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What is the best surgical option for the resection of transverse
colon cancer?
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Abstract: Transverse colon is an infrequent localization of colon cancer and it is burdened by a poor
prognosis. The principle of oncological radicality includes primary tumor resection with adequate
lymphadenectomy. To date, there is still no consensus on which type of surgical resection perform in case of
transverse colon cancer (TCC). Lymphatic drainage and vascularization of this section of the colon is highly
variable presenting with different anatomical variants. Moreover, mobilization of the transverse colon can be
particularly challenging in comparison to other colon tracts. Despite a lack of standardized definitions, three
main surgical options are proposed: segmental colectomy of the transverse colon [transverse colectomy (TC)],
extended right colectomy (ERC) and subtotal colectomy (STC). The aim of the present review is to describe
the outcomes, limitations and advantages of TC, ERC, and STC for TCC in order to identify possible
trends in the current literature suggesting which is the best treatment option in both elective and emergency

settings.
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Introduction transverse colon are consequences of its central position

. between the foregut and midgut. Due to close relationship
Over 1.8 million new colorectal cancer (CRC) cases and

between the transverse mesocolon and the proximal
881,000 deaths were estimated to occur worldwide in 2018,

superior mesenteric artery (SMA) and vein, also with

when CRC was the third most commonly diagnosed cancer foregut structures (i.e., greater omentum, the lesser sac,

(10.2%) and the second leading cause of cancer death
(9.2%) (1). In Europe, there was an estimation of 500,000

pancreas) TCC may spread to the lymph nodes of the
proximal SMA and vein, to the greater omentum, and

new cases and 243,000 deaths from CRC in 2018 (2).
Transverse colon cancer (T'CC) represent less than
10% of all CRCs (3,4). Anatomical peculiarities of the
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to the lower border of the pancreas (5-7). Based on the
abovementioned considerations, TCC resections should
associate the excision of the entire transverse mesocolon.

Ann Laparosc Endosc Surg 2019;4:69 | http://dx.doi.org/10.21037/ales.2019.07.01


https://crossmark.crossref.org/dialog/?doi=10.21037/ales.2019.07.01

Page 2 of 11

However, surgical expertise is required to perform, either
by laparoscopy or open surgery, high middle colic artery
(MCA) dissection with a complete transverse mesocolic
excision (8-10). These challenging aspects limited the
widespread of the laparoscopic (LAP) approach in TCC
and prevented the inclusion of this tumors in most of the
previous randomized controlled trials.

The debate persists whether a subtotal colectomy (STC)
or extended right colectomy (ERC) may achieve more
complete mesocolic excision associated with higher lymph
node harvesting, greater distance between the tumor and
the central vascular tie, and ultimately, higher disease-
free survival (DFS) and overall survival (OS) compared to
more conservative approach, such as transverse colectomy
(TC) (9,11). Left colectomies (LC) have been also used for
distal transverse tumors near the splenic flexure and splenic
flexure cancer (SFC) (12). The aim of the present narrative
review is to describe the indications, outcomes, limitations
and advantages of STC, ERC, LC, and TC for TCC in
order to identify possible trends in the current literature
suggesting which is the best treatment option in both
elective and emergency settings.

Materials and methods

A literature search was conducted to identify studies
focusing on the surgical treatment of TCC. The following
databases were screened: Medline (through PubMed),
Scopus, Embase, Cochrane Library, and Google Scholar,
without date restrictions. A specific research equation was
used for each database, using the following keywords and/
or MeSH Terms: transverse colon cancer, splenic flexure
carcinoma, open surgery, laparoscopic, robotic, surgical
procedures, operative surgical procedures, extended right
colectomy, segmental colectomy, subtotal colectomy,
transverse colectomy, postoperative complications,
mortality, survival, outcomes. Reference lists of pertinent
articles were crosschecked to identify potential additional
articles. Only articles written in English were considered
and analyzed to identify the main endpoints of the surgical
treatments for TCC. The selected studies are summarized
in Table 1.

Definitions and technical notes

Different surgical procedures are described for the resection
of TCC, ranging from segmental colectomy to STC. No
consensus is reached on the specific indication of each
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procedure; rather, the surgical choice stands upon surgeon’s
experience and clinical considerations.

