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Abstract
Purpose Proximal and distal colon cancers differ in terms of epidemiology, clinical presentation, and pathologic features. The
aim of our study was to evaluate the impact of right-sided (RC), transverse (TC), and left-sided (LC) colon cancer on morbidity
rates and oncological outcomes.
Methods A retrospective analysis of patients with resected colon cancer between 2004 and 2014 was conducted. Cox propor-
tional hazard models were used to assess predictors of overall (OS), and disease-specific survival (DSS), as well as disease-free
survival (DFS).
Results A total of 1189 patients were included. RC patients (n = 618) were older, predominantly women, and had a higher
comorbidity rate. LC (n = 454) was associated with symptomatic presentation and increased rates of laparoscopic surgery.
Multivisceral resections were more frequently performed in TC tumors (n = 117). This group was admitted 1 day longer and
had a higher complication rate (RC 35.6% vs. TC 43.6% vs. LC 31.1%, P0.032). Although the incidence of abscess/leak was
similar between the groups, the necessity of readmission and subsequent reoperation for a leak was significantly higher in LC
patients. Pathology revealed more poorly differentiated tumors and microsatellite instability in RC. Kaplan-Meier curves dem-
onstrated worse 5-year OS for right-sided tumors (RC 73.0%; TC 76.2%. LC 80.8%, P0.023). However, after adjustment, no
differences were found in OS, DSS, and DFS between tumor location. Only pathological features were independently correlated
with prognosis, as were baseline characteristics for OS.
Conclusion Tumor location in colon cancer was not associated with survival or disease recurrence. Pathological differences
beyond tumor stage were significantly more important.
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Introduction

Colorectal cancer is one of the most commonly diagnosed
cancers in both men and women worldwide. The decline in
incidence and mortality rates over the last decades reflects the

impact of the reduction of risk factors, the introduction of
screening programs, and altered treatment patterns [1, 2].
Previous studies reported a shift in the distribution of colon
cancer toward the proximal side of the colon [3, 4]. Already in
the early 1990s, a distinction in clinical outcomes and patho-
logical features within different segments of the colon relative
to colon cancer was suggested [5]. Subsequent research elab-
orated on this topic and a discussion as to whether to consider
proximal and distal colon cancer as two different diseases was
raised [6]. However, up until now, these results have had no
consequences on screening or treatment patterns.

The proximal and distal parts of the large intestine are
physiologically separate, due to different embryological ori-
gins. The right colon arises from the midgut, as does the prox-
imal two-thirds of the transverse colon. The left colon, includ-
ing the distal one-third of the transverse colon, derives from
the hindgut. Consequently, there is not only a difference in
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blood supply but also potentially in gene expression and clin-
ical presentation [6, 7]. In addition, the genetic carcinogenetic
pathways may be different [8–10]. Three major pathways for
sporadic colorectal cancer have been described: chromosomal
instability (CIN), microsatellite instability (MSI), and more
recently the serrated pathway classified as the CpG island
methylator phenotype (CIMP). While CIN is observed in the
vast majority of colorectal cancers, it is associated with distal
cancers, whereas the latter two pathways have been linked to
more proximal colon cancers [8, 11].

Although distinct differences exist, the influence on prog-
nosis remains unclear. Some studies suggested higher mortal-
ity for right-sided tumors [7, 12], while others found no dif-
ferences [13]. Unfortunately, most of the conducted studies
were limited in their ability to adjust for a wide range of
potential confounders. Furthermore, to our knowledge, none
of the studies compared transverse colon cancer as a separate
entity. Therefore, the aim of our study was to determine clin-
icopathological differences and the prognostic impact of pri-
mary tumor location in colon cancer.

Materials and methods

Study design and population

A cohort study was designed from a prospectively maintained
and IRB-approved database that included all primary colon
cancer patients who underwent surgical treatment at
Massachusetts General Hospital between 2004 and 2014.
Patients who underwent an emergency procedure (n = 152),
had a total colectomy (n = 88), or received neoadjuvant ther-
apy (n = 62) were excluded. Patients were divided into three
groups: right-sided, transverse, and left-sided colon cancer.
TC was defined as the resection of the transverse colon only,
while RC included the resection of the cecum, ascending co-
lon, and hepatic flexure, and LC the resection of the splenic
flexure, descending colon, and sigmoid.

