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Abstract

Background and Objectives: Colorectal cancer is one of the most common cancers and the
leading cause of cancer-related death worldwide. The impact of the primary tumor location on the
prognosis of patients with colorectal cancer has long been a concern, but studies have led to
conflicting conclusions.

Methods: In total, 465 colorectal cancer patients who received radical surgery were reviewed in
this study. Enrolled patients were divided into two groups according to the tumor location.
Disease-free survival (DFS) and overall survival (OS) were analyzed via the Kaplan-Meier method. A
Cox regression model was employed to evaluate the independent prognostic factors for DFS and

Os.

Results: The right colorectal cancer (RCC) and left colorectal cancer (LCC) groups comprised 202
and 140 patients, respectively. Univariate and multivariate analyses revealed that the tumor location
and TNM stage were independent predictors of DFS and OS. Subgroup analyses by stage
demonstrated that there were significant differences in DFS and OS between patients with stage |
and Ill RCC and LCC, but not for those with stage | colorectal cancer.

Conclusions: Patients with stage Il and Ill LCC had better survival than those with RCC.
However, this improvement in DFS and OS was not observed in patients with stage | colorectal
cancer.
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Introduction

Colorectal cancer is the third most common
cancer and the second leading cause of cancer-related
death in the United States, with an incidence of 134490
new cases and approximately 49,190 deaths per year,
and colorectal cancer accounts for approximately
36.5% of new cancer cases [1,2]. In China, colorectal
cancer is the fifth most common malignant neoplasm
[3].

Surgery is considered the gold standard for
treatment of colorectal cancer. For resectable

non-metastatic colorectal cancer, the preferred
surgical procedure is colectomy with en bloc removal
of the regional lymph nodes [4]. Another choice is
laparoscopic colectomy. No evidence has shown that
the different traditional surgical methods impact the
outcome [5, 6]. Adjuvant therapy is not recommended
for patients with early-stage colorectal cancer but is
recommended for patients with advanced stage
disease [7, 8].

There are various embryological and biological
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differences between left-sided colorectal cancer (LCC)
and right-sided colorectal cancer (RCC) [9]. RCC
occurs in the cecum, ascending colon, and proximal
two-thirds of the transverse colon, which arise from
the embryonic midgut and receive blood perfusion
from the superior mesentery artery, whereas LCC
occurs in the distal one-third of the transverse colon,
descending colon, sigmoid colon and rectum, which
arise from the embryonic hindgut and are perfused by
the inferior mesentery artery [10]. Studies have
revealed that there are different pathologies and
genomic patterns between LCC and RCC [11, 12].
However, the potential influence of these differences
on prognosis has not been validated. Recently, studies
have demonstrated that RCC presents a significantly
worse prognosis than LCC in patients with stage IV
disease [13]. Nonetheless, it remains unknown
whether the primary tumor location affects the
outcome for patients with stage I-IIl disease,
particularly after radical surgery.

In this study, patients with colorectal cancer who
underwent primary tumor radical resection were
retrospectively reviewed to evaluate and compare the
prognosis and survival factors for patients with stage
I-IIT RCC and LCC after radical surgery.

Patients and Methods

Patients

Consecutive patients diagnosed with colorectal
cancer at the authors” hospital from Jan. 2011 to May
2014 were retrospectively reviewed. The inclusion
and exclusion criteria are presented as a flow diagram
in Figure I. The eligibility criteria were as follows:
received radical surgery for colorectal cancer; PS<2;
had no serious dysfunction of major organs (e.g.,
heart failure or uremia); had an appropriate course of
chemotherapy (Patients with stage I or low-risk stage
II disease did not require adjuvant therapy. Patients
with high-risk stage II and stage III disease should
receive chemotherapy for at least 4-6 courses).
Patients who received radiotherapy or without
complete follow-up data were excluded.

