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Abstract

Introduction Despite the oncologic safety of laparoscopic sur-
gery in colon cancer management, laparoscopy is not regarded as
a standard treatment for T4 colon cancer. The aim of this study
was to investigate the short-term and long-term oncologic out-
comes of laparoscopic surgery in patients with locally advanced
colon cancer.

Material and method From March 2003 to June 2013, a total
of 109 consecutive patients with proven pathologic T4 colon
cancer were enrolled. These patients were divided into the
laparoscopy group (LG, n = 52) and the open group (OG,
n = 57). Perioperative and long-term oncologic outcomes
were compared between the two groups.

Results In the LG, open conversion occurred in four patients
(7.6%). Combined resection was less commonly performed in
the LG (13.5%) than in the OG (36.8%, P = 0.005). Operation
time was similar between the two groups. In the LG, blood loss
(129 mL vs. 437 mL, P < 0.001) and overall complication rate
(13.5 vs. 36.8%, P = 0.005) were lower and length of hospital
stay was shorter (median 7 vs. 17 days, P < 0.001) than in the
OG. The 5-year overall survival rate was 60.7% for the LG and
61.9% for the OG (P = 0.817). Local recurrence-free survival did
not differ between the groups (88.9% in LG vs. 88.1% in OG,
P =0.725).

Conclusion Considering the benefits of early recovery and
similar oncologic outcomes, laparoscopic surgery in T4 colon
cancer could be a viable option in selected patients.
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Introduction

Colorectal cancer is a common disease in Western countries.
Recent national data for South Korea showed an increased rate
of colorectal cancer, making it the third most common tumor [1].

Although a colonoscopy performed as part of routine ex-
amination may detect colorectal cancer in an early subclinical
stage, locally advanced colorectal cancer, i.e., tumor invading
adjacent organs, was detected in approximately 7-13% of all
colorectal cancer patients [2—4]. Multivisceral en bloc resec-
tion could increase the chance of cure in the case of locally
advanced colorectal cancer [5, 6]. However, management of
locally advanced colorectal cancer is associated with relatively
high morbidity and mortality rates [7].

Laparoscopy is widely used for colorectal cancer treatment.
The benefits of early postoperative recovery and similar
long-term oncologic outcomes in comparison to open surgery
are the main reasons for the adoption of laparoscopic surgery
in colon cancer [8, 9]. However, the efficacy of laparoscopy in
T4 colon cancer remains unclear; therefore, the consensus
meeting of the European Association of Endoscopic Surgery
(EAES) did not recommend laparoscopic surgery in colon
cancer with suspected invasion of the abdominal wall or ad-
jacent structures [10]. To date, several studies have compared
laparoscopy and open surgery in the context of short-term and
long-term oncologic outcomes for T4 colorectal cancers
[11-16]. However, these studies showed diverse characteris-
tics of different inclusion criteria (colon cancer only vs. colon
and rectal cancer), insufficient patient numbers, mixed
hand-assisted surgery and laparoscopic surgery as minimally
invasive surgeries, and relatively short follow-up periods.
Although high probabilities of open conversion and possible
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suboptimal oncologic outcomes are the main reasons for hes-
itation to perform laparoscopic surgery for T4 colon cancer,
the true impact of laparoscopy remains unclear.

Therefore, the aim of this study was to investigate the im-
pact of laparoscopic surgery in patients with pathologically
proven T4 colon cancer.

Materials and methods
Eligibility

The records of all patients who underwent surgical resection
for colorectal cancer in Gangnam Severance Hospital, Yonsei
University College of Medicine, have been entered into a pro-
spectively maintained database. From March 2003 to
June 2013, 1025 patients underwent surgical resection for
colon cancer at our hospital. Pathologic T4 colon cancer was
diagnosed in 163 patients. Among them, 47 patients who were
stage I'V at the initial evaluation, 1 patient who was diagnosed
as a hereditary non-polyposis colorectal cancer, and 6 patients
who underwent a robotic surgery, were excluded from this
study (Fig. 1). Patients who met the inclusion criteria were
divided into the laparoscopy group (LG) and the open group
(OG) based on the initial surgical approach. Converted pa-
tients were included in the LG based on the intention-to-treat
analysis. Hand-assisted surgery has never been performed at
our institution. This study was approved by the Institutional
Review Board of our hospital.

Surgery and perioperative outcomes

All patients in the LG and the OG underwent a standardized
technique of bowel resection. The operation included segmen-
tal resection of the primary tumor, radical lymphadenectomy,
and combined resection of invaded adjacent organs, if neces-
sary. Perioperative outcomes included operation time (min),

blood loss (mL), conversion to an open procedure, morbidity,
mortality, time to resuming soft diet, length of hospital stay,
number of retrieved lymph nodes, and pathologic TNM stag-
ing. Complications were suspected based on the patient’s
symptoms or signs. If we tried to confirm our clinical suspi-
cion, laboratory and/or radiologic test were added. Surgical
site infection was composed of superficial incisional, deep
incisional and organ or space infection defined by Centers
for Disease Control and Prevention. Ileus/obstruction was de-
fined as any condition involving abdominal pain or distension,
which could be verified by a simple X-ray. Voiding difficulty
was defined as urinary retention or urinary incontinence re-
quiring reinsertion of a foley catheter or adding urological
medications. Conversion was defined as any case that could
not be completed with the intended laparoscopic surgical ap-
proach and required more abdominal incision than expected
for specimen removal. All tumor staging was re-evaluated and
T4a and T4b patients were classified according to the defini-
tion of 7th TNM staging [17].