The more bowel-sparing approach is the TC, which is
the resection of any length of bowel from the hepatic to
the splenic flexure with the accompanying lympho-vascular
supply along the middle colic pedicle (8,13,14). A transverse
colon resection leaves short transverse stumps that require
complex technical reconstruction, such as right colonic
transposition or intestinal derotation, which may increase
the risk of leak (15,16). In general, TC is associated with
shorter margin lengths and fewer lymph nodes resection
than more extended procedures (Figure I).

ERC consists in the ligation of the ileocolic, right
colic and middle colic vessel to achieve the resection of
distal ileum, cecum, ascending colon and the transverse
colon up to the splenic flexure (17-20). In this procedure,
the ascending branch of the left colic artery is preserved
providing the blood supply to the distal anastomosis. In
its first description, ERC was originally indicated for
the treatment of the right-sided colon cancer but it was
subsequently performed for transverse colon resections
as well (9,17). ERC shows technical advantages when
compared to TC, mainly related to the ileo-colonic
anastomosis, which can be performed without tension
being the ileum a highly mobile segment of the bowel
(Figure 2) (17).

STC refers to the resection of the colon up to the
junction between the descending colon and the sigmoid
colon (21). STC includes the ligation of the ileocolic, right
colic, middle colic and left colic pedicles (22) (Figure 3).
Consequently, STC is an extensive resection, also
indicated when there is cancer on both the right and left
sides of the colon and in case of familial adenomatous
polyposis (FAP) or hereditary non-polyposis colon cancer
(HNPCC), as a way to prevent CRC (called prophylactic
colectomy).

In the present article, we will discuss the outcomes
of these three surgical procedures performed for the
resection of TCC. ERC and STC, together with LC, as
left hemicolectomy or left segmental colectomy, have
been described for SFC resection (12). It must be noted
that in the current literature is still frequent to read
definitions of ERC and STC that overlap. However,
these are two different procedures, and the two terms
should not be used interchangeably. Sometimes, both
procedures are assimilated (considered as the same group
of patients); in these cases, they will refer to extended
colectomy (EC).
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Figure 1 Anatomical representation of TC. TC, transverse

colectomy.

Figure 2 Anatomical representation of ERC. ERC, extended right

colectomy.

Results
Resection of bepatic flexure and mid-TCC

Literature concerning colon cancers located at the hepatic
flexure and mid- transverse colon is limited: randomized
clinical trials and large studies reporting long-term
outcomes are lacking (9). It is thus difficult to identify
an evidence-based gold standard treatment for TCCs.
Consequently, the choice of performing TC, ERC or STC

is often left to the surgeon's preference and experience.

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved.

Figure 3 Anatomical representation of STC. STC, subtotal

colectomy.

ERC is generally performed when malignant lesions
are located at the hepatic flexure or proximal to the mid-
transverse colon (11,23). Leijssen et /. (24) conducted a
study on a sample of 103 stage I-III colon cancer patients
matched on propensity scores to compare TC vs. EC (both
right and left EC). EC patients tended to have worse short-
term outcomes than T'C patients, but no procedure-related
differences were found for 5-year overall and DFS rates (24).
Matsuda ez al. (23) reported a series of 72 patients, of whom
38 underwent ERC and 34 TC; comparable results were
observed in terms of oncological outcomes, but fewer overall
postoperative complications occurred in patients operated
on by ERC. In a Korean study, Chong ez al. (11) evaluated
a sample of 1,066 patients with TCC. The authors reported
no differences in terms of oncological outcomes and survival
between EC and TC after propensity score matching,
resulting in a balanced sample of 254 patients. However,
they found a significantly longer specimen and a higher
number of harvested lymph nodes in the EC group (11).
A population-based study by Guan ez a/. (25) compared T'C
(partial colectomy) to EC in 10,344 patients with TCC
and showed similar 5-year cancer-specific survival between
the two procedures (67.5% for TC and 66.5% for EC),
which was also confirmed after propensity score matching,
despite of less nodes examined by TC than EC. Overall
data supported that node retrieval is adequate to the tumor
stage even when performing TC, that the surgical approach
is not an independent prognostic factor for patients with
TCC, but subgroup analyses showed that in patients with

Ann Laparosc Endosc Surg 2019;4:69 | http://dx.doi.org/10.21037/ales.2019.07.01
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tumor sized =5 cm, no survival benefit can be obtained by
T'C compared to EC (25).

