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Abstract

Embryological, anatomical, and immunological differences between the right-sided and left-sided colons are well known,
but the difference in oncological behavior of colon tumors has only recently become the main subject of studies. Published
articles propose that there is a difference not only in symptoms, but also in survival. Our aim was to analyze the clinico-
pathological and oncological differences among our patients who had been operated for colon cancer in our department. We
examined the historical data of our patients who underwent colon resection for malignancy between 1st of January 2016
and 31st of December 2018. Tumor markers, histological results, postoperative complications, and oncological therapies
were investigated. The primary outcome was overall survival. We analyzed our patients’ survival data with Kaplan—Meier
log-rank test and Cox regression analysis. In our study, 267 patients were enrolled. One hundred thirty-three (49.8%) patients
had right-sided colon cancer; 134 (50.2%) patients had left-sided colon cancer. Patients with right-sided colon cancer were
significantly more likely to have mucinous adenocarcinoma (p =0.037). No significant differences were revealed in overall
survival between right-sided colon cancer and left-sided colon cancer patients (p =0.381). Additional subgroup analysis
showed that there were no significant differences in overall survival for laterality neither in the metastatic group (p =0.824)
nor in the non-metastatic group (p =0.345). Based on the conflicting previous study results, our findings repeatedly highlight
that the relationship between tumor location in the colon and overall survival is not straightforward.
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Introduction in the outcome of disease [3]. Anatomically, the proximal

colon arises from the midgut and receives its major blood

Colorectal cancer (CRC) is the third most common cancer
worldwide [1]. In Hungary, CRC is the second most com-
mon cause of cancer-related death in both men and women
[2]. Colon cancers can be divided into two groups based
on the localization of the primary tumor. Right-sided colon
cancer (RCC) and left-sided colon cancer (LCC) have dif-
ferent embryological, physiological, genetic, and clinical
characteristics, which lead to differences in prognosis and
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supply through the superior mesenteric artery; the distal
colon arises from the hindgut and is supplied by the infe-
rior mesenteric artery. Clinically, patients with RCC are
older and more likely to be women and are seen at first with
more advanced and poorly differentiated tumor stages [4].
For these above mentioned reasons, numerous studies have
reported that oncological outcomes of colon cancer are dif-
ferent according to the location of the tumor. In the litera-
ture, there are some controversial results regarding patients
with non-metastatic colon cancer. Some studies have sug-
gested no difference or better survival for right-sided tumor,
but two meta-analyses showed that survival is worse for
patients with right-sided colon cancer [5-8].

The effect of sidedness on determining the CRC progno-
sis still remains controversial. Our aim was to analyze the
clinicopathological and oncological differences among our
patients who had been operated for colon cancer.
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Patients and Methods
Study Design

We examined the historical data of our patients of the
Department of Surgery, Moritz Kaposi General Hospital,
Kaposvar, Hungary, who underwent colon resection for
malignancy between 1st of January 2016 and 31st of Decem-
ber 2018. We analyzed the data of 267 patients.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) patients older than
18 years; (2) patients who had histopathologically confirmed
colon cancer; and (3) radical surgical resection (resection
margin-R0) was performed. The exclusion criteria were
as follows: (1) patients who had unresectable tumor; (2)
patients who had rectal cancer (when the primary tumor was
aboral to 15 cm of anal verge); (3) patients who had under-
gone preoperative chemotherapy before surgery; (4) patients
who had R1 or R2 resections; (5) patients lost to follow-up.

Patients’ Record Assessment and Follow-up

We analyzed carcinoembryonic antigen (CEA) levels from
the preoperative routine blood test based on the international
reference value. The resected colon tumors were histopatho-
logically classified according to the seventh edition of the
tumor-node-metastasis (TNM) classification. Besides the
tumor markers and histological results, we also investigated
the type of surgery (laparoscopic or open), postoperative
complications, and oncological therapies. We attempted to
identify unique clinicopathological characteristics of RCC
and compare them with those of LCC. In the present study,
rectosigmoid, descending colon, and splenic flexure tumors
were considered LCC, whereas transverse colon, hepatic
flexure, ascending colon, and cecal tumors were considered
RCC. All evidence of recurrence was obtained from patient
medical records. Patients were followed-up every 6 months.