The main outcome measures for this study were overall
survival (OS), disease-specific survival (DSS), and disease-
free survival (DFS). Data on long-term outcomes was updated
periodically by reviewing patient follow-up records and the
Massachusetts General Hospital’s cancer registry. Secondary
outcomes included patient characteristics, pathological fea-
tures, and perioperative outcomes. All time to events was cal-
culated from date of surgery.

Statistical analyses

Continuous variables were analyzed using a Kruskal-
Wallis H test for the differences between all three groups,
while group-specific differences compared with the re-
mainder of the population were performed through a

Mann-Whitney U test. Continuous variables are presented
as the mean with a standard deviation (SD) or the median
with an interquartile range (IQR) according to the distri-
bution (Kolmogorov-Smirnov and Shapiro-Wilk test).
Categorical variables are presented as the percentages of
patients. Differences in dichotomous variables were
assessed using a chi-square (χ2) test or Fisher’s exact test
where appropriate. Long-term outcomes were performed
for stage I–III colon cancer only. Kaplan-Meier curves for
overall (OS), disease-specific survival (DSS), and disease-
free survival (DFS) were assessed within each stage and
all stages combined using log-rank testing. Multivariate
analyses were performed using a Cox proportional hazard
model to determine risk factors for overall, disease-spe-
cific, and disease-free survival. Variables significant in
univariate analysis were entered into the model. Results
are reported as hazard ratios (HR) with a 95% confidence
interval (CI). All statistical analyses were performed using
SPSS (IBM Corp. Released 2013. IBM SPSS Statistics
for Macintosh, Version 24.0. Armonk, NY: IBM Corp.).
The threshold for statistical significance was set at a two-
sided P value of 0.05 or less.

Results

Of the 1189 patients who underwent an elective single-
segment colectomy for colon cancer at our tertiary center
between 2004 and 2014, 52.0% (n = 618) had right-sided
colon cancer, 9.8% (n = 117) a transverse colon cancer,
and 38.2% (n = 454) a left-sided colon cancer. Patient
characteristics are summarized in Table 1. Median age
(RC 71.4 vs. TC 70.3 vs. LC 62.6 years, P < 0.001) and
mean ASA score (RC: 2.43 vs. TC 2.34 vs. LC 2.25,
P < 0.001) were significantly different between the three
groups. In terms of group-specific differences compared
with the remainder of the population, patients with RC
were older, had a higher ASA score (P < 0.001), and were
more likely to be female (P0.003) and Caucasian
(P0.014). LC patients were younger, had a lower ASA
score (P < 0.001), and were more often male (P0.003)
and Asian (P0.004). When considering comorbidities,
RC patients had more frequently a history of diverticulitis
(P0.045), chronic pulmonary disease (P0.029), prior ab-
dominal surgery (P0.011), and anemia (P < 0.001). The
incidence of anemia (P < 0.001), congestive heart failure
(P0.033), chronic pulmonary disease (P0.013), or prior
abdominal surgery (P0.001) was significantly lower in
LC patients. TC patients had a higher incidence of alcohol
abuse (P0.041). A symptomatic presentation was more
often seen in patients with left-sided tumors, including
complaints of changes in stool habits (P0.002), constipa-
tion (P0.014), and hematochezia (P < 0.001).
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Pathology features

Statistically significant variations existed between the three
groups in AJCC stage, nodal disease, tumor grade, microsat-
ellite instability, tumor size, colonic specimen length, and
lymph-node harvest (Table 2). Poorly differentiated tumors
were seen more often in right-sided colon cancer (RC 22.5%
vs. TC 14.5% vs. LC 11.2%, P < 0.001), as was high-
microsatellite instability, and presence of both HPMS2 and
HMLH1 loss (P < 0.001). Lymph-node-positive disease was
correlated with left-sided cancer (RC 37.4% vs. TC 25.6% vs.
LC 43.0%, P0.010). Furthermore, LC was associated with
smaller tumor size, fewer lymph nodes harvested
(P < 0.001), and more perineural invasion (P0.022). TC was
associated with a significantly longer colonic specimen length
(median RC 20 vs. TC 30 vs. LC 23 cm, P < 0.001), and less
lymph-node positive disease (P0.003). R0 resections were
achieved in comparable numbers (RC 92.1% vs. TC 96.6%
vs. LC 93.6%, P0.182).

