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Abstract

The aim of this study is to compare survival rates between right and left colon cancers following curative intent oncologic
resection. The data of right- (between cecum and proximal two-thirds of the transverse colon) and left-sided (between distal one-
third of the transverse colon and distal sigmoid colon) colon cancer patients, operated with curative intent including central
vascular ligation between January 2005 and 2015, were recorded in a prospectively compiled database. Epidemiologic and
clinical characteristics (laparoscopic resection, multivisceral resection, lymph node yield, metastatic lymph node yield, patho-
logic stage, duration of operation), early post-operative results, and overall 5-year survival rates were abstracted. A total of 426
patients were included. There were no differences in epidemiologic and clinical characteristics between two groups (p > 0.05),
except a higher median lymph node yield in right-sided colon cancers (31 vs 24, p <0.001). Cox regression analysis identified no
differences in overall 5-year survival rates between right (76.9%) and left colon (76.4%) cancers (p = 0.752). In right-sided colon
cancer group, 5-year overall survival was significantly higher with laparoscopic resection (60.5% vs 78.9%, p =0.008). There
were no significant differences in left-sided colon cancer group per surgical approach (p =0.357). Curative intent oncologic
resection with central vascular ligation provided similar overall 5-year survival rates in right- vs left-sided colon cancers.
Laparoscopic resection provided a significantly increased 5-year overall survival in right colon cancer group.
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Introduction

In the last decade, a trend for increased right-sided colonic
cancer incidence was reported with an associated decrease in
survival. A number of studies have demonstrated several
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different gene expressions comparing ascending and descend-
ing colon cancers [1-3]. This led to a classification of colonic
cancer by subsite, i.e., the right- vs left-sided colon cancer, in
order to distinguish different oncologic features and out-
comes. This concept was analyzed in a number of studies dem-
onstrating a worse prognosis in right colon cancer, whereas
advanced age and female gender are also more frequently en-
countered in right colon cancer patients [4-6]. But, there are
opposite articles in the literature. The results of a large-scale US
database study demonstrated no survival difference between
right- and left-sided colon cancers [7]. Another Japanese study
reported no difference in disease free survival between right-
and left-sided stage I-III colon cancer patients [§].

Because total mesorectal excision decreases local recur-
rence rate and increases overall survival rate, it has become
a widely adopted concept in rectal cancer surgery and the
similar technique has been recently recommended for colon
cancer surgery. This includes ligating vascular structures at
their origin and dissection through embryologic planes, which
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results in an increased lymph node harvest, decreased local
recurrence, and increased survival from colon cancer as com-
pared to standard hemicolectomy [9-13].

In our institution, the standard approach to colon cancer—
open or laparoscopic resection—involves sharp dissection
through embryologic planes and central vascular ligation in
both right- and left-sided cancers. We hypothesized that this
surgical approach can provide similar survival rates for both
right- vs left-sided colonic cancers; and it can be performed
laparoscopically with at least equal survival rates.

Methods

All colon cancer patients treated at our institution from
January 2005 to January 2015 were recorded in a prospective-
ly compiled database. After obtaining institutional review
board approval epidemiologic (age, gender, body mass index),
and clinical characteristics (laparoscopic resection,
multivisceral resection, lymph node yield, metastatic lymph
node yield, pathologic stage, duration of operation), early
post-operative results and overall 5-year survival rates were
abstracted. The study population was divided into right- and
left-sided colon cancer groups retrospectively compared. For
the purposes of this study, right-sided colon cancer was de-
fined as located between caecum and proximal two-thirds of
the transverse colon and left-sided colon cancer as located
between distal one-third of the transverse colon and distal
sigmoid colon. All operations were performed with curative
intent including central vascular ligation (vascular ligation at
the origin of the vessels) and through embryologic planes
(Fig. 1).