Available variables, including routine blood test,
liver and kidney function test, blood levels of tumor
biomarkers, chest/abdominal computed tomography
(CT), and colonoscopy if necessary, were regularly
assessed at follow-up. For patients with stage I
disease, colonoscopy was required at 1 year and then
repeated at 3 years and every 5 years thereafter. In the
case of a finding of advanced adenoma, colonoscopy
was repeated every 1 year. Patients with stage II and
III disease underwent surgery, physical examination
and assessment of tumor biomarkers, such as
carcinoembryonic antigen (CEA) and cancer antigen

199 (CA-199), which should be assessed every 3
months for 2 years and then every 6 months for a total
of 5 years. Colonoscopy was required 1 year after
cancer resection and repeated at 3 years and then
every 5 years thereafter. In the case of a finding of
advanced adenoma with follow-up colonoscopy,
colonoscopy was repeated every 1 year. Assessment
as mentioned above during follow-up was performed
once every 3-6 months within the first 2 years after
surgery, then every 6 months from the third to fifth
years, and once a year thereafter. The study was
approved by the Institutional Review Board of the
authors” hospital.

Study design

Enrolled patients were divided into two groups
according to the location of the primary tumor:
left-sided and right-sided colorectal cancer groups.
The clinicopathologic characteristics of the patients in
the two groups were balanced according to gender,
age at diagnosis, and pathological diagnosis after
surgery, including pathologic type, subtype,
histological type, TNM classification (according to the
8th edition of the American Joint Committee on Cancer
(AJCC) TNM staging system), and tumor grade.

Statistical analysis

The endpoints for this study were disease-free
survival (DFS) and overall survival (OS). The former
was defined as the interval from the date of surgery to
the date of the first recurrence or distant metastasis or
death from colorectal cancer. The latter was defined as
the interval from the date of diagnosis to death or to
the date of the last follow-up.

The correlation between clinical pathological
characteristics and tumor location (RCC vs LCC)
according to the various cancer stages was calculated
with Student’s t-test for continuous variables or a
chi-square test for categorical data. DFS and OS were
analyzed using the Kaplan-Meier survival method.
The Cox proportional hazards model was used for
univariate and multivariate analyses to identify the
independent prognostic factors for DFS and OS.
Statistical analyses were carried out with SPSS 22.0
software. A p value of less than 0.05 was considered to
be statistically significant, and robust estimates of the
standard error were used in all regression analyses.

Results

Patient characteristics

Among 465 patients diagnosed with colorectal
cancer and who underwent radical surgery from Jan.
2011 to May 2014, 342 were enrolled in this study.
Forty-six patients due to the loss of pathological
samples, 21 patients due to being lost to follow-up, 14
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with stage I disease are shown in

o Table 1. Overall, 55.7% (n=39) and
‘ 44.3% (n=31) of the patients were in
the LCC and RCC arms, respectively.
Eclnded:  Eoss  for The DFS and OS of stage I patients
- | pathological sample: N=46 are presented in Figure 2, with no
Excluded significant  differences  observed
Lost to follow-up or died for between the two arms.
other reason: N=21 Of the 119 patients in stage 11, 67
AT (56.3%) and 52 (43.7%) patients were
™ SR S in the LCC and RCC arms,
Excluded: Having radiotherapy except . . .
) , : respectively, with no significant
Not having adequate (g chemotherapy: N= 14 . ! K
differences in chemotherapy regimen
chemotherapy*:N = 42
. D, v and chemotherapy cycle (Table 2).

Total: N=342
LCC:N=202

RCC:N=140
el

The DFS and OS of stage Il patients
are presented in Figure 3. The
patients in the LCC arm showed

Stage I: N=70
LCC: N=39

Stage II: N=119
LCC: N=67

RCC: N=31 RCC: N=52

Figure 1. Flow Diagram of the Inclusion and Exclusion Criteria. *Patients with stage | disease

Stage ITII: N=153
LCC: N=96
RCC: N=57

better DFS (HR=2500; 95% CI,
1123-5563; p=0.020) and OS
(HR=2.430; 95% CI, 1.087-5.433;

p=0.026) than those in the RCC arm.
The detailed characteristics of
153 diffuse type patients in stage III
are presented in Table 3. The average
median DFS and OS for patients in
the LCC and RCC arms were 59.5

and patients with low-risk stage Il disease are not required to receive adjuvant therapy. Patients with

high-risk stage Il or stage Ill disease can receive at least 4-6 courses of chemotherapy. RCC=right-side

colorectal cancer; LCC=left-side colorectal cancer.

