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ARTICLE INFO ABSTRACT

Keywords: Poor survival among colorectal cancer (CRC) patients has been widely associated with clinico-epidemiological
Clinicopathologic features features and treatment regimen. In Jiangsu (China), however, it is not known which one of the prognostic factors
Prognostic factors explains the survival disparities among patients with CRC. This prospective study using 1078 patients (stages I-
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IV) that underwent surgery at Jiangsu Hospital, explored the relevant factors affecting the prognoses of right-
side colon cancer (RCC), left-side colon cancer (LCC) and rectal cancer (ReC) patients. Of these cases, 234
(21.7%), 241 (22.4%) and 603 (55.9%) were found to have RCC, LCC and ReC respectively. Compared to LCC,
RCC exhibited a greater proportion of older patients, poorly differentiated carcinomas, higher T-stage and higher
TNM-stage. The overall survival (0OS) for RCC was 60 vs.78 or 77 months for LCC or ReC respectively
(P = 0.030). There were no significant differences in OS between LCC and ReC across the subgroups
(P = 0.633). In multivariate analysis, RCC patients had age (> 60 vs. <60 years, HR = 1.529, P = 0.019), N-
stage (N1 vs. NO, HR = 4.056, P = 0.012) and M-stage (M1 vs. MO, HR = 3.442, P < 0.0001) as independent
prognostic factors, whereas smoking status was found to be a predictor of mortality (smoker vs. nonsmoker,
HR = 2.343, P = 0.017) for LCC. In addition, age (> 60 vs. <60 years, HR = 2.199, P < 0.0001), alcohol
consumption (drinker vs. nondrinker, HR = 0.510, P = 0.034), tumor grade (Poor vs. well/moderate,
HR = 2.759, P = 0.031) and T-stage (T3-4 vs. T1-2, HR = 1.742, P < 0.0001) were found to be predictors of
mortality for ReC. There were significant pairwise interactions across subgroups. Furthermore, significant dif-
ferences were observed for LCC vs. RCC (OS, HR = 0.783, P = 0.039), but no statistically significant differences
for ReC vs. RCC (P = 0.149) and LCC vs. ReC (P = 0.355). Nevertheless, significant differences remained be-
tween ReC vs. RCC for male (HR = 0.591, P = 0.009), drinker (HR = 0.396, P = 0.005), rural resident
(HR = 0.437,P = 0.022), tumor grade (well/moderate, HR = 0.475, P = 0.022), T-stage (T1-2, HR = 0.362,
P = 0.001), N-stage (NO, HR = 0.604, P = 0.011), M-stage(MO, HR = 0.401, P = 0.006) and TNM-stage (I-II,
HR = 0.567, P = 0.005). Statistically significant differences were observed for LCC vs. RCC for gender (female,
HR = 0.495, P = 0.003) and T-stage (T1-2, HR = 0.417, P = 0.010) as well as for LCC vs. ReC in patients with
smoking habits (HR = 1.951, P = 0.002) and M-stage (MO, HR = 2.291, P = 0.003). These findings suggest that
the variations in CRC post-surgical survival in China may be primarily explained with the clinicopathologic
features and epidemiological characteristic of the patients. Patients with RCC had significantly worse OS com-
pared to both LCC and ReC in several subgroups.
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1. Introduction

Colorectal cancer (CRC) is one of the leading causes of morbidity
and mortality in both Western and Asian countries [1-3]. In China, the
incidence of CRC is increasing rapidly, and it is now ranked fifth in
terms of morbidity and mortality among all malignancies [1]. With the
increased adoption of western lifestyle including inter alia dietary pat-
terns and sedentary habits in China, in 2015 CRC accounted for ap-
proximately 376,300 new diagnosed cases and 191,000 deaths [1,4,5].

Findings from population-based studies have revealed marked dis-
parities in the prognosis of CRC incidence and survival in populations of
different socio-demographic, including differences in age composition
[6], gender [7,8], residence [9], alcohol consumption and tobacco use
[4,10-12]. In 2015 for example, age-standardized 5-year relative sur-
vival of all cancers combined in China was only 40.5% and it was
56.9% for CRC; with great difference between urban patients (59.3%)
and rural patients (52.6%) [13]. Several studies have also investigated
survival patterns by tumor location [14-16], stage at diagnosis
[17-19], tumor grade [20,21], depth of invasion [22-24] and treatment
regimen [25-27]. Liu Fangqi et al [17] revealed that patients with
right-sided colon cancer (RCC) had a worse prognostic overall survival
(0OS) compared to those with left-sided colon cancer (LCC) and rectal
cancer (ReC).