Peri-operative outcomes

Analysis of peri-operative outcomes is demonstrated in
Table 3. Left-sided colon cancer resections were completed
more often laparoscopically (RC 31.9% vs. TC 30.8% vs.
LC 39.0%, P0.010) with a subsequent significantly longer
median time of surgery (RC 104 vs. TC 135 vs. LC
135 min, P < 0.001). The overall laparoscopic conversion rate
was 4.0%, with no difference between the groups (RC 3.1%
vs. TC 6.8% vs. LC 4.6%, P0.119). The rate of adhesions was
remarkably higher in RC patients (P < 0.001). Although not
significantly different, multivisceral resections were more fre-
quently performed in TC resections (RC 10.4% vs. TC 15.4%
vs. LC 8.8%, P0.054). Of all patients with transverse colon
cancer, 44.4% underwent a transverse colectomy and 55.6%
an extended right or left colectomy.

Median length of stay and rate of complications within
30 days of surgery was significantly different between the
groups. TC patients were admitted 1 day longer and

Table 1 Patient characteristics
and comorbidities N = 1189 Right colectomy,

N = 618 (52.0%)
Transverse,
N = 117 (9.8%)

Left colectomy,
N = 454 (38.2%)

P value

Age 71.4 (60.9–80.3)*** 70.3 (58.5–80.3) 62.6 (51.9–73.8)*** < 0.001

Gender, male 273 (44.2%)** 57 (48.7%) 244 (53.7%)** 0.008

ASA 2.43 ± 0.60*** 2.34 ± 0.51 2.25 ± 0.55*** < 0.001

BMI 26.5 (22.9–30.2) 26.5 (23.8–31.3) 26.9 (23.5–31.1) 0.348

Ethnicity 0.001

Caucasian 566 (91.6%)* 103 (88.0%) 396 (87.2%)*

Asian 14 (2.3%) 1 (0.9%) 23 (5.1%)**

Afro American 17 (2.8%) 6 (5.1%) 14 (3.1%)

Other 21 (3.4%) 7 (6.0%) 21 (4.6%)

Alcohol abuse 37 (6.0%) 13 (11.1%)* 29 (6.4%) 0.120

Nicotine dependence 55 (8.9%) 14 (12.0%) 51 (11.2%) 0.355

Comorbidity

CHF 40 (6.5%) 9 (7.7%) 17 (3.7%)* 0.088

CPD 63 (10.2%)* 11 (9.4%) 27 (5.9%)* 0.045

DM II 111 (18.0%) 21 (17.9%) 65 (14.3%) 0.260

Diverticulitis 61 (9.9%)* 9 (7.7%) 29 (6.4%) 0.121

IBD 7 (1.1%) 0 (0.0%) 6 (1.3%) 0.467

Renal disease 35 (5.7%) 6 (5.1%) 22 (4.8%) 0.837

Anemia 221 (35.8%)*** 25 (21.4%) 51 (11.2%)*** < 0.001

Previous abdominal surgery 282 (45.6%)* 55 (47.0%) 164 (36.1%)** 0.004

Symptoms

Hematochezia 42 (6.8%)*** 9 (7.7%) 64 (14.1%)*** < 0.001

Constipation 22 (3.6%)* 5 (4.3%) 31 (6.8%)* 0.047

Abdominal pain 152 (23.6%) 31 (24.8%) 106 (22.2%) 0.767

Change stool habit 16 (2.6%)*** 8 (6.8%) 33 (7.3%)** 0.001

ASAAmerican Society of Anesthesiologists, BMI BodyMass Index (kg/m2 ), CHF congestive heart failure,CPD
chronic pulmonary disease, DM II diabetes mellitus type II, IBD irritable bowel disease

Asterisks denote values significantly different from the other resection regions; *P < 0.05; **P < 0.01;
***P < 0.001
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developed more complications after surgery (RC 35.6% vs.
TC 43.6% vs. LC 31.1%, P0.032). However, when including
the requirement for blood transfusion in the complication rate,
postoperative morbidity was comparable with RC but still
significantly higher than the LC group (RC 46.1% vs. TC
51.3% vs. LC 35.9%, P0.049). On the contrary, although in-
cidence of intra-abdominal abscess and/or anastomotic leak-
age was comparable between the groups, the rate of readmis-
sion was significantly higher in LC patients for abscess/leak
(P0.038). This was reflected in higher reoperation rates after
LC resection (P0.024), with anastomotic leakage (42.9%), co-
lonic perforation (14.3%), bowel obstruction (14.3%), and
fascial dehiscence (14.3%) as the main indications for reoper-
ation. No differences were found regarding 30-day readmis-
sion and mortality rates.