The most recent meta-analysis on the topic selected
5 articles comparing T'C and EC (comprising both ERC
and LC), including overall 11,687 patients, of whom 4,664
underwent TC and 7,023 EC (9). Pooled data analyses
showed no difference in terms of short- and long-term
outcomes, comprising postoperative complication rates,
although a statistically significant difference was found in
favor of EC for the number of harvested lymph nodes.

Only one study compared ERC vs. TC (23), and none
directly ERC vs. STC outcomes, thus questions remains
open about the potential oncologic benefits associated
with a more extended colonic resection and regarding the
influence of the different intestinal reconstructions on leak
rates. Therefore, it is still unknown which intervention
should be preferred for the treatment of hepatic flexure and
mid-TCCs.

Resection of splenic flexure colon cancer

For the great majority of studies concerning colon cancer
located at the splenic flexure, the exact location, meaning
the distal part of the transverse or the proximal part of the
left colon, is rarely described. Thus, some of these tumors
could eventually be located in the descending colon up to
10-15 cm from the splenic flexure (26,27). However, the
splenic flexure is often considered as a possible location
of TCC, for which we find the same type of debate about
the required extension of resection and the type of surgical
procedure to be preferred. Indeed, for SFCs, segmental
colectomy, LC, ERC, and STC are described (12). As for
mid- transverse colon resection, resection of the whole
tumor mass and lymph nodes at the splenic flexure is
challenging, due to the anatomical variability between
patients (18,28,29). In most cases the bloody supply is
carried out by the inferior mesenteric artery (IMA) via
the left colic artery, but in other cases it is carried by the
SMA via the left branches of the MCA. Consequently, to
achieve an adequate lymph-nodal dissection, the surgeon
must take into account these anatomical variants (22).
The only systematic review and meta-analysis conducted
so far considered 12 retrospective studies, including 569
SFC patients, and compared LC vs. ERC (12); pooled data
analysis showed no significant procedure-related differences
for the oncologic quality of the resection and postoperative
outcomes. However, due to the limited literature and the
overall moderate to poor quality of evidence, the authors
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concluded that further studied are needed to elucidate
which is the optimal extent of SFC surgical resection (12).
Indeed, some authors argue for a more aggressive treatment
in case of SFC, such as STC, to achieve a more accurate
lymph node resection (22). Manceau et al. reported data
on elective STC with ileo-sigmoid anastomosis in the
treatment of transverse colon and SFCs, describing the
procedure as a safe and associated with a good quality of life

Q1.

Resection in emergency settings

Despite the implementation of screening programs, 15—
30% of CRCs required emergency surgical interventions.
Large bowel obstructions represent 80% of emergencies
related to colon cancer, whereas perforations the remaining
20% (30,31). Emergency surgery is a risk factor for poorer
prognosis and it is associated with morbidity rates that
are twice higher than those observed in elective settings.
Similarly, postoperative mortality ranges between 15% and
30% ws. 1% and 5% for elective surgery (32). A prospective
multicenter study coordinated by the Association Francaise
de Chirurgie (AFC) identified emergency surgery as an
independent risk factor of mortality in the treatment of
CRC (33).

The management of the TCC in emergency depends on
its exact localization, on the patient’s general conditions, and
on the surgeon’s experience (30,32). However, in general,
emergencies for TCC require an extensive resection that
is more likely performed by open surgery (17). In case
of colonic occlusion associated to TCC, with or without
perforation, a right colectomy or ERC the most performed
procedures (34). The choice of a primary anastomosis
largely depends on the patient’s clinical status; it should
be avoided whenever the patient is unfit and the risk of
anastomotic leakage is high in favor to a double-barreled
ileo-colostomy (35). In patients with colonic occlusion
without perforation and hemodynamically stable, a loop
colostomy may be performed as first step surgery, to allow
colonic decompression with a minimal surgical trauma
and the implementation of intensive resuscitation, prior to
the second-stage colectomy (30). However, several studies
found no differences in terms of mortality and morbidity
rates when comparing to primary resection (36,37).