Understanding the relevant prognostic factors for survival after CRC
surgery remains an active area of investigation in China. To the best of
our knowledge this is the first prospective analysis that provides the
most comprehensive and up-to-date assessment of the prognostic fac-
tors of Post-surgical survival of colorectal cancer in Jiangsu province,
China. In our present study, we have explored the relevant factors af-
fecting the prognoses between RCC, LCC and ReC. We have also char-
acterized the survival differences among Chinese patients with CRC
based on epidemiological and clinopathological features, as well as
treatment regimen.

2. Materials and methods
2.1. Study population

Between January 2007 and October 2011, a total of 1078 newly
diagnosed and histologically confirmed patients with CRC were con-
secutively recruited from the Jiangsu Hospital Cancer Center in China.
The enrolled patients had to match the following criteria (1) histolo-
gically confirmed with primary colorectal adenocarcinoma and no
history of other cancers; (2) received curative surgical resection treat-
ment, but without any preoperative anticancer treatment; and (3) with
complete clinical and follow-up data as well as common epidemiolo-
gical data. The sixth edition of the American Joint Committee on
Cancer (AJCC)’'s TNM classification was used to assess the clin-
icopathological features of the patients. The following variables were
analyzed for all patients: (1) epidemiological characteristics, including
age at diagnosis (<60, > 60years), sex (male, female), smoking status
(nonsmoker, smoker), drinking status (nondrinker, drinker), residence
(rural, urban); (2) clinicopathological features: subsite tumor location
(RCC, LCC and ReC); tumor grade (well/moderately differentiated and
poorly differentiated);T-Stage (depth of invasion) (T1-2, T3-4) ; N-Stage
(Iymph metastasis) (NO, N1), M-Stage (distant metastasis) (MO, M1)
and TNM-Stage (I-II, III-IV); and (3) treatment regimens including lack
of chemotherapy for patients at stages I and II, and chemotherapy for
those at stages III and IV. Patients receiving chemotherapy were cate-
gorized into two subgroups, namely those treated with Folinic acid,
fluorouracil and oxaliplatin (FOLFOX) and another adjuvant che-
motherapy, including Folinic acid-fluorouracil-irinotecan (FOLFIRI).

2.2. Data collection and measurement

A face-to-face interview was administered by trained physicians and
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nurses. Information on the participants’ demographic characteristics
(age, sex, resident) and lifestyles (smoking, drinking) was recorded in a
structured questionnaire. Smoking status was categorized as smoker vs.
nonsmoker. Smokers (current smokers) were defined as persons who
smoked at least one cigarette a day or any other product (pipe/cigars).
We did not take into account the differences in the types of product
(cigarettes and pipe/cigars) and quantity taken per day (light, moderate
or heavy cigarette) during the study. Nonsmokers, however, were
subjects who reported never to have smoked any product (cigarettes
and pipe/cigars) during their entire lives or smoked one or more pro-
ducts but had stopped smoking at least six months before the baseline
survey. The overall prevalence of tobacco smoking was 50.38% (332/
659) in men and 18.83% (77/409) in women. Similarly, alcohol
drinking status was categorized as drinker vs. nondrinker and drinker
was defined as drinking alcohol on at least 12 occasions during the past
12 months prior to interview. Nondrinkers, however, were subjects who
reported to have never drank alcohol or drank alcohol mostly six oc-
casions per year. Differences in the type of alcohol (beer, wine, distilled
spirit) and the quantity taken daily (moderate or heavy drinker) were
not accounted for due to lack of information. Overall, the prevalence of
alcohol drinking was 40.21% (265/659) in men and 18.83% (77/409)
in women, respectively.

All clinical and pathological information were reviewed retro-
spectively and assessed according to the sixth edition of AJCC. The
cases with cancer in the proximal two-thirds of the transverse colon,
ascending colon, hepatic flexure and cecum were considered RCC while
those cases with cancer in the distal third of the transverse colon,
splenic flexure, descending colon, and sigmoid colon were considered
LCC. Of the 1078 subjects, 234 (21.7%), 241 (22.4%) and 603 (55.9%)
were identified to have RCC, LCC and ReC respectively. All patients at
stage III-IV underwent curative resection. Adjuvant chemotherapy was
carried out either with FOLFOX or another adjuvant including FOLFIRI,
based on the China guideline for diagnosis and comprehensive treat-
ment of CRC [28,29]. Briefly, FOLFOX regimen is based on at least 6
cycles of monthly bolus intravenous administration of 5-fluorouracil
(400-425 mg/m2/day) and leucovorin (20 mg/m2/day) for 1-5 days.