In our institution, the standard of care for splenic flexure
cancers is subtotal colectomy. Patients with stage IV cancers,
patients who did not receive neoadjuvant therapy, patients

with clinical findings of intestinal obstruction or perforation,
patients diagnosed for synchronous or metachronous cancers,
and those with positive surgical margins were excluded from
this study. Neoadjuvant therapy in colon cancer is not the
standard of care in our institution. All cases were discussed
in a multidisciplinary oncology meeting, and adjuvant therapy
was planned if the final pathology report reflected T3N+ or
above in medically fit patients as examined by the medical
oncology team. Overall survival was extracted from the na-
tional healthcare system records.

The cohorts of right- and left-sided colon tumors were
compared for differences in epidemiologic (age > 65, gender,
BMI > 30) and clinical characteristics (laparoscopic resection,
multivisceral resection, lymph node yield, metastatic lymph
nodes, total operating time [TOT], pathologic stage) using
bivariate analysis. Chi-square or Fisher’s exact tests were used
to compare categorical variables. Continuous variables were
examined for normality of distribution using the Shapiro—
Wilk test. Student’s ¢ test was used for analysis of normally
distributed variables and the non-parametric Mann—Whitney
U test for analysis of values with a non-normal distribution.

The post-operative outcomes including mean initial flatus
time, mean initial defecation time, mean initial oral feeding
time, length of hospital stay (LOS), mean transfusion require-
ments, 30-day complications (including surgical site infec-
tions, prolonged ileus, anastomotic leak), 30-day mortality,
and re-laparotomy rates were compared between the right-
and left-sided colon cancers.

Overall 5-year survival was compared between right- and
left-sided colon cancers using Mantel-Cox log-rank sum test.
Cox proportional hazards regression model was performed to
compare survival between the study groups after adjusting for
clinically significant confounders.

The impact of surgical technique on survival was evaluated
in right-sided and left-sided colon cancer groups. In our
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institution, the standard of care for colon cancer requiring
multivisceral resection is by means of open surgery. To avoid
a selection bias in favor of laparoscopic resection, patients
with multivisceral resection were excluded and remaining pa-
tients were compared for epidemiologic, clinical, and patho-
logic characteristics. Overall 5-year survival was then com-
pared using Mantel-Cox log rank sum test between open and
laparoscopic resection pairwise within each strata. Cox pro-
portional hazards regression model was used to compare sur-
vival between the study groups after adjusting for clinically
significant confounders.

Results

A total of 426 patients were included into the study. There
were no significant differences in age, gender, BMI, TOT,
laparoscopic resection, and multivisceral resection between
two groups (p >0.05) (Table 1).

Pathologic T-stage, N-stage, metastatic lymph nodes, and
pathologic stage were not significantly different between
right- and left-sided colon cancer groups (p > 0.05), but medi-
an lymph node yield was greater in right-sided colon cancer
group (p<0.001) (Table 1). Histo-pathologic markers were
not significantly different between right- and left-sided colon
cancer groups (p >0.05) (Table 1).

Post-operative outcomes were similar between the two
groups, except initial flatus time and LOS (p =0.049 and
p=0.002, respectively) (Table 1).

The median follow-up is 52 months. There were no differ-
ences in overall survival rates among right- vs left-sided colon
cancer (p =0.299) throughout the entire longitudinal follow-
up. Cox regression analysis was performed to evaluate overall
S-year survival after adjusting for clinically relevant con-
founders (laparoscopic resection, multivisceral resection, T-
stage, N-stage, pathologic stage), and no significant difference
was observed (76.9% vs 76.4%, p =0.752) (Table 2).

The impact of surgical technique on survival was evaluated
in right- and left-sided colon cancer groups. To avoid a selec-
tion bias in favor of laparoscopic resection, patients with
multivisceral resection (n = 14) were excluded and remaining
patients were compared for epidemiologic, clinical, and path-
ologic characteristics. No significant differences were encoun-
tered between right- and left-sided colon cancer groups when
compared per surgical approach (p > 0.05) (Table 3).