STC or total colectomy with ileo-rectal anastomosis
has been proposed as an alternative to avoid a stoma and
overcome the problem of an unprepared distended colon.
In general, this procedure should be taken in to account
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when the occlusion causes right colon ischemia, when the
cancer is distant from the perforation site (diastatic cecal
perforation), when simultaneous tumor resections should
be associated, or in the presence of a distal TCC near the
splenic flexure.

Postoperative complications and long-term outcomes

TCCs are often burdened by poorer outcomes compared
to other colonic locations. Mortality rates range between
0% to 8%, whereas complication rates range between
6% to 44% (Tuble I1). The majority of the studies do not
find significant procedure-related differences in term of
postoperative outcomes and RO resection. Although a
significantly higher number of lymph nodes is harvested
during more extended colonic resection (e.g., ERC, EC),
at least 12 nodes are retrieved in the great majority of
cases. Concerning overall and DFS, the reported 5-year
OS range between 73.5% and 90.3% (11,23-25) (Table 1).
Differences are noted depending on the American Joint
Committee on Cancer (AJCC) stage of disease, with ranges
comprised between 87.7% and 93.7% for stage-II disease
and between 64.2% and 89.7% in stage-III cancer (24).
DEFS rates also varied between 85.5% and 94.4% in stage-
IT disease and between 53.3% and 79.0% in stage-III
disease (24). However, no procedure-related difference has
been reported in term of survival; all studies comparing TC
vs. ERC or EC observed similar long-term (up to 5 years)
outcomes.

Concerning articles focusing on cancers located at
the splenic flexure, most of them compared ERC vs.
LC in small sized retrospective comparative studies
(17,18,38). Postoperative mortality ranged between 0%
and 7.9%, whereas morbidity varied from 14.7% to 29.6%
(17,18,38,39). In general, no procedure-related difference
was noted for both short- and long-term outcomes.

One of the most severe complications of colonic
resections is anastomotic leakage, with a reported incidence
in the literature ranging between 2% and 12% (40).
Anastomotic leakage may be difficult to detect and could
lead to important sequelae such as infections, abscess and
peritonitis, with a higher risk of cancer recurrence and
patient death (41,42).

Ileo-sigmoid anastomosis and ileo-rectal anastomosis
after STC are characterized by a high incidence of
anastomotic leak, especially if they are performed in a
one-step procedure with the colectomy (21,43). Also, TC
was associated with a non-negligible rate of anastomotic
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leak (42). By performing a colo-colic anastomosis, the short
transverse stumps left and the possibility of right colonic
transposition or intestinal derotations, can increase the odds
of leak (15,16). STC have been also related with prolonged
operative times and higher incidence of postoperative
diarrhea and electrolyte disorders (44).

Open surgery, LAP surgery, and robotic surgery for TCC

Due to the expected technical difficulties, the resection of
TCC has been more likely performed by open surgery (45).
Authors advocated that it is easier to achieve an adequate
lymph node harvest around the MCA, often characterized
by vascular variability, and a safer dissection of the
transverse colon without damaging important structures as
the pancreas, the duodenum, the spleen, and the superior
mesenteric vein (46,47). As commented, appropriate
mobilization of the transverse colon and high division
of the middle colic vessels are considered technically
challenging (14,48). However, randomized controlled
studies and meta-analyses showed that LAP surgery for
CRC (although located in different sites than transverse
colon) is safe and feasible. LAP procedures are associated
with similar oncological outcomes than those obtained by
open surgery while offering several advantages related to
the minimally invasive approach, namely early recovery
of bowel movements, shorter hospital stay, and reduced
use of analgesics (49-51). Due to the accumulating
experience in performing laparoscopy, studies emerged
also for cancers specifically located in the transverse colon
(14,45). In 2010, a retrospective study by Zmora et al. (14)
showed that the LAP approach is feasible for TCC and it is
associated with a low rate of conversions and intraoperative
complications. Improved short- and long-term outcomes,
particularly improved recovery and lymph-node harvesting,
have been reported by LAP approach (52). In 2017, Wu et
al. conducted a meta-analysis considering 13 studies and 1
conference abstract for a total of 1,728 patients (45). Results
demonstrated that LAP surgery for TCC is associated
with higher operative time but lower blood loss, fewer
postoperative complications, shorter bowel recovery and
length of hospital stay, with equivalent oncologic outcomes
than open surgery (45). In 2018, another meta-analysis by
Gavriilidis et a/. based upon 8 studies reported that there
were no survival benefits of LAP TC over open TC up to 5
years (48). Open surgery was associated with 38 min shorter
operative time than laparoscopy. However, LAP colectomy
was associated with earlier postoperative recovery and
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consequently a hospital stay shorter by 4.5 days compared
to open surgery (48).