Informed consent was obtained from each enrolled subject before
the recruitment. The institutional review boards (IRB) of the Southeast
University (Nanjing China) approved this study under the approval
ethical reference code 2017ZDKYSB165.

2.3. Follow-up

All patients were followed-up by a trained clinical specialist from
Jiangsu Hospital Cancer Center through on personal or family contacts
from the time of diagnosis to death or the last follow-up (cutoff in June
2016). The median follow-up duration was 68.62 months (range of
0-112.70 months), during which time 644 (59.74%) patients (165
(70.51%) RCC, 140 (58.09%) LCC and 339 (56.22%) ReC) died (the
detailed data has been described elsewhere) [30]. Due to the lack of
information in assessing cause-specific mortality, some authorities in-
cluding the Food and Drug Administration (FDA) and the European
Medicine Agency have advocated overall survival as a more appropriate
endpoint for such studies [31]. Overall survival (OS) was defined as the
time from initial surgical resection until death due to any cause. Pa-
tients alive or lost to follow-up are censored.

2.4. Statistics analysis

Frequency distribution of epidemiology, clinicopathological fea-
tures and treatment regimens for RCC, LCC and ReC were summarized
using both Chi-square test (2 tests) for categorical variables and
Kruskal Wallis test for continuous variables. The prognostic effect of
each subsite location on overall survival (OS) was first evaluated with
the Kaplan-Meier method. Differences between survival curves for RCC,
LCC and ReC were compared with the log-rank test. Secondly, Cox
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proportional hazards regression models were used for the unadjusted
univariate and adjusted multivariate survival analyses. Proportionality
assumptions for the Cox regression models were tested, as well as
Schoenfeld residuals plots for each subsite location over time. Variables
and pairwise interactions included in the full Cox models are covariates
that have been reported previously to have associations with CRC
cancer mortality. For the prognostic significance of variables, the Cox
regression was performed to obtain the unadjusted and adjusted ha-
zards ratios (HRs) at 95% confidence intervals (CIs) in OS for RCC, LCC
and ReC patients within each subgroup, controlling for all other vari-
ables. Entry and removal probabilities for stepwise-regression were
0.05 and 0.10, respectively. In addition, Lakatos method was used to
determine the power of the study. Most of statistical analyses were
performed with SPSS software (SPSS Inc., Chicago, IL), using two-sided
testing with a significance level at p-value of 0.05. SAS version 9.1.3
(SAS Institute), was used to determine the power of the study.

3. Results

3.1. Patients’ characteristics by epidemiological and clinicopathological
features

Table 1 shows the epidemiological and clinico-pathological char-
acteristics of patients with CRC by subsite tumor location for the 1078
cases analyzed. Of these cases, 234 (21.71%), 241 (22.36%) and 603
(55.93%) had respectively RCC, LCC and ReC. The cases were most
commonly diagnosed between the age range of up 60 years (63.0%)
than over 60 years (37.0%), with a greater proportion of males 61.1%.
Among patients older than 60 years, 20.30% of the patients had RCC
compared to 20.05% with LCC. A small proportion of cases were

Cancer Epidemiology 62 (2019) 101565

smoker (37.9%) and drinker (31.7%), but among those cases respec-
tively, there were 42.54% and 38.30% with ReC. Moreover, the 51.84%
of smoker and 56.14% of drinker patients are from rural area. Fur-
thermore, LCC was most likely for patients with smoker (32.03%) and
drinker (33.63%) compared respectively to 25.43% and 28.07% for
RCC.

With respect to the clinico-pathological features of the cases, the
histologic grade was consistent across each subsite location, with only
4.4% of tumors being poorly differentiated. A greater proportion of
cases had a higher level of tumor depth of invasion (T3-4 = 74.1%)
with no regional lymph node metastasis (NO = 57.6%) and no distant
metastasis (MO = 88.9%). When stratified by tumor node metastasis
stage, more than 55.4% of all cases were at stage I-II in each of the
subsite locations of CRC. In TNM stage III-IV, patients with LCC
(23.08%) were slightly frequently higher compared to RCC (20.58%),
but no statistical significant (P = 0.693). In addition, patients with RCC
exhibited a higher frequency of distant metastasis M1(36.67%) com-
pared to only 28.33% and 35.0% for LCC and ReC respectively.

There were significant differences between subsite location re-
garding smoking status, drinking status, tumor grade, T-stage, M-stage
(all, P < 0.05). Concerning the treatment regimens, more than half of
all cases did not have chemotherapy (55.4%) and they were either at
stage I-II. In contrast, patients from stage III-IV received either FOLFOX
or FOLFIRI.

