinoma; MC, mucinous adenocarcinoma; SRCC, signet ring cell carcinoma.

the prognosis among T3N0M0 rectum patients, we 
further conducted subgroup analyses. Taking all tumours 
of the T3N0M0 rectum category (Figure 4), patients with 
postoperative chemotherapy had a better survival benefit 
than individuals without postoperative chemotherapy 
among females (P<0.001) or males (P<0.001). In addition, 
there was no significant difference in survival between males 
and females without postoperative chemotherapy (P=0.634). 
However, we found that females had a better survival 
benefit than males in the T3N0M0 rectumcategory with 
postoperative chemotherapy (P<0.001). 

Influence of sex on OS stratified by age/race/histology in 
T1-3N0M0CRC

In six different age groups (Table S4), we found that females 
had a better survival benefit than males regardless of age 
and T category (each HR <1, each P<0.001). Meanwhile, 
in patients of the white race (Table S4), we found that 
females had a better survival benefit than males in the T1, 
T2 and T3 categories (HR =0.933, 95% CI, 0.897–0.970, 
P<0.001; HR =0.910, 95% CI, 0.875–0.947, P<0.001; 
HR =0.935, 95% CI, 0.911–0.959, P<0.001). Moreover, 
in different groups of histological types (Table S4), we 
found that females had a survival benefit over males among 
adenocarcinoma histological type patients in the T1, T2 
and T3categories (respectively, HR =0.926, 95% CI, 0.893–
0.960, P<0.001; HR =0.895, 95% CI, 0.861–0.930, P<0.001; 

HR =0.902, 95% CI, 0.880–0.926, P<0.001).

Discussion

CRC is one of the most common cancers all over the 
world (1). There are many differences between males and 
females in morbidity, mortality, prognosis, and biological 
behaviour for most cancers (19-24). The sex differences 
in cancer survival have attracted great attention because 
they may be a signal of basic biological differences 
between males and females in cancer pathogenesis and 
treatment response, which can be incorporated into 
management strategies (25,26). Therefore, sex differences 
are an essential research direction in tumour research. 
Interestingly, females seem to have better outcomes in 
most tumours, such as low morbidity, low mortality, and 
better prognosis. Moreover, a systematic review indicated 
that female patients also often have a survival advantage 
over male patients in many cancers (27). Among the sex 
differences in some cancer manifestations, researchers 
have found that some may be related to male occupational 
and environmental exposures (28). Nevertheless, in many 
circumstances, despite the control of environmental and 
genetic factors, the sex differences found in many cancers 
remain unexplained (29,30). Our study focused on the 
prognostic impact of sex on localized CRC. CRC is one 
of the most common malignant tumors in the U.S. It is 
the third most common tumour in both male and female 

https://cdn.amegroups.cn/static/public/TCR-20-3421-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-3421-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-20-3421-supplementary.pdf
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Figure 1 Kaplan-Meier comparison of overall survival among localized-stage CRC patients with males and females stratified by T category. 
(A) Patients in T1 category; (B) patients in T2 category; (C) patients in T3 category; (D) patients in T4 category.
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Table 2 Prognostic factors in COX proportional hazard model

Variable
Univariate analysis

P
Multivariate analysis

P
HR 95% CI HR 95% CI

Sex* <0.001 <0.001

Male 1 1

Female 0.93 0.91–0.94 0.72 0.70–0.73

Age, years* <0.001 <0.001

60–64 1 1

65–69 1.35 1.30–1.41 1.37 1.31–1.43

70–74 1.88 1.81–1.96 1.91 1.84–1.99

75–79 2.73 2.63–2.84 2.79 2.68–2.89

80–84 3.94 3.79–4.09 3.98 3.83–4.13

>84 6.11 5.88–6.34 6.11 5.87–6.35

Table 2 (continued)
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Table 2 (continued)