months vs. 329 months and 73.5
months vs. 36.7 months, respectively,

patients who received radiotherapy and 42 patients
without adequate chemotherapy were excluded
(Figure 1). Of the 342 enrolled patients, the number of
patients in stage I, stage II, and stage III was 70
(20.5%), 119 (34.8%), and 153 (44.7%), respectively.
There were 140 (40.9%) patients with RCC and 202
with LCC (Figure 1).

All the patients underwent radical resection via
either traditional surgery or laparoscopic colectomy.
Patients with stage I and low-risk stage II disease did
not receive adjuvant therapy after surgery. Patients
with high-risk stage II disease, defined as those with
poor prognostic features, and stage III disease, were
treated with adjuvant chemotherapy comprising an
infusion of fluorouracil (5-FU), leucovorin (LV), and
oxaliplatin (FOLFOX) (n=69, 20.2%) or oral
capecitabine and an infusion of oxaliplatin (Xelox)
(n=173, 50.6%). Overall, 87 (45.6%) patients received 4
cycles chemotherapy, and 104 (54.4%) patients
received 4-8 cycles chemotherapy.

Outcomes stratified by stage

Patients in stage I, II and III between the RCC
and LCC groups were well balanced with regard to
gender, age, tumor grade, subtype, histological type,
T-stage, N-stage, chemotherapy regimen and
chemotherapy cycle. The characteristics of patients

as shown in Figure 4. The patients in
the LCC arm had a better DFS (HR=1.687, 95% CI:
1.057-2.693, p=0.027) and OS (HR=2.273, 95% CI:
1.405-3.677, p=0.001) than those in the RCC arm.

Table 1. Clinicalpathological Characteristics of 70 Colorectal
Cancer Patients with Stage | by Tumor Location

Characteristics Total (%) LCC (%) RCC (%) p

All patients 70(100%) 39(100%)  31(100%)

Gender

Male 39(55.7%) 22(56.4%)  17(54.8%)

Female 31(44.3%) 17(43.6%)  14(45.2%)  0.895
Age

<60 38(54.3%) 22(56.4%)  16(51.6%)

260 32(45.7%) 17(43.6%)  15(48.4%)  0.689
Tumor grade

Poorly or undifferentiated ~ 23(32.9%) 12(30.8%)  11(35.5%)

Well or moderately 47(67.1%) 27(69.2%)  20(64.5%)  0.677
differentiated

Subtypes

Ulcerative-type 42(60.0%) 25(64.1%)  17(54.8%)
Unulcerative-type 28(40.0%) 14(35.9%)  14(45.2%)  0.432
Histological type

Adenocarcinoma 65(92.9%) 37(94.9%)  28(90.3%)
Unadenocarcinoma 5(7.1%) 2(5.1%) 3(9.7%) 0.463
T-stage

Tis, T1, T2 70(100%) 39(100%)  31(100%)

T3, T4 0(0%) 0(0%) 0(0%)

N-stage

NO, Nla+b 70(100%) 39(100%)  31(100%)

Nic, N2 0(0%) 0(0%) 0(0%)
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Figure 2. Disease-free Survival (A) and Overall Survival (B) of Patients with Left- and Right sided Colorectal Cancer in Stage I.