3.2. Survival outcomes after CRC diagnosis

Median follow-up duration was 68.62 months (range, 0-112.70
months). Unadjusted Kaplan Meier survival curves based on subsite
location revealed significantly better overall median survival (OS)

Table 1
Epidemiological and Clinicopathological Characteristics of post-surgical patients with colorectal cancer (CRC).
Characteristics CRC RCC LCC ReC P-value
Variables (N = 1078) (%) (n = 234) (%) (n = 241) (%) (n = 603) (%)
Age (Mean * SD) years (55.79 = 12.39) (54.96 + 13.39) (53.93 + 12.68) (56.86 + 11.77) 0.162
=60 679 (63.0) 153(65.4) 161(66.8) 365(60.5)
> 60 399 (37.0) 81(34.6) 80(33.2) 238(39.5)
Gender 0.999
Male 659 (61.1) 143(61.1) 147 (61) 369(61.2)
Female 419 (38.9) 91(38.9) 94(39) 234(38.8)
Smoking < 0.0001
Nonsmoker 669 (62.1) 130 (55.6) 110 (45.6) 429(71.1)
Smoker 409 (37.9) 104 (44.4) 131(54.4) 174(28.9)
Drinking < 0.0001
Nondrinker 736 (68.3) 138 (59) 126 (52.3) 472(78.3)
Drinker 342 (31.7) 96 (41) 115 (47.7) 131(21.7)
Residence 0.556
Rural 552 (51.2) 122 (52.1) 116 (48.1) 314 (52.3)
Urban 526 (48.8) 112 (47.9) 125 (51.9) 289 (47.7)
Tumor Grade 0.925
Well/Moderate 1031(95.6) 223(95.3) 230(95.4) 578(95.9)
Poor 47(4.4) 11(4.7) 11(4.6) 25(4.1)
T-Stage < 0.0001
T1-2 279(25.9) 27(11.5) 48(19.9) 204(33.8)
T3-4 799(74.1) 207(88.5) 193(80.1) 399(66.2)
N-Stage 0.495
NO 621 (57.6) 142 (60.7) 140 (58.1) 339 (56.2)
N1 457(42.4) 92 (39.3) 101(41.9) 264 (43.8)
M-Stage < 0.0001
MO 958 (88.9) 190 (81.2) 207(85.9) 561(93)
M1 120 (11.1) 44 (18.8) 34 (14.1) 42(7)
TNM-Stage 0.693
I/11 597(55.4) 135(57.7) 130(53.9) 332(55.1)
/v 481(44.6) 99(42.3) 111(46.1) 271(44.9)
Adjuvant® chemotherapy 0.231
FOLFOX 343(31.8) 67(28.6) 77(32.0) 199(33.0)
FOLFIRI 138(12.8) 32(13.7) 34(14.1) 72(11.9)

Abbreviation: CRC-colorectal cancer, RCC-right colon cancer, LCC-left colon cancer, ReC-rectum cancer,:TNM-tumor-node-metastasis, FOLFOX-Folinic acid
Fluorouracil Oxaliplatin, FOLFIRI-Folinic acid Fluorouracil Irinotecan. a: Only patients with TNM III/IV have received a chemotherapy regimen.
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Fig. 1. Survival disparities of CRC patients related to tumor location and epidemiological characteristics, (A)Drinker, (B) Nondrinker, (C) Smoker, (D) Nonsmoker,

(E) Rural patients (F) Urban patients.
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among LCC patients (OS = 78.033 months, 95% confidence interval
(CI) (64.623-91.444)) and ReC patients (OS = 76.567 months, 95% CI
(66.036-87.097)) compared with RCC patients (OS = 60.167 months,
95%CI (45.418-74.915)). However, there was no significant difference
between LCC and ReC patients (P < 0.633) (Table 2). Similarly, ana-
logous results of survival disparities by subsite location were observed
in each subgroup of epidemiological and pathological features, as well
as treatment regimens (Figs.1 and 2). For instance, RCC or LCC patients
with healthy behavior (nonsmoker, nondrinker) are more likely to
enjoy higher OS as compared with unhealthy behavior. OS for patients
with RCC (76.633 months for nondrinker vs. 48.133 months for
drinker) and for patients with LCC (90.333 months for nondrinker vs.
65.133 months for drinker) (Fig. 1). Similar trend was also observed for
the clinicopathological features and tumor location (Fig. 2).