Oncological outcomes

Within the full study cohort, 999 patients were diagnosed
with stage I–III disease and included in the long-term anal-
ysis (Table 4). Median follow-up duration was 48.6 months
and comparable between the groups. During the study pe-
riod, more patients with right-sided tumors died with a
significantly worse 5-year overall survival (RC 73.0%;
TC 76.2%; LC 80.8%, P0.023). Nevertheless, colon
cancer-specific survival was neither different between the
groups (RC 91.7%; TC 94.2%; LC 91.8%, P0.372) nor was
disease recurrence (RC 85.3%; TC 89.4%; LC 81.2%,
P0.125). When analyzing stage-by-stage, no differences
were found in either OS or DSS between the three groups.
Despite a higher administration of adjuvant therapy in

Table 2 Pathology outcomes
Right colectomy Transverse Left colectomy P value

Tumor size 4.5 (2.8–6.5)*** 4.0 (2.5–6.0) 4.0 (2.2–5.2)*** < 0.001

AJCC stage

0 33 (5.3%)* 5 (4.3%) 10 (2.2%)* 0.036

I 139 (22.5%)* 29 (24.8%) 132 (29.1%)* 0.049

II 207 (33.5%) 48 (41.0%)* 114 (25.1%)* 0.001

III 166 (26.9%) 22 (18.8%)* 142 (31.3%)* 0.021

IV 73 (11.8%) 13 (11.1%) 56 (12.3%) 0.926

T3–T4 424 (69.6%)* 80 (68.4%) 281 (61.9%)* 0.061

N+ 231 (37.4%) 30 (25.6%)** 195 (43.0%)* 0.002

M+ 42 (6.8%) 7 (6.0%) 20 (4.4%) 0.254

Poor differentiation 139 (22.5%)*** 17 (14.5%) 51 (11.2%)*** < 0.001

EMVI 165 (26.7%) 31 (26.5%) 134 (29.5%) 0.566

LVI 272 (44.0%) 46 (39.3%) 188 (41.4%) 0.527

Perineural involvement 114 (18.4%) 19 (16.2%) 107 (23.6%)* 0.063

Microsatellite instability

High 71 (11.5%)*** 11 (9.4%) 6 (1.3%)*** < 0.001

Stable 114 (18.4%)** 16 (13.7%)* 130 (28.6%)*** < 0.001

Unknown 433 (70.1%) 90 (76.9%) 318 (70.0%) 0.301

MRPE

HPMS2 loss 76 (12.4%)*** 13 (11.1%) 8 (1.8%)*** < 0.001

HMLH1 loss 99 (16.1%)*** 17 (14.5%) 8 (1.8%)*** < 0.001

HMSH6 loss 10 (1.6%) 2 (1.7%) 5 (1.1%) 0.758

HMSH2 loss 10 (1.6%) 1 (0.9%) 3 (0.7%) 0.339

Tumor size 4.5 (2.8–6.5)*** 4.0 (2.5–6.0) 4.0 (2.2–5.2)*** < 0.001

Resection lengtha 20 (15–26)*** 30 (21–37)*** 23 (17–27)** < 0.001

R0 resection 569 (92.1%) 113 (96.6%) 425 (93.6%) 0.182

Lymph node harvest 20 (16–28)*** 20 (14–26) 18 (13–25)*** < 0.001

R0 resection 569 (92.1%) 113 (96.6%) 425 (93.6%) 0.182

AJCC American Joint Committee on Cancer, EMVI extramural vascular invasion, LVI lymphovascular invasion,
MRPE mismatch repair protein expression

Asterisks denote values significantly different from the other resection regions; *P < 0.05; **P < 0.01;
***P < 0.001
aMissing data: resection length, n = 753
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patients with left-sided tumors (P < 0.001), the estimated
5-year disease-free survival tended to be worse for this
group compared to the remainder of the population (LC
81.2% vs. RC/TC 85.9%, P0.052). In addition, we found
worse DFS for stage II left-sided colon cancer (LC 80.3%
vs. RC/TC 90.2%, P0.019).