Variable
Univariate analysis

P
Multivariate analysis

P
HR 95% CI HR 95% CI

Race* <0.001 <0.001

Black 1 1

White 0.99 0.96–1.02 0.83 0.81–0.86

Other 0.71 0.68–0.75 0.66 0.63–0.69

Unknown 0.13 0.09–0.19 0.16 0.11–0.23

Histological grade* <0.001 <0.001

Well 1 1

Moderately 1.13 1.10–1.16 1.03 1.00–1.06

Poorly 1.32 1.27–1.37 1.10 1.06–1.14

Undifferentiated 1.29 1.19–1.40 1.12 1.03–1.21

Unknown 1.02 0.96–1.07 1.13 1.08–1.18

Chemotherapy* <0.001 <0.001

Performed 1 1

None/unknown 1.35 1.31–1.39 1.12 1.07–1.17

Marital status* <0.001 <0.001

Single 1 1

Married 0.81 0.78–0.83 0.75 0.728–0.78

Widowed 1.26 1.22–1.30 0.96 0.930–0.99

Unknown 0.89 0.85–0.94 0.82 0.783–0.87

Histology* <0.001 <0.001

AC 1 1

MC 1.20 1.16–1.23 1.07 1.04–1.11

SRCC 1.24 1.09–1.41 1.05 0.93–1.20

Other 0.82 0.77–0.88 0.97 0.90–1.04

Radiotherapy* <0.001 <0.001

None/unknown 1 1

Before surgery 0.96 0.91–1.01 1.12 1.05–1.19

After surgery 0.78 0.75–0.81 0.96 0.90–1.02

pT category* <0.001 <0.001

T1 1 1

T2 1.19 1.16–1.22 1.06 1.03–1.09

T3 1.45 1.42–1.48 1.27 1.24–1.30

Primary site* <0.001 <0.001

Right colon 1 1

Left colon 0.92 0.90–0.94 1.11 1.08–1.13

Rectum 0.89 0.88–0.91 1.18 1.15–1.21

All variables were used in univariate analysis. *Variables significantly associated with survival were included in the multivariate analysis. 
AC, adenocarcinoma; MC, mucinous adenocarcinoma; SRCC, signet ring cell carcinoma; HR, hazard ratio; CI, confidence interval.
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Figure 2 Kaplan-Meier comparison of overall survival among T1-3N0M0 CRC patients with males and females stratified by T category 
and primary site. (A) Right colon in T1 category; (B) left colon in T1 category; (C) rectum in T1 category; (D) right colon in T2 category; 
(E) left colon in T2 category; (F) rectum in T2 category; (G) right colon in T3 category; (H) left colon in T3 category; (I) rectum in T3 
category.

patients. The estimated new cases in 2020 will be 78,300 
in males and 69,650 in females. Among all tumors, the 
mortality rate of CRC ranks third among males and females. 
The data for 2020 projected deaths are 28,630 male patients 
and 24,570 female patients. Although the morbidity and 
mortality of CRC rank third in both male and female 
patients, there are some differences in their morbidity, 
mortality and prognosis. The influence of sex on CRC has 
also been a hot topic in recent years. In 2001, a German 
study surveyed nearly 900 patients and concluded that 
being female was related to improved long-term survival 
in rectal cancer (6). In 2003, a similar study evaluated  
3,200 cases and found that females had a survival benefit 
in CRC (5). More studies have indicated that sex is an 
independent prognostic factor in CRC, and females 
usually live longer than males (2-8). Other studies 

indicated that females improved OS compared with males 
(3,5,31,32). Compared to males of all ages, females are less 
likely to have CRC (9,10). In fact, their risk is equivalent 
to that of males 4 to 8 years younger (11). Meanwhile, OS 
of female is better in primary disease, even if the age of 
female at the diagnosis was higher than male. Thus, the 
effect of sex on CRC is well recognized. Although a large 
number of studies have shown that the female prognosis is 
better than male prognosis in many cases, there were many 
confounding factors that resulted in the better outcomes 
of women than men in these studies.