In addition, the unadjusted Cox regression analysis showed that
patients with LCC (HR = 0.779, 95%CI (0.622-0.976), P = 0.030) and
ReC (HR = 0.743, 95%CI (0.617-0.895), P = 0.002) had significantly
decreased risk of mortality compared with RCC patients, and with no
statistically significant differences between LCC and ReC (P = 0.635)
(Table 3). Meanwhile, LCC patients showed statistical differences be-
tween sex (female vs. male, HR = 0.662, P = 0.022), drinking habits
(drinker vs. nondrinker, HR = 1.450, P = 0.029) and Residence (urban
vs. rural, HR = 0.596, P = 0.002). However, no significant differences
in risk of mortality were observed for older vs. younger patients when
stratified by each subsite location (All P > 0.05) (Table 2).

Meanwhile, there were statistically significant differences between
ReC vs. RCC within age group. For instance, patients with ReC vs. RCC
had decreased risk of mortality in the both age group (HR = 0.753,
P = 0.019 for < 60 years and HR = 0.699, P = 0.020 for > 60 years),
as shown in Tables 3.

Women patients from all combined subsite location showed a sig-
nificant decrease in the risk for mortality compared to men
(HR = 0.844, 95%CI (0.719-0.991), P = 0.039) (Supplementary
Materials-Table S1). However, no statistically significant differences for
gender were observed between these two subsite groups RCC and ReC.
Instead, there were statistically significant differences in prognoses for
women patients with LCC vs. RCC (HR = 0.668, 95%CI (0.455-0.981),
P = 0.040) and for men patients with ReC vs. RCC (HR = 0.716 (0.566-
0.905), P = 0.005). All smoker or drinker patients had significant in-
creased risk of mortality (HR = 1.204, 95%CI (1.029-1.409),
P = 0.021 and HR = 1.342, 95%CI (1.142-1.577), P < 0.0001 re-
spectively) compared with nonsmoker or nondrinker. However, no
significant differences in risk of mortality were observed for smoker vs.
nonsmoker patients when stratified by LCC or ReC (All P > 0.05). In
addition, patients with ReC revealed no significant risk of mortality
between drinker vs. nondrinker (P = 0.348). (Tables 2 & S1)

In contrast, there were statistically significant differences for
smoker patients with LCC vs. RCC (HR = 0.705, 95%CI (0.517-0.960),
P =0.027) and ReC vs. RCC (HR = 0.658, 95%CI (0.491-0.882),
P = 0.005). Combining all subsites location, patients from urban areas
had decreased risk of mortality (HR = 0.851, 95%CI (0.729-0.993),
P = 0.041) compared with those living in rural areas. However, pa-
tients with RCC or ReC showed no significant differences between
urban vs. rural residence. Nevertheless, there were statistically sig-
nificant differences in prognoses for urban patients with LCC vs. RCC
(HR = 0.646, 95%CI (0.461-0.907), P = 0.012) and rural patients with
ReC vs. RCC (HR = 0.702, 95%CI (0.544-0.905), P = 0.006). In com-
parison with tumor grade (Poor vs. well/moderate), no significant dif-
ferences in prognoses have been observed for all subsite location.
Meanwhile, tumor grade (well/moderate) patients with ReC vs. RCC
had a decreased risk of mortality (HR = 0.747, 95%CI (0.617-0.905),
P = 0.003).

And regarding the depth of invasion, there were no statistically
significant differences between (T3-4 vs. T1-2) for patients with both
RCC and LCC, but statistically significant differences were observed for
patients with ReC (HR = 2.416 95%CI (1.870-3.121); P < 0.0001).
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Additionally, there were statistically significant differences in prognosis
for T1-2 stage with ReC vs. RCC patients (HR = 0.408, 95%CI (0.249-
0.669), P < 0.0001). Furthermore, an increased risk of mortality was
observed for both patients with higher lymph node (N1 vs. NO) and
higher distant metastasis (M1 vs. MO) for all subsite location (All
P < 0.0001). However, there were no statistically significant differ-
ences for both (LCC vs. RCC) and (LCC vs. ReC) patients without lymph
node (NO) but statistically significant was observed for Rec vs. RCC
(HR = 0.588, 95%CI (0.443-0.781); P < 0.0001). In addition, there
were statistically significant differences in prognoses for higher lymph
node patients with LCC vs. RCC (HR = 0.633, 95%CI (0.466-0.860),
P = 0.003) and ReC vs. RCC (HR = 0.717, 95%CI (0.558-0.921),
P = 0.009), but no significant for ReC vs. RCC (P = 0.344).