Statistical Analysis

We used STATA software to perform all statistical analyses.
Categorical variables were presented as a frequency or rate.
Continuous variables were presented as the median with
quartile range or the mean. For categorical data analysis, we
used Pearson’s chi-squared test, which determines the statis-
tically significant difference between the expected frequen-
cies and the observed frequencies in more categories of a
contingency table. The Kaplan—Meier estimate method with
a log-rank test was used to accomplish univariate analysis.
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The hazard ratio (HR) and 95% confidence intervals (CI)
estimated from the univariate and multivariate Cox regres-
sion analysis were detailed. P-value equal or less than 0.05
was considered statistically significant.

Ethics

Oral and written informed consent was obtained from the
patients. The study was approved by the Ethics Review
Committee of the Moritz Kaposi General Hospital.

Results

A total of 267 patients were enrolled in our study (Fig. 1).
Baseline characteristics of patients comparing the two sides
are presented in Table 1. One hundred thirty-three (49.8%)
patients had RCC; 134 (50.2%) patients had LCC. We exam-
ined overall 149 (55.81%) men and 118 (44.19%) women,
with a median age of 67.93 years (range 37-91). The median
follow-up period was 29.13 months (range 0-49). During the
follow-up period, 35 (13.1%) patients died.

Laparoscopic surgery was carried out in 48 patients
(17.98%) and open procedure was performed in 219 cases
(82.02%). In 56.18% of the patients, there were no lymph
node metastases. No significant difference was determined
in sex, age, clinical mode of presentation, and tumor size
comparing the two sides. Patients with RCC were signifi-
cantly more likely to have mucinous adenocarcinoma histol-
ogy (p=0.037).

With Kaplan—Meier log-rank test, no significant differ-
ences were revealed in overall survival (OS) between RCC
and LCC patients (p =0.381, Fig. 2). There were no signifi-
cant differences in OS between the two sides in terms of age,
sex, tumor size, N stage, M stage, CEA level, type of adeno-
carcinoma, number of reoperations, and postoperative com-
plications. We investigated our patients’ data also altogether
with the log-rank test and we found that T stage (p=0.023),
N stage (p <0.001), M stage (p <0.001), grade (p=0.012),
vascular (p <0.001) and perineural (p <0.001) invasion,
elevated CEA level (p <0.001), reoperation (p =0.022),
and postoperative complication (p <0.001) had significant
effect on OS (Fig. 3). Dukes’ stages were also significant
(» <0.001) variables with regard to the OS.

In univariate Cox regression analysis, the N stage
(HR=2.77, 95%CI1=1.38-5.56, p=0.004), M stage
(HR=3.45, 95%CIl=1.77-6.75, p <0.001), elevated CEA
level (HR =4.46, 95%CI=1.68-11.85, p=0.003), reopera-
tion (HR=3.17, 95%CI=1.12-8.99, p=0.030), and post-
operative complication (HR =3.26, 95%CI=1.59-6.65,
p=0.0001) were significantly associated with worse
OS. In multivariate Cox regression analysis, reoperation
(HR=4.10,95%CI=1.21-13.92, p=0.024), elevated CEA
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Fig.1 CONSORT diagram
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level (HR=2.88, 95%CI=0.99-8.32, p=0.050), and M
stage (HR=2.47, 95%CI=0.99-6.15, p=0.050) remained
significant and were associated with worse OS (Table 2).

Patients were also analyzed based on their metastatic
status. There were 216 (80.90%) patients in the non-met-
astatic group and 51 (19.10%) patients in the metastatic
group. The additional subgroup analysis revealed that in
the metastatic group, there were significantly more lymph
node metastasis in case of LCC (p=0.018) and had a sig-
nificantly higher CEA level (p =0.023). There was no strong
evidence of interaction for other factors and no significant
differences were found in OS for laterality neither in the
metastatic group (p=0.824), nor in the non-metastatic group
(p=0.345).