After adjusting for confounders (laparoscopic resection, T-
stage, N-stage, pathologic stage), Cox regression proportional
hazard model was used to evaluate whether the surgical tech-
nique affected survival in right- and left-sided colon cancer
groups. In right-sided colon cancer group, 5-year overall sur-
vival was significantly higher with laparoscopic resection
(60.5% vs 78.9%, p=0.008). There were no significant dif-
ferences in left-sided colon cancer group per surgical approach
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(p=0.357) (Table 4; Fig. 1). Logistic regression analysis was
performed separately to identify independent predictors of
survival in each group. In right-sided colon cancer group, N-
stage (AOR =2.30 [1.59, 3.32], p<0.001) and laparoscopic
resection (AOR =0.46 [0.26, 0.82], p = 0.008) were identified
as independent predictors of survival.

Discussion

When each stratum was separately compared per surgical ap-
proach, laparoscopic resection was associated with a signifi-
cantly increased overall 5-year survival in right-sided colon
cancer (60.5% vs 78.9%, p =0.008).

There is an increased incidence of microsatellite instability
in right- and increased chromosomal instability in left-colon
cancers, which confirm the heterogeneity and genetic differ-
ences between the two colonic segments [14]. There is a
marked difference in colorectal cancer incidence in individ-
uals who share a similar genetic inheritance but are living in
different geographical areas. This has been proposed to under-
line the importance of lifestyle and dietary habits in colorectal
cancer development in addition to genetic susceptibility [15].
Proximally located colon cancers have been reported with
increased incidence of advanced stage, grade, and undifferen-
tiated pathology. Higher cancer specific mortality rates were
observed in proximal colon cancers [16]. In the present study,
microsatellite or chromosomal instability analyses were not
routinely performed. The various histopathologic markers
analyzed—including lymphatic invasion, venous invasion,
and tumor infiltrating lymphocytes—were not different
among right- vs left-sided colon cancers (p > 0.05).

Right-sided colon cancer has been associated with de-
creased survival, which led to a proposal of dividing colonic
cancer into two different entities by subsite. The first large-
scale trial on this concept, by Meguid et al., analyzed the
Surveillance, Epidemiology, and End Results Program
(SEER) database from 1988 to 2003 encompassing 77.978
patients and demonstrated a worse prognosis in right colon
cancer. Right colon cancers were associated with an increased
incidence of advanced stage at presentation, advanced grade,
and N2 status [4]. Interestingly, stage II right colon cancers
had a better prognosis as compared to left colon cancers. Also,
this study did include stage IV cancers, which renders the
interpretation of survival data difficult. Similarly, Suttie et al.
reported decreased survival for right-sided colon cancer after
controlling for age, histological grade, and tumor stage and
attributed these results to a more advanced stage at presenta-
tion and a lower curative resection rate in right-sided colon
cancer [5]. In a recent study, right- vs left-sided colon cancer
survival was compared in a large-scale German database.
Right-sided colon cancers had a higher incidence of locally
advanced disease and lymph node metastasis, though the
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Table 1 Epidemiologic, clinical, and pathologic characteristics
Right-sided colon cancer Left-sided colon cancer p value
(n=189) (n=237)
Age (median) 64 (27-87) 63 (16-93) 0.558
Age > 65 88 (46.6) 97 (40.9) 0.244
Male:female 103:86 (54.5):(45.5) 132:105 (55.7):(44.3) 0.805
BMI>30 22 (11.6) 20 (8.4) 0.327
TOT (> 120 min) 104 (55.0) 137 (57.8) 0.565
Laparoscopic resection 137 (72.5) 181 (76.4) 0.360
Multivisceral resection 14 (7.4) 17(7.2) 1.000
T-stage 0.074
1 6(3.2) 7 (3.0
2 11 (5.8) 28 (11.8)
3 148 (78.3) 184 (77.6)
4 24 (12.7) 18 (7.6)
N-stage 0.495
0 101 (53.4) 140 (59.1)
1 63 (33.3) 68 (28.7)
2 25(13.2) 29 (12.2)
Lymph node yield (median) 31 (6-76) 24 (3-88) <0.001
Pathologic stage 0.356
1 14 (7.4) 24 (10.1)
2 81(42.9) 110 (46.4)
3 94 (49.7) 103 (43.5)
Histo-pathologic markers
Angio-lymphatic invasion 106 (56.1) 126 (53.2) 0.558
Venous invasion 43 (22.8) 62 (26.2) 0.431
Crohn-like reaction 95 (50.3) 104 (43.9) 0.205
Tumor infiltrating lymphocytes 65 (34.4) 76 (32.1) 0.679
Tumoral budding 84 (44.4) 86 (36.3) 0.092
Perineural invasion 72 (38.1) 76 (32.1) 0.219
Mesenteric tumor nodules 58 (30.7) 65 (274) 0.519
Post-operative outcomes
Initial flatus time (median) 2(1-8) 2 (1-11) 0.049
Initial defecation time (median) 3 (1-8) 3 (1-11) 0.403
Initial oral feeding time (median) 3 (1-18) 3 (1-36) 0.065
Length of hospital stay (median) 7 (3-50) 6 (3-61) 0.002
Transfusion requirements (median) 0 (0-5) 0(0-9) 0.108
30-day complications 26 (13.8) 22(9.3) 0.166
30-day mortality 3 (1.6) 3(1.3) 1.000
Re-laparotomy 10(5.3) 7(3.0) 0.319