The same results were observed with patients at TNM stage III-IV vs.
I-II, who presented statistically significant increased risk of mortality
across all subsite location. For instance, patients at stage III-IV with RCC
had 5.197 (95%CI (3.753-7.196), P < 0.0001) higher risk of mortality
as compared at stage I-II patients with the same subsite cancer.
Furthermore, there were statistically significant differences in prog-
noses for stage I-II patients with LCC vs. RCC (HR = 0.664,95%CI
(0.464-0.951), P = 0.025) and ReC vs. RCC (HR = 0.578, 95%CI
(0.432-0.774), P < 0.0001). At stage III-IV, patients with LCC or ReC
showed decreased risk of mortality (HR = 0.687, 95%CI (0.513-0.920),
P =0.012) or (HR = 0.754, 95%CI (0.590-0.962), P = 0.023) as
compared with RCC patients. Differences in prognoses have been also
observed for the type of adjuvant therapy prescribed. There were sta-
tistically significant differences for patients with ReC under FOLFOX
compared with FOLFIRI (HR = 0.713,95%CI (0.526-0.967),
P = 0.030). Similarly, significant differences in prognoses were ob-
served also between LCC vs. RCC (HR = 0.427, 95%CI (0.249-0.733),
P = 0.002) and ReC vs. RCC (HR = 0.506, 95%CI (0.321-0.798),
P = 0.003), for patients under FOLFIRI as shown in Table 3.

After using multivariate Cox regression, upon combining all subsites
location, the following variables- age group (> 60 vs. < 60 years), re-
sidence (urban vs. rural), T-stage (T3-4 vs. T1-2) and treatment regimen
(FOLFIRI vs. FOLFOX) remained statistically significant (all P < 0.05).
There were also statistically significant differences for the pairwise in-
teraction between drinking and either smoking, N-stage, M-stage or
TNM-stage as shown in Table S1. However, marked differences were
observed when stratified by subsite location. There were three main
independent prognostic variables including age group (> 60 vs. < 60
years, HR = 1.529, 95%CI (1.072-2.183), P = 0.019), N-stage (N1 vs.
NO, HR = 4.056, 95%CI (1.364-12.060), P = 0.012) and M-stage (M1
vs. MO, HR = 3.442, 95%CI (1.901-6.232), P < 0.0001) for RCC.
There were also significant pairwise interactions between gender and
either drinking (HR = 2.058, 95%CI (1.053-4.024), P = 0.035), M-
stage (HR = 0.182, 95%CI (0.069-0.481), P = 0.001) or TNM-stage
(HR = 2.663, 95%CI (1.227-5.778), P = 0.013) for patients with RCC.

LCC patients, however, showed only one main independent prog-
nostic variable — tobacco smoking (smoker vs. nonsmoker,
HR = 2.343, 95%CI (1.168-4.700), P = 0.017) and there were statis-
tical significant differences for some pairwise interactions including age
group and M-stage (HR = 2.881, 95%CI (1.172-7.083), P = 0.021),
gender and drinking (HR = 8.882, 95%CI (2.471-31.923), P = 0.001),
as well as smoking with either gender (HR = 0.064, 95%CI (0.017-
0.235), P < 0.0001), residence (HR = 0.306, 95%CI (0.147-0.637),
P =0.002) or M-tage (HR = 6.480, 95%CI (2.259-18.588),
P = 0.001). Similarly, there were five main independent prognostic
variables including age group (> 60 vs. <60 years, HR = 2.199,
95%CI (1.674-2.889), P < 0.0001); drinking (drinker vs. nondrinker,
HR = 0.510, 95%CI (0.274-0.949), P = 0.034); tumor grade (Poor vs.
well/moderate, HR = 2.759, 95%CI (1.100-6.921), P = 0.031); T-stage
(T3-4 vs. T1-2, HR = 1.742, 95%CI (1.332-2.277), P < 0.0001) and
treatment regimen (FOLFIRI vs. FOLFOX, HR = 0.694, 95%CI (0.507-
0.951), P = 0.023) for ReC patients. In addition, there were statistical
significant pairwise interactions including age group (> 60 vs. < 60
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years) with either smoking (HR = 0.488, 95%CI (0.299-0.798),
P =0.004) or tumor grade (HR = 0.295, 95%CI (0.095-0.910),
P = 0.034); and drinking (drinker vs. nondrinker) with either smoking
(HR = 3.328, 95%CI (1.574-7.035), P =0.002) or M-stage
(HR = 2.846, 95%CI (1.150-7.043), P = 0.024), as shown in Table 2.