L0

Disease-free survival(probability)

0.8

=
(=2
1

=)
'S
L

<
[S]
1

=
(—]
A

~ LCC
-~ RCC
~ LCC-censored
 RCC-censored

0.0 20.0 40.0 60.0 80.0 100.0
Time since receiving surgery(months)

ov]

Overall survival(probability)

0.0

0.8

0.6 1

0.4 1

0.2

p=0.026

-+ LCC-censored
-+ RCC-censored

0.0 200 400 60.0 80.0100.0120.0

Time since receiving surgery(months)

Figure 3. Disease-free Survival (A) and Overall Survival (B) of Patients with Left- and Right sided Colorectal Cancer in Stage Il.
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http://www.medsci.org



Int. J. Med. Sci. 2018, Vol. 15

1644

Table 2. Clinicalpathological Characteristics of 119 Colorectal
Cancer Patients with Stage Il by Tumor Location

Clinicopathologic Variable  Total (%) LCC (%) RCC (%) P

All patients 119(100%)  67(100%)  52(100%)

Gender

Male 60(50.4%) 37(55.2%)  23(44.2%)

Female 59(49.6%) 30(44.8%) 29(55.8%) 0.234
Age

<60 59(49.6%) 32(47.8%)  27(51.9%)

260 60(50.4 %) 35(52.2%) 25(48.1%) 0.652
Tumor grade

Poorly or undifferentiated ~ 26(21.8%) 15(22.4%)  11(21.2%)

Well or moderately 93(78.2%) 52(77.6%) 41(78.8%) 0.872
differentiated

Subtypes

Ulcerative-type 79(66.4%) 44(65.7%)  35(67.3%)
Unulcerative-type 40(33.6%) 23(34.3%) 17(32.7%) 0.851
Histological type

Adenocarcinoma 113(95.0%)  62(92.5%) 51(98.1%)
Unadenocarcinoma 6(5.0%) 5(7.5%) 1(1.9%) 0.343
T-stage

Tis, T1, T2 9(7.6%) 6(9.0%) 3(5.8%)

T3, T4 110(92.4%)  61(91.0%) 49(94.2%) 0.762
N-stage

NO, Nla+b 5(4.2%) 2(3.0%) 3(5.8%)

Nic, N2 114(95.8%)  65(97.0%)  49(94.2%) 0.772
Recurrent risk

Low-risk 30(25.2%) 21(31.4%) 9(17.3%)
High-risk 89(74.8%) 46(68.6%)  43(82.7%)  0.080
Chemotherapy regimens(high-risk)

Xelox 58(48.7%) 32(47.8%)  26(50.0%)

Folfox 31(26.1%) 14(20.8%) 17(32.7%) 0.368
Chemotherapy cycle (high-risk)

4 cycles 23(19.3%) 11(16.4%)  12(23.1%)

4-8 cycles 66(55.5%) 35(52.2%) 31(59.6%) 0.667

(HR=1.14) compared with those with left-sided colon
cancer [18]. Karim et al. [16] analyzed data from 6365
patients and found no difference in long-term
survival between RCC and LCC patients. Warschkow
et al. [12] noted that patients with LCC had a higher
risk of mortality than those with RCC across all
stages.

Table 3. Clinicalpathological Characteristics of 153 Colorectal
Cancer Patients with Stage Il by Tumor Location

Univariate and multivariate analysis

Table 4 shows the result of univariate and
multivariate analyses. Gender and tumor grade were
progression factors of OS according to univariate
analysis. TNM stage was associated with DFS and OS
according to multivariate analysis (both p<0.001).

Discussion

Recently, much attention has been paid to the
differences in clinical  presentation, patient
demographics and epidemiological,
morphological and molecular characteristics between
left- and right-sided colorectal cancers. This study
demonstrated that patients with stage II or III
left-sided colorectal cancer had better survival than
those with right-sided colorectal cancer after radical
resection. However, no significant differences were
observed between these two groups for patients with
stage I colorectal cancer.

The impact of primary tumor location on the
prognosis of patients with colorectal cancer has long
been a concern [14-16], but studies have reported
conflicting conclusions [17]. A recent meta-analysis
that included 15 studies demonstrated that patients
with right-sided colon cancer had inferior OS

Clinicopathologic Variable ~ Total(%) LCC(%) RCC(%) p

All patients 153(100%)  96(100%)  57(100%)

Gender

Male 87(56.9%)  59(61.5%) 28(49.1%)

Female 66(43.1%)  37(38.5%) 29(50.9%) 0.136
Age

<60 71(46.4%)  46(47.9%) 25(43.9%)