Therefore, the purpose of our research is to see whether 
the female superiority over males remains after controlling 
for confounding factors. There are several explanations 
for the sex differences in CRC, including environmental 
influence, tumour biology, and therapeutic response. First, 
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hormones may be one reason. Postmenopausal hormone 
use has been linked to a 40% reduction in CRC in the 
Women's Health Initiative trial (13). This link between 
hormone replacement therapy and colon cancer prevention 
is in line with former reports (14,15). Therefore, we believe 
that oestrogen may be a confounding factor, so our study 
cohort included only menopausal women. Menopause is 
usually defined as 12 months of amenorrhea in females over 
45 years of age. It usually starts between 45 and 55 years 
of age, with an average age of 50.5 years (33). However, 
there are women who go into menopause after age 55 (34).  

Based on the above, we only selected patients aged 60 
years and older to form our study cohort to ensure that all 
female patients were postmenopausal. Next, the biological 
features of tumors may be different between males and 
females. There is evidence that females are more likely to 
develop microsatellite-unstable phenotypes of right-sided 
tumors (7,35). Furthermore, some reports suggest that 
females present at a more advanced stage of cancer (18).  
Consequently, we selected localized CRC of stage T1-
4N0M0 for analysis after stratification of the primary 
tumour site. Some studies have shown that sex, age, and 
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primary site. (A) Patients in T1 category; (B) patients in T2 category; (C) patients in T3 category; (D) patients in T4 category.
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Figure 4 Kaplan-Meier comparison of overall survival among T3N0M0 rectal cancer patients stratified by postoperative chemotherapy.

ethnicity play an important role in the OS of CRC patients. 
A review of the literature showed that we analyzed the 
largest cohort of CRC patients, and sex and age had an 
important impact on the OS of CRC patients. Therefore, 
we also conducted a detailed analysis stratified by both race 
and age.

In our analysis, we still found that females had better 
survival than males withT1-3N0M0 colon cancer and 
T1-2N0M0 rectal cancer after taking away the effects 
all available confounding factors. However, there was no 
difference in survival between sexes among T3N0M0 
rectum cancer patients. For rectum tumours with a 
postoperative pathological stage of T3N0M0, the 
preoperative clinical stage is often more advanced and may 
generally be a locally advanced stage, because these patients 
are often treated with preoperative neoadjuvant treatment. 
Adjuvant chemotherapy or observation is recommended for 
pT3N0M0 rectal cancer patients in NCCN guidelines (36).  
Adjuvant chemotherapy is often recommended for 
T3rectal cancer patients who with prognostic risk factors. 
Our results indicated that the T3N0M0 rectum cancer 
patients who underwent postoperative chemotherapy had 
a survival benefit over individuals without postoperative 
chemotherapy, regardless of sex. Meanwhile, there was 
no significant difference in survival between males and 
females without postoperative chemotherapy. However, 
we found that females had a better survival benefit than 
males in the T3N0M0 rectumcategory with postoperative 
chemotherapy. These findings might indicate that female 

may benefit more from postoperative chemotherapy than 
males in theT3N0M0 rectumcategory. Therefore, in 
addition to the existence of risk factors, sex can also be 
considered an indicator for postoperative chemotherapy in 
T3N0M0 rectum cancer. 

Although this research is based on a large number 
of samples, our research should be interpreted on the 
background of some limitations, some of which are 
intrinsic in the design of retrospective studies. Our 
results may not be representative of young patients 
with CRC. To exclude the effects of oestrogen on the 
results, we included only CRC patients aged 60 years and 
older. Information on radiotherapy and chemotherapy 
was ‘None/Unknown’, so we cannot rule out that 
some of these people had undergone radiotherapy or 
chemotherapy. Many significant clinical factors, predictive 
and prognostic biomarkers (e.g., microsatellite instability 
status), and behavioural differences (e.g., smoking, alcohol, 
diet, exercise and physical activity) were not available. In 
addition, there was no information in the SEER database 
about menopausal status or use of hormone therapy. Thus, 
there may have been some postmenopausal patients who 
were still taking oestrogen. Despite these limitations, 
our large-scale population-based research may make our 
conclusions more persuasive.