Moreover, there were statistically significant differences for LCC vs.
RCC (OS: HR = 0.783, 95%CI (0.620-0.988), P = 0.039), but no sig-
nificant differences in OS between ReC vs. RCC (P = 0.149) and LCC vs.
ReC (P = 0.355). Nevertheless, significant differences in prognoses
between ReC vs. RCC were observed in various subgroups including
gender (male, HR = 0.591, 95%CI (0.398-0.878), P = 0.009), drinking
status (drinker, HR = 0.396, 95%CI (0.207-0.761), P = 0.005), re-
sidence (rural, HR = 0.437, 95%CI (0.216-0.886), P = 0.022) tumor
grade (well/moderate, HR = 0.475, 95%CI (0.272-0.830),P = 0.009),
T-stage (T1-2, HR = 0.362, 95%CI (0.199-0.658), P = 0.001), N-stage
(NO, HR = 0.604, 95%CI (0.410-0.890), P = 0.011), M-stage (MO,
HR = 0.401, 95%CI (0.210-0.766), P = 0.006), TNM-stage (I-II,
HR = 0.567, 95%CI (0.383-0.840), P = 0.005) and treatment regimen
(FOLFIRI, HR = 0.563, 95%CI (0.325-0.975), P = 0.040). And re-
garding LCC vs. ReC, significant differences in prognoses remained for
smoking status (smoker, HR = 1.951, 95%CI (1.281-2.971),
P =0.002) and M-stage (MO, HR = 2.291, 95%CI (1.329-3.952),
P = 0.003). Similarly, there were significant differences in prognoses
for LCC vs. RCC in various subgroups including gender (female,
HR = 0.495, 95%CI (0.313-0.782), P = 0.003), T-stage (T1-2,
HR = 0.417, 95%CI (0.214-0.811), P = 0.010) and treatment regimen
(FOLFIRI, HR = 0.411, 95%CI (0.221-0.767), P = 0.005), as shown in
Table 3.

4. Discussion

In this prospective study, we explored relevant factors affecting the
post-surgical survival prognoses of patients with CRC. Patients with
LCC or ReC were most likely to have well/moderately differentiated
grade, low depth of invasion, no regional lymph nodes, no distant
metastasis and an earlier stage compared to those with RCC.
Conversely, patients with RCC included a greater proportion of older
patients and women, poorly differentiated carcinomas, higher T stage,
higher distant metastasis and higher TNM stage compared to those with
LCC. These findings are consistent with previous studies
[15,16,18,21,32,33]. We also found that patients from rural areas were
most likely to be smoker or drinker, consistent with findings in previous
studies [34-36] in China. Interestingly, these results might serve as
baseline to explain the worse prognoses in patients with RCC, as well as
the survival disparity between urban and rural patients.

Analogous to previous studies [15-18,32,33], our univariate sur-
vival analysis revealed that patients with RCC had a significantly
greater risk of mortality compared to LCC or ReC patients, although,
there were no statistically significant differences in prognoses for pa-
tients with LCC and ReC. Moreover, similar results of worse prognosis
for patients with RCC compared with LCC or ReC were observed for
each epidemiological characteristic, clinico-pathological features and
treatment regimens. These findings corroborate with those by Weiss
et al. [37] and Fangqi et al. [17]. In the study by Fangqi et al. [17], the
authors evaluated 4, 426 Chinese patients with stages I-IIl CRC and
found that for all stages, patients with RCC had an increased risk of
mortality compared to LCC (HR =1.68, 95%CI (1.28-2.21),
P = 0.0002), showing the same range as our findings for LCC vs. RCC
(HR = 0.779, 95%CI (0.622-0.976), P = 0.030), which might be pre-
sented as RCC vs. LCC (HR = 1.283, 95%CI (1.025-1.608), P = 0.030).
In addition, Fanggqi et al. [17] found that at stage III, patients with RCC
also had a higher risk of mortality (HR = 1.79, 95%CI (1.30-2.46),
P < 0.0001) compared to LCC. These observations were in accordance
with our results, showing an increased risk of mortality for RCC, (LCC
vs. RCC (HR = 0.687, 95%CI (0.513-0.920), P = 0.012)), which might
be presented as RCC vs. LCC (HR = 1.456, 95%CI (1.087-1.950),
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P = 0.012). Compared with this study, we found a slightly lower risk of
mortality (1.46 for our study vs. 1.79 for Fangqi et al. [17]).This may be
possibly due to factors such age (young subjects for our study vs. older
subjects for Fangqi et al. [17]); lifestyle (smoking and drinking) which
was not considered by Fangqi et al. [17]), as well as the sample size and
distribution of subsite pathology among patients, which might be
pointed as one of limitation for our study.