260 82(53.6%)  50(52.1%) 32(56.1%) 0.627
Tumor grade

Poorly or undifferentiated ~ 50(32.7%)  27(28.1%) 23(40.4%)

Well or moderately 103(67.3%)  69(71.9%) 34(59.6%) 0.119
differentiated

Subtypes

Ulcerative-type 110(71.9%)  70(72.9%)  40(70.2%)
Unulcerative-type 43(28.1%) 26(27.1%) 17(29.8%) 0.715
Histological type

Adenocarcinoma 149(97.4%)  93(96.9%)  56(98.2%)
Unadenocarcinoma 4(2.6%) 3(3.1%) 1(1.8%) 0.607
T-stage

Tis, T1, T2 29(19.0%)  17(17.7%) 12(21.1%)

T3, T4 124(81.0%)  79(82.3%) 45(78.9%) 0.610
N-stage

NO, Nla+b 63(41.2%)  43(44.8%) 20(35.1%)

Nic, N2 90(58.8%)  53(55.2%) 37(64.9%) 0.238
Chemotherapy regimens

Xelox 115(75.2%)  75(78.1%)  40(70.2%)

Folfox 38(24.8%)  21(21.9%) 17(29.8%) 0.271
Chemotherapy cycle

4 cycles 64(41.8%)  38(39.6%) 26(45.6%)

4-8 cycles 89(58.2%)  58(60.4%) 31(54.4%) 0.465

In this study, no significant differences in DFS
and OS were observed between the LCC and RCC
arms for patients with stage I colorectal cancer. This
was consistent with the results of a study by Weiss et
al. [19] in which the mortality difference between
patients with stage I right- or left-sided cancer was not
significant (p=0.211). However, for patients with stage
II colorectal cancer, a better prognosis for those with
LCC was observed compared with those with RCC in
terms of DFS (HR=2.500; 95% CI, 1.123-5.563; p=0.020)
and OS (HR=2.430; 95% CI, 1.087-5.433; p=0.026). In
contrast, Weiss et al. [19] and Warschkow et al.[12]
reported that patients with stage II RCC had a lower
mortality rate than those with stage II LCC (p=0.001).
On the other hand, Weiss et al.[20] reported that there
was no survival difference between LCC and RCC
patients. These controversial conclusions concerning
patients with stage II colorectal cancer may result
from different adjuvant chemotherapy modalities
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applied in different studies, since there is no
universally accepted adjuvant treatment modality for
these patients. In this study, enrolled patients
underwent radical surgical resection and received 4-8
cycles of standard adjuvant chemotherapy regularly
without any radiotherapy.

For patients with stage III colorectal cancer, our
study also found that patients with LCC had a better
prognosis than those with RCC in terms of DFS
(HR=1.687, 95% CI: 1.057-2.693, p=0.027) and OS
(HR=2.273, 95% CI: 1.405-3.677, p=0.001). This was
consistent with the study of Price et al.[17], in which
an inferior OS was observed for patients with RCC
compared with those with LCC. Consistently, a
previous meta-analysis [15, 18] indicated that
left-sided primary tumors were associated with a
significantly reduced risk of patient death (HR, 0.82;
95% ClI, 0.79-0.84; p<0.001). However, Warschkow et
al. [12] found that the prognosis of patients with stage
III RCC and LCC was similar (overall: HR=0.99, 95%
CI: 0.95-1.03 and cancer-specific: HR=1.04, 95% CIL:
0.99-1.09). The difference between these studies may

contribute to different eligibility criteria and
therapeutic strategies.
The wunivariate and multivariate analyses

performed in our study indicated that gender and
tumor grade were progression factors in OS, and
TNM stage was associated with DFS and OS.
Similarly, Valentine et al. [21] and Warschkow et al.
[12] indicated that age, marital status and TNM stage
were associated with survival. The specific
mechanism underlying the different prognoses
between RCC and LCC is still unclear, although
studies have stated that LCC and RCC are two distinct
diseases [12, 22].