To assess risk factors for both survival and disease re-
currence, a multivariate analysis was performed.
Relationships between patient characteristics, clinicopath-
ological features, and long-term outcomes in all patients
undergoing curative resection for colon cancer are demon-
strated in Table 5. On univariate analysis, left-sided colon
cancer was associated with better overall survival com-
pared to right-sided tumors (HR 0.73, P0.025). However,
after adjustment tumor location was no longer associated
with worse outcomes. Factors independently related to
overall mortality included patient-related (older age, higher

ASA score, BMI < 25 kg/m2, alcohol abuse), procedure-
related (open surgery), and tumor-related characteristics
(T3–T4 tumors, lymph-node positivity, high-grade disease,
perineural invasion, R1 resection, less than 12 lymph
nodes harvested) and the administration of adjuvant thera-
py. Regarding disease-specific survival, tumor location
was not contr ibutory in the univariate analysis .
Pathological features including lymph-node disease,
lymphovascular invasion, perineural invasion, and high
grade disease as well as alcohol abuse were associated with
worse colon cancer-specific survival. When analyzing risk
factors for disease-free survival, anastomotic type ap-
peared to be a risk factor for poorer outcomes. Compared
to ileo-colonic anastomoses, patients with a colo-colonic
anastomosis had worse disease-free survival (HR 1.63,
P0.048). Risk was non-significantly higher when com-
pared to colorectal anastomoses (HR 1.37, P0.238).

Table 3 Perioperative outcomes
Right colectomy Transverse Left colectomy P value

Laparoscopic approach 197 (31.9%)* 36 (30.8%) 177 (39.0%)* 0.036

Surgery duration, min 104 (60–155)*** 135 (84–196)* 135 (88–182)*** < 0.001

Conversion 19 (3.1%) 8 (6.8%) 21 (4.6%) 0.119

Adhesions 214 (34.6%)*** 39 (33.3%) 97 (21.4%)*** < 0.001

Multivisceral resection 64 (10.4%) 18 (15.4%) 40 (8.8%) 0.112

Admission duration 4 (3–7) 5 (3–9)** 4 (3–6)*** < 0.001

Complication rate 220 (35.6%) 51 (43.6%)* 141 (31.1%)* 0.031

Complication rate, including
blood transfusion

285 (46.1%)* 60 (51.3%)* 163 (35.9%)*** 0.001

In-hospital morbidity 193 (31.2%) 44 (37.6%) 119 (26.9%)* 0.034

Ileus 56 (9.1%) 13 (11.1%) 38 (8.4%) 0.651

Intra-abdominal abscess/leak 12 (1.9%) 2 (1.7%) 12 (2.6%) 0.691

Wound infection 36 (5.8%) 4 (3.4%) 28 (6.2%) 0.514

Peritonitis 9 (1.5%) 0 (0.0%) 3 (0.7%) 0.225

GI bleeding 8 (1.3%) 3 (2.6%) 1 (0.2%)* 0.046

Fascial dehiscence 5 (0.8%) 2 (1.7%) 5 (1.1%) 0.650

Cardiac 49 (7.9%) 12 (10.3%) 22 (4.8%)* 0.050

Respiratory 28 (4.5%) 4 (3.4%) 10 (2.2%) 0.124

Renal 57 (9.2%) 11 (9.4%) 26 (5.7%)* 0.091

Urinary tract infection 32 (5.2%)* 3 (2.6%) 11 (2.4%)* 0.051

DVT 5 (0.8%) 2 (1.7%) 7 (1.5%) 0.467

PE 2 (0.3%) 2 (1.7%)** 0 (0.0%) 0.017

Blood transfusion 138 (22.3%)** 26 (22.2%) 60 (13.2%)*** 0.001

Intravenous fluids 47 (7.6%) 11 (9.4%) 17 (3.7%)** 0.013

TPN 17 (2.8%) 6 (5.1%) 15 (3.3%) 0.402

ICU admission 17 (2.8%) 3 (2.6%) 14 (3.1%) 0.930

Readmission 30 (4.9%) 10 (8.5%) 29 (6.4%) 0.233

Reoperation 7 (1.1%)* 2 (1.7%) 14 (3.1%)* 0.071

Death 7 (1.1%) 1 (0.9%) 3 (0.7%) 0.725

DVT deep vein thrombosis, PE pulmonary embolism, TPN total parenteral nutrition

Asterisks denote values significantly different from the other resection regions; *P < 0.05; **P < 0.01;
***P < 0.001
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Discussion