In conclusion, we found that sex was shown to be an 
independent prognostic factor in T1-3N0M0 colon cancer 
and T1-2N0M0 rectal cancer. Although a significant OS 
benefit was not observed in T3N0M0 rectal cancer in the 
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overall analysis, females who underwent postoperative 
chemotherapy had better OS than males among T3N0M0 
rectal cancer patients significantly. Hence, our findings 
indicated that sex might be a predictive and prognostic 
factor in localized-stage CRC patients.
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Table S1 Prognostic factors in COX proportional hazard model in CRC of T1 category

Variable
Right-sided colon Left-sided colon Rectum

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Sex 0.066 <0.001 <0.001 <0.001 <0.001 <0.001

Male 1 1 1 1 1 1

Female 0.949 0.897-1.004 0.739 0.696-0.785 0.939 0.910-0.970 0.73 0.705-0.756 0.866 0.809-0.927 0.688 0.639-0.740

Age, years <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

60-64 1 1 1 1 1 1

65-69 1.464 1.272-1.684 <0.001 1.498 1.301-1.723 <0.001 1.314 1.225-1.409 <0.001 1.32 1.231-1.416 <0.001 1.217 1.064-1.391 0.004 1.205 1.054-1.378 0.006

70-74 1.815 1.588-2.076 <0.001 1.869 1.634-2.137 <0.001 1.833 1.714-1.960 <0.001 1.824 1.706-1.951 <0.001 1.827 1.605-2.079 <0.001 1.803 1.583-2.054 <0.001

75-79 2.699 2.373-3.070 <0.001 2.791 2.452-3.177 <0.001 2.77 2.599-2.953 <0.001 2.786 2.613-2.971 <0.001 2.976 2.629-3.368 <0.001 2.941 2.595-3.332 <0.001

80-84 4.119 3.624-4.681 <0.001 4.225 3.711-4.810 <0.001 3.895 3.654-4.151 <0.001 3.873 3.630-4.131 <0.001 4.42 3.903-5.006 <0.001 4.42 3.894-5.016 <0.001

>84 6.636 5.836-7.547 <0.001 6.711 5.882-7.656 <0.001 6.265 5.876-6.679 <0.001 6.108 5.719-6.522 <0.001 7.411 6.521-8.421 <0.001 7.339 6.430-8.375 <0.001

Race <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Black 1 1 1 1 1 1

White 1.006 0.922-1.099 0.89 0.829 0.758-0.907 <0.001 0.932 0.885-0.982 0.008 0.813 0.772-0.857 <0.001 0.934 0.832-1.050 0.254 0.756 0.672-0.852 <0.001

Other 0.722 0.618-0.844 <0.001 0.64 0.547-0.749 <0.001 0.676 0.626-0.731 <0.001 0.648 0.599-0.701 <0.001 0.719 0.609-0.848 <0.001 0.632 0.535-0.746 <0.001

Unknown 0.055 0.008-0.388 0.004 0.067 0.009-0.478 0.007 0.114 0.063-0.206 <0.001 0.148 0.082-0.268 <0.001 0.028 0.004-0.201 <0.001 0.031 0.004-0.221 0.001

Histological 
grade

0.001 <0.001 <0.001 <0.001 0.043 0.041

Well 1 1 1 1 1 1

Moderately 1.007 0.938-1.081 0.844 1.012 0.942-1.086 0.748 1.205 1.146-1.266 <0.001 1.158 1.101-1.217 <0.001 1.135 1.035-1.245 0.007 1.048 0.954-1.150 0.33

Poorly 1.193 1.054-1.352 0.005 1.197 1.057-1.356 0.005 1.44 1.342-1.545 <0.001 1.301 1.212-1.396 <0.001 1.225 1.048-1.433 0.011 1.126 0.961-1.320 0.141

Undifferentiated 1.27 0.929-1.735 0.134 1.195 0.874-1.633 0.265 1.695 1.439-1.996 <0.001 1.621 1.375-1.911 <0.001 1.008 0.631-1.611 0.973 1.341 0.838-2.145 0.221

Unknown 1.146 1.039-1.264 0.007 1.196 1.084-1.319 <0.001 1.006 0.929-1.088 0.887 1.085 1.002-1.174 0.044 1.137 1.014-1.274 0.028 1.174 1.047-1.316 0.006

Marital status <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Single 1 1 1 1 1 1