Recent  genetic studies have revealed
distinguishable genomic patterns between LCC and
RCC, including differences in microsatellite instability
(MSI), chromosome instability (CIN), and CpG island
methylator phenotype (CIMP) [23, 24]. Accumulating

1645
evidence has demonstrated that MSI is an
independent predictor of survival and is

predominantly seen in right-sided colon cancer, while
MSI-H is suggested to contribute to RCC
carcinogenesis [25, 26]. CIN results from abnormal
structure or number of chromosomes, which leads to
a series of genetic changes. Accordingly, CIN
contributes to approximately 75% of LCC and 30% of
RCC [22, 27]. CIMP has also been suggested to
contribute to RCC carcinogenesis and has been found
to be an independent risk factor for poor prognosis in
colorectal cancer patients [28, 29]. Certainly, more
sophisticated molecular classifications are needed to
reveal the progression differences between patients
with LCC and RCC.

One limitation of the current study is that the
study is retrospective in design. Another is that the
study includes only patients from a single institution,
and thus, the number of patients enrolled may be not
sufficient. Moreover, the follow-up duration of the
study may be not sufficiently long. The confounding
factors of various treatments related to outcome could
not be fully evaluated. Therefore, further research
with a large population is needed to evaluate the
relationship between tumor location and prognosis
for patients with colorectal cancer. In addition, more
genetic studies are needed to further investigate the
mechanism underlying the progression differences
between LCC and RCC.

Conclusion

The present study demonstrated that patients
with stage II and III LCC had better survival than
those with RCC after radical resection, but this
difference was not observed in patients with stage I
colorectal cancer. Therefore, the primary site of
colorectal cancer may be a helpful factor in
determining the treatment of patients with colorectal
cancer.

Table 4. Univariate and Multivariate Analysis for Disease-free Survival (DFS) and Overall Survival (OS) of All Patients

DFS 0s

Univariate Multivariate Univariate Multivariate
Parameters HR(95%CI) p HR(95%CI) p HR(95%CT) p HR(95%CI) p
Gender 1.267(0.869-1.848) 0.219 1.451(0.908-2.318) 0.120 1.581(1.074-2.327) 0.020 1.876(1.156-3.045) 0.101
Age 1.591(1.087-2.329) 0.170 1.446(0.929-2.250) 0.102 1.572(1.047-2.134) 0.120 1.343(0.855-2.110) 0.200
Tumor grade 0.739(0.473-1.156) 0.185 0.791(0.447-1.402) 0.423 0.627(0.397-0.990) 0.045 0.679(0.379-1.216) 0.193
Subtypes 1.029(0.690-1.534) 0.889 1.236(0.763-2.000) 0.389 1.039(0.696-1.551) 0.852 1.195(0.732-1.950) 0.476
Histological type 1.367(0.599-3.122) 0.458 1.922(0.659-5.607) 0.231 0.843(0.363-1.959) 0.692 1.282(0.417-3.942) 0.664
T-stage 2.837(1.759-4.578) <0.001  2.305(1.036-5.131) 0.041 2.796(1.734-4.506) <0.001  1.991(0.904-4.382) 0.087
N-stage 2.101(1.426-3.096) <0.001  1.041(0.615-1.763) 0.881 1.927(1.307-2.841) 0.001 0.951(0.556-1.626) 0.854
TNM stage 2.497(1.867-3.340) <0.001  3.104(1.772-5.437) <0.001  2.354(1.759-3.150) <0.001  2.915(1.672-5.081) <0.001
The following data for only stage II, III patients received chemotherapy
XELOX/FOLFOX 0.808(0.571-1.144) 0.229 0.676(0.458-0.997) 0.058 0.912(0.650-1.279) 0.594 0.869(0.590-1.280) 0.477
4courses/4-8 courses  1.034(0.625-1.711) 0.897 1.091(0.641-1.857) 0.748 0.818(0.493-1.357) 0.436 0.886(0.523-1.500) 0.652

CI=confidence interval, HR=hazard ratio, DFS=disease-free survival, OS=overall survival
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chromosome instability; CIMP: CpG island
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