Over the last several years, there has been increased interest in
identifying the differences between proximal and distal colon
cancer. Differences in epidemiology, patient demographics,
and histological features relative to tumor site in colon cancer
are observed, yet the location of the tumor is often not con-
sidered as a separate entity when outcomes are discussed. In
addition, transverse colon cancers are often excluded altogeth-
er or included in either the right- or left-sided group for anal-
ysis. Therefore, the aim of our study was to assess the differ-
ences in clinicopathological characteristics as well as long-
term outcomes in patients who were diagnosed with either a
right-sided, left-sided, or transverse colon cancer.

In our study, patients with right-sided colon cancer were
older, more likely to be female and had poorer histopatholog-
ical features including more T3–T4 tumors and poor differen-
tiation. This is fully consistent with previous data [7, 13, 14].
On the other hand, lymph-node-positive disease was more
frequent in LC tumors. Transverse cancer was correlated with
stage II disease, but the requirement for a multivisceral resec-
tion was higher in this group due to contiguous involvement
of adjacent organs. Regarding short-term outcomes, most
studies have investigated the rate of complications during ad-
mission and these tend to be higher for right-sided procedures
[7, 15, 16]. Benedix et al. demonstrated a higher rate of gen-
eral postoperative complications for RC patients, including
pulmonary and cardiovascular complications, while surgery-
related complications were almost equally distributed. Other
studies concluded that risk of major complications was com-
parable between the two locations [15–18]. However, knowl-
edge of differences in short-term outcomes after surgery for
transverse colon cancer is scarce. Since transverse colon can-
cer requires either an extended colectomy or a transverse

colectomy with the need for a colo-colonic anastomosis, we
hypothesized that this might lead to a higher comorbidity rate
and differences in short-term outcomes exist depending on the
type of resection. Our study demonstrated a longer length of
stay and a higher complication rate when the requirement for
blood transfusion was excluded. However, when blood trans-
fusion was incorporated in the morbidity rate, outcomes were
similar with RC patients but still worse than after LC surgery.
Our relatively high blood transfusion rate could be explained
by the fact that we incorporated all patients who received
blood whether or not this was pre-operative, intra-operative,
or post-operative. This was especially true in right-sided colon
cancer, since these patients often presented with anemia. LC
patients had a better postoperative course with shorter admis-
sion duration and less complications, including less general
postoperative complications as cardiac and renal events.
Although the incidence of intra-abdominal abscesses and/or
leaks was equally distributed, the necessity of readmission and
subsequent reoperation for a leak was significantly higher in
LC patients. This is in line with the overall belief that LC
procedures are technically more challenging and due to differ-
ences in vascularization prone to develop anastomotic leak-
age. However, outcomes are contradictory with more recent
studies suggesting no difference in incidence of anastomotic
leak between right-sided and left-sided colectomies [15, 16].

The main finding in our study was the worse overall but
comparable disease-specific survival for right-sided colon
cancer. However, when analyzing stage-by-stage, the prog-
nostic impact of tumor location was no longer observed.
After adjusting for multiple variables, only patient character-
istics and pathological features were independently related to
overall and disease-specific survival. This is in contrast with
previous studies including a recent systematic review and
meta-analysis that reported worse overall survival for right-

Table 4 Long-term oncological
outcomes in stage I–III colon
cancer

N = 999 Right colectomy,
N = 512 (51.3%)

Transverse,
N = 99 (9.9%)

Left colectomy,
N = 388 (38.8%)

P value

Follow-up duration, months 48.6 (22.2–77.4) 50.0 (23.5–71.9) 48.1 (22.4–85.4) 0.884

Disease-free duration, months 43.1 (17.1–71.5) 45.0 (18.3–65.0) 36.0 (16.6–74.6) 0.819