Married 0.835 0.750-0.929 0.001 0.792 0.711-0.883 <0.001 0.79 0.748-0.834 <0.001 0.738 0.699-0.780 <0.001 0.792 0.706-0.888 <0.001 0.709 0.631-0.797 <0.001

Widowed 1.359 1.218-1.515 <0.001 1.034 0.925-1.156 0.552 1.281 1.212-1.355 <0.001 0.986 0.931-1.044 0.63 1.265 1.122-1.427 <0.001 0.934 0.826-1.056 0.277

Unknown 0.975 0.833-1.141 0.751 0.862 0.736-1.009 0.065 0.814 0.746-0.888 <0.001 0.781 0.716-0.853 <0.001 0.841 0.708-0.999 0.049 0.792 0.667-0.942 0.008

Histology 0.257 <0.001 <0.001 <0.001 0.005

AC 1 1 1 1 1

MC 1.139 0.990-1.311 0.069 1.293 1.215-1.377 <0.001 1.192 1.120-1.270 <0.001 1.448 1.163-1.803 0.001 1.168 0.937-1.455 0.167

SRCC 0.924 0.511-1.670 0.793 1.119 0.799-1.567 0.513 0.877 0.625-1.232 0.45 1.454 0.756-2.797 0.262 1.645 0.847-3.197 0.142

Other 0.91 0.715-1.158 0.441 　 　 　 0.923 0.776-1.099 0.368 1.044 0.876-1.243 0.631 0.563 0.483-0.656 <0.001 0.791 0.674-0.929 0.004

AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma; HR, Hazard ratio; CI, Confidence interval.
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Table S2 Prognostic factors in COX proportional hazard model in CRC of T2 category

Variable
Right-sided colon Left-sided colon Rectum

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Sex <0.001 <0.001 <0.001 <0.001 0.005 <0.001

Male 1 1 1 1 1 1

Female 0.914 0.870-0.962 0.713 0.675-0.753 0.855 0.789-0.926 0.680 0.624-0.740 0.900 0.836-0.969 0.713 0.658-0.773

Age, years <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

60-64 1 1 1 1 1 1

65-69 1.373 1.186-1.590 <0.001 1.398 1.207-1.619 <0.001 1.354 1.133-1.617 0.001 1.371 1.147-1.638 0.001 1.626 1.375-1.923 0.000 1.655 1.399-1.957 0.000

70-74 1.956 1.707-2.241 <0.001 2.004 1.749-2.297 <0.001 1.725 1.453-2.048 <0.001 1.734 1.460-2.059 <0.001 2.431 2.073-2.851 0.000 2.479 2.114-2.908 0.000

75-79 2.513 2.206-2.863 <0.001 2.585 2.267-2.946 <0.001 2.745 2.334-3.228 <0.001 2.801 2.380-3.297 <0.001 3.380 2.897-3.944 0.000 3.463 2.965-4.044 0.000

80-84 4.184 3.683-4.753 <0.001 4.294 3.775-4.884 <0.001 4.079 3.469-4.797 <0.001 4.161 3.533-4.902 <0.001 4.837 4.147-5.643 0.000 4.997 4.277-5.839 0.000

>84 6.336 5.581-7.193 <0.001 6.475 5.689-7.369 <0.001 6.179 5.245-7.279 <0.001 6.213 5.255-7.345 <0.001 7.926 6.776-9.271 0.000 8.359 7.119-9.814 0.000

Race <0.001 <0.001 0.076 0.017 <0.001 <0.001

Black 1 1 1 1 1 1

White 1.010 0.926-1.102 0.818 0.837 0.767-0.913 <0.001 0.978 0.853-1.122 0.752 0.813 0.707-0.934 0.003 0.860 0.749-0.987 0.032 0.745 0.648-0.857 0.000

Other 0.606 0.513-0.716 <0.001 0.565 0.478-0.668 <0.001 0.841 0.694-1.018 0.076 0.794 0.655-0.963 0.019 0.654 0.538-0.795 0.000 0.588 0.483-0.715 0.000

Unknown 0.219 0.070-0.680 0.009 0.249 0.080-0.776 0.016 0.314 0.078-1.262 0.103 0.371 0.092-1.493 0.163 0.150 0.021-1.072 0.059 0.168 0.024-1.200 0.075