Values in parentheses are percentages unless indicated otherwise
PRBC packed red blood cells

cause of these differences was not clearly demonstrated. The
different outcomes related to site were concluded as most
likely related to environmental and genetic factors [6]. Weiss
et al. analyzed SEER data from 1992 to 2005 including stage
I-11I colon cancer patients aged 66 years and older and report-
ed that right-sided cancers had a preponderance of female

gender, advanced age, and advanced stage [7]. Overall 5-
year survival was similar between right- and left-sided colon
cancers, though stage II right-sided cancers had lower mortal-
ity. Of note, at least half of colon resections in both groups
retrieved less than 12 nodes (right-sided 55.7% vs left-sided
49.6%, p < 0.001), which raises concerns about the quality of
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Table 2  Overall survival analysis

Kaplan—Meier Overall survival (%)
Right-sided colon cancer 69.0

Left-sided colon cancer 74.2

Cox proportional hazard regression model* S-year survival (%)
Right-sided colon cancer 76.9

Left-sided colon cancer 76.4

Mean survival month(s) £ SEM [95% CI] p value
87.1+3.5[80.2, 94.1] 0.299
89.5+3.0 [83.6, 95.4]

OR [95% CI] p value
1.06 [0.74, 1.53] 0.752

SEM standard error of the mean, OR odds ratio

*Adjusted for confounders: laparoscopic resection, multivisceral resection, T-stage, N-stage, pathologic stage

oncologic resections. Moritani et al. studied recently the re-
currence patterns of right- vs left-sided colon resections and
reported no significant differences in the distribution of the
first recurrence sites and disease free survival rates [8]. In
contrast to the previous studies, there were no differences in
epidemiological characteristics and pathologic stages between
right- and left-sided colon cancers in the present study
(p > 0.05). The utilization of screening colonoscopy, especial-
ly in low-income areas, varies significantly. The colonoscopy
is usually delayed until symptoms become overt, which results
in a late diagnosis of right-sided colon cancers as compared to
left-sided lesions. This ultimately results in advanced stage
and worse prognosis associated with right-sided colon cancers
[16, 17]. In our country, the national healthcare system covers
all individuals with free access to medical facilities. Although

there was no screening program in place throughout the study
period, colonoscopy is offered and performed without any
charges to all patients who present to outpatient clinics with
a suspicion of colon cancer. This may have resulted in a clear-
ance of the abovementioned drawbacks against right colon
tumors, which also may explain the indifferences regarding
age, gender, and stage in right- and left-sided colon cancer
patients.