Discussion

In our cohort study, controversially to an article published in
2008, there were no significant differences in sex, age, and
tumor size comparing the two sides [4]. However, similar
to the result of a systematic review, we found significantly
more mucinous adenocarcinomas in RCC [9]. Reviews and

Left-sided colon cancer

i n=134 (50.2%) |

multiple studies have reported clinicopathological or genetic
differences between RCC and LCC [9-13]. With regard to
OS in our study, stratified analyses demonstrated that there
was no significant difference between RCC versus LCC
patients. Examining the entire cohort, regardless of lateral-
ity, we proved that preoperatively elevated CEA levels sig-
nificantly reduced survival in patients with colon cancer.
Adjuvant oncological treatment did not significantly affect
survival. Significant difference was revealed in survival in
terms of pathological T stage, grade, and perineural and vas-
cular invasions. In case of lymph node positivity and distant
metatasis, survival was significantly worse, and reoperation
or postoperative complication also reduced survival. One
previously published article also emphasized the impor-
tance of lymph node positivity for cancer-specific mortality
regardless of tumor sidedness [14].

According to the data of 414 patients, the OS and disease-
free survival (DFS) was found to be lower in RCC patients
compared to LCC [15]. Similarly to our results, a study with
427 patients found no difference in OS comparing the right-
and left-sided colorectal cancer, and there was a significantly
higher OS among patients with low CEA values [16]. In a
study published in 2020, the authors also did not observe
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Table 1 Baseline characteristics of patients

Characteristics All patients (n=267) Right-sided colon Left-sided colon can- P value
cancer (n=133) cer (n=134)

Age (years) 67.93 68.81 67.05 0.138

Sex
Men 149 (55.81%) 70 (52.63%) 79 (58.96%) 0.298
Women 118 (44.19%) 63 (47.37%) 55 (41.04%)

Preoperative CEA level (ng/ml)
Normal 111 (47.23%) 52 (45.61%) 59 (48.76%) 0.629
High 124 (52.77%) 62 (54.39%) 62 (51.24%)

T
1 14 (5.24%) 6 (4.51%) 8 (5.79%) 0.108
2 47 (17.60%) 21 (15.79%) 26 (19.40%)
3 145 (54.31%) 82 (61.65%) 63 (47.01%)
4 61 (22.85%) 24 (18.05%) 37 (27.61%)

N
0 150 (56.18%) 74 (55.64%) 76 (56.72%) 0.859
1 117 (43.82%) 59 (44.36%) 58 (43.28%)

M
0 216 (80.90%) 108 (81.20%) 108 (80.60%) 0.900
1 51 (19.10%) 25 (18.80%) 26 (19.40%)

Dukes’ stage
A 48 (17.98%) 20 (41.67%) 28 (58.33%) 0.156
B 94 (35.21%) 47 (50.00%) 47 (50.00%)
C 74 (27.71%) 41 (55.41%) 33 (44.59%)
D 51 (19.10%) 25 (49.02%) 26 (50.98%)

Tumor size (cen- 4.17 4.23 4.11 0.578

timeter)

Histological grade
I (well differentiated) 88 (32.96%) 45 (33.83%) 43 (32.09%) 0.248
II (moderately differentiated) 163 (61.05%) 77 (57.89%) 86 (64.18%)
I (poorly differentiated) 16 (5.99%) 11 (8.27%) 5 (3.73%)

Histological type
Non-mucinous 218 (81.65%) 102 (76.69%) 116 (86.57%) 0.037
Mucinous 49 (18.35%) 31(23.31%) 18 (13.43%)

Vascular invasion
0 159 (59.55%) 79 (59.40%) 80 (59.70%) 0.960
1 108 (40.45%) 54 (40.60%) 54 (40.30%)

Lymphovascular invasion
0 144 (53.93%) 71 (53.38%) 73 (54.48%) 0.858
1 123 (46.07%) 62 (46.62%) 61 (45.52%)

Perineural invasion
0 131 (86.52%) 113 (84.96%) 118 (88.06%) 0.459
1 36 (13.48%) 20 (15.04%) 16 (11.94%)

Reoperation
No 255 (95.51%) 124 (93.23%) 131 (97.76%) 0.074
Yes 12 (4.49%) 9(6.77%) 3(2.24%)

Postoperative complication
No 233 (87.27%) 111 (83.46%) 122 (91.04%) 0.063
Yes 34 (12.73%) 22 (16.54%) 12 (8.96%)
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Table 1 (continued)