Our multivariate analysis revealed that age, N-stage and M-stage
were found to be independent predictors of mortality for RCC, whereas
tobacco smoking was found to be a predictor of mortality for LCC. Age,
alcohol consumption, tumor grade, T-stage and treatment regimen were
found to be predictors of mortality for ReC. These results are consistent
with the findings of previous studies [22,33,38-42]. Jiang et al. [41] for
example, used the surveillance, epidemiology and end results (SEER)
database to determine the effect of age on survival outcome in operated
and non-operated patients. Of the 123, 356 patients with colon cancer,
they found age to be an independent prognostic factor in stage I-IV of
the disease and estimated that, at TNM stage I, older patients (41-80
years) were twice at risk of death (HR = 2.319, 95%CI (1.394-3.858),
P = 0.001) compared with young patients (<40 years). They also re-
ported that, at the TNM stage IV, older patients had a 1.288-fold in-
creased risk of mortality than the youngest (HR = 1.288, 95%CI
(1.200-1.382), P < 0.001). Broadly, these findings were similar to our
results (HR = 1.529, 95%CI (1.072-2.183), P = 0.019) for RCC pa-
tients with age (> 60 vs. < 60 years) at TNM stage I-IV. Also, Amri
et al. [22] used 922 patients with colon cancer to evaluate the effect of
high grade disease on outcomes of surgery, and found that the colon
cancer-related mortality doubled for patients with higher rate of nodal
and distant metastasis, which is in accordance with our findings ((N-
stage (N1 vs. NO), HR = 4.056, P = 0.012) and M-stage (M1 vs. MO,
HR = 3.442, P < 0.0001)) for RCC. Regarding unhealthy behavior,
our findings were in consonance with previous studies [5,43-45] and
reinforce the importance of eliminating or reducing exposure to po-
tentially modifiable risk factors such as cigarette smoking and alcohol
consumption. Islami et al. [5] for instance, reported that more than half
of all cancer deaths in men and one-third of cancer deaths in women in
China in 2013 were attributable to the potentially modifiable risk fac-
tors. Meanwhile, our study found that there were statistically sig-
nificant differences in pairwise interactions between gender and either
alcohol consumption, M-stage or TNM-stage for RCC. For LCC patients,
significant differences in pairwise interactions were found between age
and M-stage, gender and unhealthy behavior (smoke or drink), smoke
and either residence or M-stage. Similar observations were found be-
tween age and either smoking habits, tumor grade or M-stage, and for
alcohol consumption with either smoking habits or M-stage for ReC
patients. These findings are in line with previous studies
[12,13,35,46,47]. For instance, Zeng et al. [13] used a population-
based data from 17 cancer registries in China and found a great 5-year
survival gap of CRC between urban patients (59.3%) and rural patients
(52.6%) in China.

Furthermore, our findings of worse prognosis for patients with RCC
compared with LCC or ReC in the following subgroups - gender,
drinking (drinker), residence (rural), tumor grade (well/moderate), T-
stage (T1-2), N-stage (no lymph node), M-stage (no distant metastasis),
TNM-stage I-II and chemotherapy under FOLFIRI were also consistent
with previous studies [22,38,40,43,48] with the exceptions of those of
Weiss et al. [37] and Fanggqi et al. [17]. Finally, we found an increased
risk of mortality for LCC compared with ReC for patients smoking ha-
bits (HR = 1.951, 95%CI (1.281-2.971), P = 0.002) and patients
without distant metastasis (HR = 2.291, 95%CI (1.329-3.952),
P = 0.003).

Our study had some limitations despite the fact that it is a pro-
spective cohort study of 1078 patients. First, the power of our study was
only 78% using the Lakatos method, which limited further stratified
multivariate analyses. Also, we were not able to account the genetic
factors linked with CRC, including testing for MMR, P53 status or other
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driver-gene mutations (BRAF). This prevented us from evaluating these
factors as potential confounders or effect modifiers in the observed
relationships. Our investigation was conducted in a single institution,
with limited sample size and lack of information on the cause of each
death, restricted our analysis to only overall survival (OS). The socio-
demographic characteristics data might be subject-to-recall biased,
especially the classification of lifestyle factors (smoking and drinking),
which were self-reported.

5. Conclusion

In summary, the post-surgical survival disparities among Chinese
patients with CRC was not straightforward. There is a need for con-
sideration of both clinico-epidemiological factors and treatment re-
gimen when analyzing the prognostic survival of Chinese patients. Like
other known prognostic factors, tumor subsite location played a role in
predicting survival. Compared with LCC or ReC, patients with RCC had
worse survival especially in subgroups including gender, drinking
(drinker), residence (rural), tumor grade (well/moderate), T-stage (T1-
2), N-stage (no lymph node), M-stage (no distant metastasis), TNM-
stage [-II and chemotherapy under another adjuvant than FOLFOX.
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