Recent study also has demonstrated similar overall 5-year
survival rates for right- and left-sided colon cancers (76.9% vs
76.4%, respectively, p =0.752). Even though dissection of at
least 12 lymph nodes is considered adequate in colon cancer
staging, there is an established positive relation between in-
creasing lymph node harvest and survival [18]. In the present
study, following curative intent resection with central vascular

Table 3  Epidemiologic, pathologic, and clinical characteristics per surgical approach
Right-sided colon cancer p value Left-sided colon cancer p value
OR (n=41) LR (n=134) OR (n=43) LR (n=177)

Age> 65 22 (53.7) 59 (44.0) 0.289 23 (53.5) 71 (40.1) 0.124
Male gender 22 (53.7) 74 (55.2) 0.860 21 (48.8) 102 (57.6) 0.310
BMI > 30 (17.4) (6.5) 0.111 (13.6) (10.6) 0.712
TOT > 120 min 17 (41.5) 78 (58.2) 0.074 21 (48.8) 103 (58.2) 0.305
Lymph node yield (median) 30 (7-76) 30 (6-60) 0.949 27 (4-55) 22 (3-88) 0.379
T-stage 0.302 0.185

1 2 (4.9) 4(3.0) 0 (0.0) 7 (4.0)

2 5(12.2) 6 (4.5) 3(7.0) 23 (13.0)

3 31 (75.6) 112 (83.6) 36 (83.7) 140 (79.1)

4 3(7.3) 12 (9.0) 409.3) 7 (4.0)
N-stage 0.234 0.336

0 18 (43.9) 77 (57.5) 24 (55.8) 103 (58.2)

1 16 (39.0) 44 (32.8) 16 (37.2) 50 (28.2)

2 7(17.1) 13 (9.7) 3(7.0) 24 (13.6)
Pathologic stage 0.208 0.409

1 5(12.2) 9 (6.7) 3(7.0) 20 (11.3)

2 14 (34.1) 65 (48.5) 18 (41.9) 85 (48.0)

3 22 (53.7) 60 (44.8) 22 (51.2) 72 (40.7)

Values in parentheses are percentages unless indicated otherwise
OR open resection, LR laparoscopic resection
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Table 4  Cox proportional hazard model for overall survival (multivisceral resection excluded)
S-year survival (%) AOR [95% CI] p value
Right-sided colon cancer
Open resection 60.5 0.45[0.25, 0.81] 0.008
Laparoscopic resection 78.9
Left-sided colon cancer
Open resection 69.6 0.7510.41, 1.38] 0.357
Laparoscopic resection 773

Adjusted for confounders: laparoscopic resection, T-stage, N-stage, pathologic stage

SEM standard error of the mean, AOR adjusted odds ratio

ligation, median lymph node yield in right-sided colon cancers
was greater than left-sided lesions (31 vs 24, p < 0.001). The
increased lymph node harvest associated with right-sided co-
lon resections has probably also contributed to the relatively
increased survival as compared to previous reports.