Histological grade 0.199 0.796 0.321

Well 1 1 1

Moderately 1.032 0.953-1.118 0.436 1.038 0.921-1.169 0.540 1.015 0.893-1.152 0.824

Poorly 1.122 1.009-1.248 0.033 1.003 0.827-1.216 0.974 1.161 0.981-1.375 0.083

Undifferentiated 0.983 0.773-1.249 0.887 1.238 0.749-2.046 0.405 1.019 0.632-1.642 0.939

Unknown 1.110 0.926-1.331 0.260 1.149 0.867-1.524 0.334 1.012 0.820-1.250 0.911

Marital status <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Single 1 1 1 1 1 1

Married 0.818 0.745-0.898 <0.001 0.750 0.682-0.825 <0.001 0.815 0.706-0.940 0.005 0.742 0.642-0.857 <0.001 0.874 0.766-0.997 0.045 0.813 0.711-0.929 0.002

Widowed 1.258 1.145-1.382 <0.001 0.951 0.864-1.047 0.309 1.266 1.093-1.467 0.002 0.986 0.848-1.146 0.850 1.267 1.106-1.451 0.001 0.946 0.823-1.088 0.437

Unknown 0.898 0.772-1.045 0.165 0.763 0.655-0.888 <0.001 1.074 0.852-1.354 0.545 0.963 0.764-1.215 0.753 1.026 0.820-1.283 0.824 0.859 0.687-1.075 0.185

Histology 0.021 0.026 0.246 0.034

AC 1 1 1 1

MC 1.114 1.030-1.205 0.007 1.078 0.997-1.166 0.059 1.144 0.970-1.351 0.111 1.105 0.915-1.334 0.298

SRCC 0.968 0.601-1.558 0.894 0.936 0.581-1.507 0.786 1.430 0.642-3.188 0.381 2.847 1.355-5.982 0.006

Other 1.204 0.964-1.503 0.102 1.320 1.057-1.648 0.014 1.258 0.791-2.001 0.331 1.004 0.750-1.344 0.977

AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma; HR, Hazard ratio; CI, Confidence interval.



Table S3 Prognostic factors in COX proportional hazard model in CRC of T3 category

Variable

Right-sided colon Left-sided colon

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR 95%CI P HR 95%CI P HR 95%CI P HR 95%CI P

Sex <0.001 <0.001 <0.001 <0.001

Male 1 1 1 1

Female 0.904 0.876-0.933 0.721 0.696-0.746 0.885 0.845-0.927 0.708 0.674-0.745

Age, years <0.001 <0.001 <0.001 <0.001

60-64 1 1 1 1

65-69 1.36 1.243-1.489 <0.001 1.375 1.256-1.505 <0.001 1.342 1.206-1.493 <0.001 1.345 1.208-1.497 <0.001

70-74 1.798 1.652-1.956 <0.001 1.84 1.690-2.002 <0.001 1.808 1.633-2.002 <0.001 1.801 1.626-1.994 <0.001

75-79 2.663 2.458-2.885 <0.001 2.72 2.510-2.948 <0.001 2.640 2.396-2.908 <0.001 2.666 2.419-2.938 <0.001

80-84 3.658 3.383-3.956 <0.001 3.748 3.464-4.057 <0.001 3.470 3.150-3.822 <0.001 3.484 3.160-3.841 <0.001

>84 5.462 5.056-5.900 <0.001 5.581 5.158-6.038 <0.001 5.609 5.097-6.171 <0.001 5.574 5.056-6.144 <0.001

Race <0.001 <0.001 <0.001 <0.001

Black 1 1 1 1

White 1.079 1.021-1.140 0.007 0.892 0.843-0.943 <0.001 0.960 0.890-1.035 0.284 0.835 0.774-0.901 <0.001

Other 0.796 0.726-0.872 <0.001 0.719 0.656-0.788 <0.001 0.659 0.587-0.739 <0.001 0.622 0.555-0.698 <0.001

Unknown 0.278 0.139-0.558 <0.001 0.275 0.137-0.552 <0.001 0.291 0.130-0.651 0.003 0.348 0.156-0.778 <0.001