Disease recurrence 58 (11.3%) 9 (9.1%) 58 (14.9%) 0.148

Local 5 (1.0%) 2 (2.0%) 7 (1.8%) 0.497

Distant 57 (11.1%) 7 (7.1%) 54 (13.9%) 0.134

Adjuvant therapy 104 (20.3%)** 18 (18.2%) 123 (31.7%)*** < 0.001

Deceased 142 (27.7%)* 22 (22.2%) 81 (20.9%)* 0.052

Colon cancer death 35 (6.8%) 5 (5.1%) 35 (9.0%) 0.290

Estimate 5-year OS 73.0%* 76.2% 80.8%* 0.070

Estimate 5-year DSS 91.7% 94.2% 91.8% 0.372

Estimate 5-year DFS 85.3% 89.4% 81.2% 0.125

OS overall survival, DSS disease-specific survival, DFS disease-free survival

Asterisks denote values significantly different from the other resection regions; *P < 0.05; **P < 0.01;
***P < 0.001
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sided colon cancer [7, 12, 19]. Most of the studies included in
the systematic review and meta-analysis evaluated only over-
all survival. The higher comorbidity rate and older age in the
proximal colon cancer group are a reasonable explanation for
the worse outcomes, especially since colon cancer-specific
survival was found to be similar. Although most studies ad-
justed for baseline characteristics as age and ASA score, in-
formation about adjuvant therapy was often lacking.
Furthermore, we excluded patients who underwent neoadju-
vant therapy and patients with distant metastasis, and we were
able to adjust for known histopathological risk factors besides
TNM stage. The latter proved to be an important factor, since
pathologic features such as poor differentiation, perineural
invasion, and lymphovascular invasion were independent pre-
dictors for worse oncological outcomes.

The influence of tumor location and disease recurrence is
poorly investigated. Lim et al. found worse DFS for stage III
right-sided tumors, but this effect disappeared after adjusting
for patient and tumor characteristics [20]. In our study, left-
sided colon cancer patients tended to have a worse 5-year
disease-free survival, with a significant difference in stage II
disease. No differences in admission of adjuvant therapy be-
tween LC and the remainder of the population were found.
After adjusting for multiple variables, risk factors for worse
DFS included advanced TNM stage, extramural vascular in-
vasion, and perineural invasion as well as type of anastomosis.
Compared to ileo-colonic anastomoses, patients with a colo-
colonic anastomosis had worse disease-free survival (HR
1.63, P0.048). Outcomes were comparable between colo-
colonic and colorectal anastomoses (HR 1.37, P0.238) as well
as colorectal and ileo-colonic anastomoses (HR 1.19, P0.419).
Previous studies demonstrated that anastomoses close to the
anal verge were at risk for developing anastomotic leakage
[21, 22]. In rectal cancer, anastomotic leakage is associated
with an increased risk of local recurrence, whereas the impact
of distant recurrence remains debatable [23–25]. Knowledge
about the impact of anastomotic leakage and recurrent disease
in colon cancer is limited. Although previous studies demon-
strated conflicting results, there is some evidence that anasto-
motic leakage is associated with reduced disease-free survival
[26, 27].

Our study has several strengths and limitations. To our
knowledge, this is the first study that assessed differences in
clinicopathological and long-term outcomes between different
segments in colon cancer and included transverse colon can-
cer as a separate entity. Moreover, only one study reported
disease-free survival concerning this topic. Due to a prospec-
tively maintained single-center database, another major
strength of our study is the ability to adjust for multiple con-
founders. However, selection bias is inherent to the retrospec-
tive design, and although we adjusted for important clinico-
pathological factors, the determination of MSI status was not
yet routine management during our study period.

Consequently, the prognostic impact of MSI, associated with
right-sided colon cancer, might be underestimated in our
analysis.

Conclusion

Although distinct differences were found between right-sided,
transverse, and left-sided colon cancer in terms of patient char-
acteristics, histopathological features, and 30-day morbidity,
tumor location in colon cancer was not independently associ-
ated with survival and disease recurrence. Nonetheless, path-
ological differences beyond tumor stage were significantly
more important. Future research should elaborate on differ-
ences in disease characteristics leading to potential different
optimal treatments in colon cancer.
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