Colon mobilization and lymphadenectomy require
LAP expertise, severe complications may occur if the
dissection is conducted in a wrong plane (53). LAP
surgery might be even more technically demanding for
the visualization of the mesenteric root, in patients obese
or with previous upper abdominal surgery (14). Recently,
the study by Hamabe et /. proposed a classification into
three subtypes of the intravascular relationships between
the first jejunal vein (FJV), the SMA, and the MCA. This
classification could be for TC LAP oncologic resections
(46). Therefore, in the presence of good surgical ability
and in selected patients, both ERC and STC appear
to be feasible by laparoscopy (54,55), although a high
rate of conversion (up to 15%) and longer operative
time has been reported (49,54,55). On the other hand,
higher rates of incisional hernia have been reported
(6-8.3%) after open STC (56,57), compared to no incisional
hernia formation with a LAP approach. Small bowel
obstruction is another possible long-term complication
of STC, but the meta-analysis by Tilney e 4/. showed no
differences between open and LAP surgery (55). Therefore,
a LAP approach seems to be preferable at elective setting,
depending on surgeon’s experience in minimally invasive
surgery.

Finally, the use of robotic surgery for TCCs is limited
to few retrospective studies (8,58-60). In general, robotic
surgery may represent a possible alternative for colon cancer
resection offering some technical advantages compared
to laparoscopy, such as less rigid instrumentations,
more ergonomics, and a greater maneuverability (61).
For these reasons, it might be useful to overcome some
of the technical difficulties related to the transverse
colon location. One of the first description of robotic
colectomy for TCC (AJCC stages I to III) was published
by de’Angelis et al. in 2015 (8). The authors compared
22 robotic TC vs. 22 matched LAP TC and showed
longer operating times when operating on via the robotic
approach. However, no approach-related differences were
noted for any other short-term outcome evaluated. Other
studies confirmed that robotic surgery allows performing
oncologically adequate dissections of the transverse colon
with radical lymphadenectomy and acceptable results and
short-term outcomes (58,59,61). A case-report described
robotic transverse colon resections by STC (62). Robotic
surgery might be associated with some advantages in the
construction of intracorporal anastomosis thanks to the
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endo-wrist function, the stability of the robotic arms, and
the 3D enhanced view, but further studies are needed to
elucidate the true role of robotic surgery for TCC.

Conclusions

Current literature on TCC resection is still limited.
Less aggressive surgical procedures, such as TC, may
to be preferred for early-stage cancers, whereas ERC
and STC should be considered for advanced stages or at
emergency presentations. Whether the oncologic principle
of surgery is met, no procedure-related differences are
reported in the available retrospective, mainly small-sized,
studies. LAP surgery appeared to be safe and feasible for
transverse colon resections, especially in elective settings
and if the surgeon is experienced with this technique.
Robotic surgery might be considered as a valid alterative
allowing simplifying some technical LAP difficulties, but
the literature is too limited to draw definitive conclusions.
Finally, the scientific community should find a consensus
on standardized definitions for TC, ERC and STC, in
order to elucidate clinicians and surgeons on the indications
and contraindications of each surgical intervention for the
treatment of cancer located in the transverse colon.
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