Histological grade <0.001 0.001 <0.001

Well 1 1 1

Moderately 1.034 0.972-1.100 0.285 1.051 0.963-1.147 0.261 1.079 0.989-1.178 0.087

Poorly 1.133 1.058-1.213 <0.001 1.207 1.082-1.346 0.001 1.185 1.062-1.321 0.002

Undifferentiated 1.122 0.996-1.263 0.059 1.407 1.122-1.764 0.003 1.498 1.195-1.879 <0.001

Unknown 1.163 1.024-1.320 0.02 1.390 1.159-1.667 <0.001 1.416 1.181-1.699 <0.001

Marital status <0.001 <0.001 <0.001 <0.001

Single 1 1 1 1

Married 0.788 0.744-0.834 <0.001 0.724 0.683-0.767 <0.001 0.833 0.769-0.902 <0.001 0.774 0.714-0.839 <0.001

Widowed 1.173 1.108-1.242 <0.001 0.909 0.857-0.963 0.001 1.272 1.173-1.379 <0.001 1.029 0.947-1.118 0.499

Unknown 0.959 0.875-1.051 0.373 0.822 0.750-0.901 <0.001 1.007 0.879-1.154 0.923 0.898 0.783-1.029 0.121

Histology 0.005 0.038 0.023

AC 1 1 1

MC 1.07 1.024-1.119 0.003 1.059 1.013-1.107 0.012 1.132 1.042-1.231 0.004

SRCC 1.111 0.943-1.309 0.207 1.095 0.929-1.289 0.28 0.973 0.586-1.615 0.915

Other 1.121 0.989-1.271 0.074 1.08 0.953-1.225 0.227 1.180 0.874-1.592 0.280

AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma; HR, Hazard ratio; CI, Confidence interval.
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Table S4 Univariate Analysis stratified by T category and Age/Race/Histology

Variable
T1 T2 T3

HR 95% CI P HR 95% CI P HR 95% CI P

Age, years

60-64 0.769 0.677-0.872 <0.001 0.688 0.588-0.806 <0.001 0.774 0.705-0.850 <0.001

65-69 0.775 0.701-0.858 <0.001 0.745 0.662-0.838 <0.001 0.761 0.705-0.821 <0.001

70-74 0.774 0.708-0.846 <0.001 0.796 0.722-0.877 <0.001 0.799 0.750-0.852 <0.001

75-79 0.768 0.711-0.830 <0.001 0.732 0.674-0.794 <0.001 0.729 0.691-0.769 <0.001

80-84 0.728 0.674-0.786 <0.001 0.805 0.747-0.868 <0.001 0.772 0.735-0.812 <0.001

>84 0.847 0.780-0.920 <0.001 0.734 0.681-0.791 <0.001 0.810 0.773-0.849 <0.001

Race

Black 0.898 0.806-1.000 0.051 0.825 0.729-0.933 0.002 0.793 0.734-0.857 <0.001

White 0.933 0.897-0.970 <0.001 0.910 0.875-0.947 <0.001 0.935 0.911-0.959 <0.001

Other 0.887 0.769-1.024 0.102 0.910 0.771-1.073 0.263 0.818 0.739-0.906 <0.001

Unknown 0.579 0.060-5.571 0.636 1.930 0.322-11.563 0.472 0.647 0.254-1.649 0.362

Histology

AC 0.926 0.893-0.960 <0.001 0.895 0.861-0.930 <0.001 0.902 0.880-0.926 <0.001

MC 1.064 0.869-1.304 0.546 0.964 0.850-1.094 0.573 0.986 0.920-1.057 0.690

SRCC 1.073 0.480-2.402 0.863 1.317 0.597-2.906 0.495 1.038 0.772-1.395 0.805

Other 0.951 0.753-1.201 0.673 0.861 0.618-1.200 0.377 0.773 0.626-0.954 0.017

AC, adenocarcinoma; MC, Mucinous adenocarcinoma; SRCC, Signet ring cell carcinoma; HR, Hazard ratio; CI, Confidence interval.
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