Through advancing technology and increasing demand by
both patients and industry, laparoscopic surgery is becoming
increasingly incorporated into surgical practice. At the begin-
ning of 2000, laparoscopic colon resection was compared with
open resection by a number of trials and pathologic, short-
term clinical and oncological outcomes were reported similar
with using both approaches [19-21]. Since 2010, the long-
term outcomes of laparoscopic colorectal surgery have started
to be published and these studies have confirmed the short-
term outcomes of previous studies and have supported the fact
that using laparoscopic surgery for colorectal cancer is safe
and efficient [22, 23]. In 2009, Hohenberger et al. described
the total mesocolic excision technique for colon cancer sur-
gery, which is an analogue to the total mesorectal excision
technique as described by Heald [9]. Hohenberger et al. re-
ported a 7% increase in cancer-related 5-year survival of colon
cancer after performing of complete mesocolic excision with
central vascular ligation [10]. The median harvested lymph
node using this technique was shown to be greater than the
standard hemicolectomy (30 vs 18, p <0.0001) [11]. After the
introduction of complete mesocolic excision, the feasibility of
the application of these principles in the laparoscopic setting
remains controversial, especially in right colon cancer [10].
The trial conducted by West NP et al. has endorsed this find-
ing. They have revealed that this dissection plane can be ap-
plied more easily in the left-sided resections than right-sided
resections, and it improves 5-year survival, especially in stage
III disease [24]. As described in detail by Acar et al. in their
dynamic article from Ankara University, the development of
this dissection plane requires particular caution and they indi-
cate this technique may lead to achieve better outcomes in
colon cancer patients [25]. In the present study, all colon re-
sections were performed by six faculty members, who are
experienced colorectal surgeons. We found no differences in
lymph node harvest in right- and left-sided colon cancer strata
between open vs laparoscopic resections (p > 0.05). The strata

were comparable for TNM stages, and a significant survival
benefit was observed in favor of laparoscopic resection in
right-sided colon cancer group (60.5% vs 78.9%, p =0.008).
This increased survival in laparoscopy groups needs to be
explained. The trial from Spain has represented lower acute
phase systemic response with laparoscopic-assisted
colectomy [26]. In the experimental animal study from
Mayo Clinic, it has been concluded that systemic levels of
proinflammatory cytokines and VEGF increase after laparot-
omy compared to laparoscopy, and they have been found to be
associated with increased angiogenesis and tumor growth
[27]. COLOR I trial revealed that laparoscopic surgery (LS)
provides equal results as open surgery (OS) in terms of local
recurrence and disease-free and overall survival for rectal can-
cer. Furthermore, they found better disease free survival with
LS in patients who had stage III disease (LS 64.9% vs OS
52.0%) [28]. Lacy et al. reported same advantages of LS in
lymph node—positive colon cancer patients. Both studies
claim that causing less stress response and influencing im-
mune functions lesser than OS are reasons for the survival
benefit of LS [19, 28]. We believe that this increased survival
in laparoscopic resection group is associated with its immu-
nological effects and being less traumatic as Law et al. report-
ed in their trial that laparoscopic colorectal surgery had posi-
tive effects not only on the short-term results but also on the
general and disease-free survival rates [29]. When Cox regres-
sion proportional hazard regression model was used, N-stage
(AOR =2.30[1.59, 3.32], p<0.001) and laparoscopic resec-
tion (AOR =0.46 [0.26, 0.82], p=0.008) were identified as
independent predictors of survival in the right-sided colon
cancer group.

The major drawback associated with this study is by its
retrospective nature. However, the right- and left-sided colon
cancer patients were comparable for epidemiologic, clinical,
and pathologic characteristics, which allow the analyses to be
performed in a most possible homogenous population. The
lack of disease free survival is the second disadvantage of
the current study. Our institution is a tertiary referral center
and at least half of the patients travelled from all over the
country and were followed-up in institutions close their
homes. This has restricted our access to the disease-free
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survival rates severely, but the overall survival data was ex-
tracted from the national healthcare system records, which are
universally 100% reliable and accurate.

Conclusion

Following curative intent oncologic resection with central vas-
cular ligation, lymph node yield was greater for right-sided
colon tumors. Short-term post-operative outcomes were clin-
ically comparable among both groups. When adjusted for
clinically relevant confounders, 5-year overall survival rates
were not different between right- and left-sided colon cancers.
Laparoscopic resection provided a significantly increased 5-
year overall survival in right colon cancer group.
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