Characteristics All patients (n=267) Right-sided colon Left-sided colon can- P value
cancer (n=133) cer (n=134)
Adjuvant oncological therapy
No 100 (37.59%) 46 (34.59%) 54 (40.60%) 0.311
Yes 166 (62.41%) 87 (65.41%) 79 (59.40%)
Bold values indicate significant differences (p <0.05)
Fig.2 Kaplan—Meier curve for
overall survival for colon cancer Kaplan-Meier survival estimates
laterality. RCC =right-sided o
colon cancer, LCC =left-sided S 7]
colon cancer (p=0.381)
” 1
l\. -
o
o
I.D. =
= Log-rank p-value=0.381
Te)
(\! =
o
o
Q =
(=) == T T T T T
0 10 20 30 40 50
analysis time
0s RCC — lcc

differences in overall, disease-specific, or relative survival
in patients with RCC versus LCC [17]. It was emphasized
in a large sample—sized study that there was no survival dif-
ference between RCC and LCC in the following situations:
older than 68 years old, T3—4, NO, poorly differentiated, and
undifferentiated diseases [18].

Several authors have reported that metastatic RCC is
associated with poorer long-term outcomes than LCC
[19-21], whereas other authors have reported that non-
metastatic RCC is associated with a better prognosis [6,
22]. In our additional subgroup analysis, we found that in
the metastatic group, there were significantly more lymph
node metastasis in case of LCC and these patients had a
significantly higher CEA level. There was no significant
difference in OS with regards to laterality. In a cohort of
53,801 patients, no overall difference was demonstrated
in 5-year mortality rate between right- and left-sided
colon cancer after adjusting for various variables [23]. It
is notable that this investigation only included patients

aged 65 and above, and their study was conducted over a
longer period compared to ours. In a study including 6365
patients, laterality was also not associated with differences
in long-term survival [5]. Based on a study that included
1725 patients, no significant difference was determined
between the RCC and LCC groups in terms of survival,
although the median survival time was higher in the LCC
group (62 vs. 43 months) [24]. In an article published in
2016, the authors analyzed 91,416 patients with stage I to
III colon cancer resected between 2004 and 2012. They
found improved OS for patients with RCC, but sidedness
was not associated with survival among patients with stage
II1, only in stage I and II disease [6].

The limitation of our study is the relatively small sam-
ple size and short follow-up, but we will continue the study
based on our preliminary work. Results of previously pub-
lished studies are not consistent; therefore, the extent to
which disease sidedness is prognostic remains unclear.
Further prospective studies are required.
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Fig.3 Kaplan—Meier curves for overall survival for the entire cohort.
a T stage (p=0.023), b N stage (p<0.001), ¢ M stage (p<0.001), d

grade (p=0.012), e vascular invasion (p<0.001), f perineural inva-

sion (p<0.001), g elevated CEA level (»p<0.001), h reoperation
(p=0.022), i postoperative complication (p <0.001)

Table 2 Univariate and

Lo . Variables Univariate analysis Multivariate analysis

multivariate Cox regression

analysis of overall survival HR (95%CI) P-value HR (95%CI) P-value
Histological type (mucinous/non- 1.29 (0.59-2.84) 0.526 - -

mucinous adenocc)

Tumor size (<5/>5 cm) 0.96 (0.45-2.06) 0.924 - -
N stage (0/1) 2.76 (1.38-5.56) 0.004 1.44 (0.54-3.87) 0.464
M stage (0/1) 3.45(1.77-6.75) <0.001 2.47 (0.99-6.15) 0.050
CEA level (<3/>3 ng/ml) 4.46 (1.68-11.85) 0.003 2.88 (0.99-8.32) 0.050
Postoperative complication (0/1) 3.26 (1.59-6.65) 0.001 - -
Reoperation (0/1) 3.17 (1.12-8.99) 0.030 4.10 (1.21-13.92) 0.024
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Conclusion

Comparing right-sided colon cancer and left-sided colon
cancer, we found significantly more mucinous adenocarci-
noma histology type in right-sided colon cancer, but there
was no significant difference in overall survival. Based on
the conflicting previous study results, our findings repeat-
edly highlight that the relationship between tumor location
in the colon and overall survival is not straightforward.
It is important to plan further clinical trials to clarify the
existence of the difference between the two sides of the
colon for the purpose of individual patient management.
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