Definition of recurrence

The patterns of local recurrence (LR) confirmed by clinical,
radiologic, or pathologic evidence were categorized into four
groups (perianastomotic, mesentery/nodal, retroperitoneum,
or peritoneum) on the basis of previous studies [18, 19].
Systemic recurrence (SR) was defined as all recurrences other
than LRs. Combined recurrence was defined as simultaneous
occurrence of LR and SR. When we estimated overall local
recurrence rate, combined recurrence was not included in the
category of LR. An imaging-guided biopsy was not routinely
performed for histologic confirmation.

Postoperative adjuvant chemotherapy and follow-up

FOLFOX (folinic acid, 5-fluorouracil [SFU], and oxaliplatin)
has been the most commonly used adjuvant chemotherapy

Fig. 1. Patient enrollment in this
study
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regimen for patients with stage III colon cancer. Patients with
stage II colon cancer in this study were potential candidates
for adjuvant chemotherapy because all enrolled patients were
considered high risk (T4 tumors). Some patients received
5FU-based chemotherapy because use of oxaliplatin was lim-
ited by coverage of national insurance reimbursement during
the earlier periods of this study. In addition, some patients
refused additional chemotherapy for various reasons.

All of the patients who underwent surgery visited our hos-
pital every 3 months for 3 years. Follow-up visits were then
reduced to every 6 months until 5 years and annually thereaf-
ter. Serum carcinoembryonic antigen (CEA) level was mea-
sured at each follow-up visit. Abdominopelvic computed to-
mography (CT) scans were performed with an average inter-
val of 6 months. A colonoscopy, chest CT, or 18-FDG PET
scan was performed as indicated according to the surgeon’s
direction. Patient follow-up lasted until the cutoff date
(March 2016) or death of the patient. The median follow-up
period was 45 months (range, 2—155 months) in OG and
41 months (range, 1-108 months) in LG.

Statistical analysis

All statistical analyses were performed using IBM SPSS ver-
sion 20.0 (SPSS Inc., Chicago, IL, USA). Differences in

clinicopathologic features between the LG and the OG were
analyzed using the chi-square test or Fisher’s exact test for
categorical variables and with Student’s ¢ test or Mann—
Whitney U test for continuous variables. Overall survival
(OS) was defined as the time from the date of operation to
the date of death or last follow-up. Disease-free survival
(DFS) was defined as the time from the date of operation to
the date of tumor recurrence or last follow-up. Local
recurrence-free survival (LRFS) was defined as the time from
the date of operation to the date of local recurrence or last
follow-up. The Kaplan—Meier method was used for survival
analysis. The log-rank test was used to compare survival out-
come between the two groups. A P value <0.05 was consid-
ered to indicate significance.

Results

Of the 109 patients who met the inclusion criteria and were
finally enrolled, 52 patients were allocated to the laparoscopy
group (LG) and 57 patients were categorized in the open
group (OG). Four patients who were converted from laparo-
scopic surgery to open surgery were included in the LG on the
basis of “intention-to-treat.”

Table 1 Patient demographics

and operative outcomes Laparoscopy Open P value
(n=152) (n=57)
N (%) N (%)
Gender Male 31 (59.6) 39 (68.4) 0.338
Female 21 (40.4) 18 (31.6)
Age (years) Mean (SD) 61.9 (13.8) 65.4 (12.3) 0.168
BMI (kg/m?) Mean (SD) 234 (3.1) 23.1 (3) 0.563
ASA grade I 14 (26.9) 22 (38.6) 0.143
I 30 (57.7) 32 (56.1)
il 8 (15.4) 3(5.3)
Tumor location Proximal colon 20 (38.5) 21 (36.8) 1.0*
Distal colon 31 (59.6) 34 (59.6)
Synchronous 1(1.9) 2(3.5)
Prior abdominal surgery 10 (19.2) 15 (26.3) 0.380
Emergency operation 1(2) 2 (3.5) 1.0%
Type of operation RHC/extended RHC 20 (38.5) 20 (35.1) 0.135%
LHC 4(7.7) 8 (14)
AR/LAR 26 (50) 20 (35.1)
Total/subtotal colectomy 1(1.9) 7 (12.3)
Hartmann procedure 1(1.9) 2 (3.5
Palliative surgery 1(1.9) 2(3.4) 1.0%

Tumor location: proximal: cecum—transverse colon; distal: descending colon—rectosigmoid junction

Abbreviations: SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists, RHC
right hemicolectomy, LHC left hemicolectomy, AR anterior resection, LAR low anterior resection

? Fisher’s exact test
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There was no difference in gender, age, body mass index
(BMI), American Society of Anesthesiologists (ASA) grade, tu-
mor location, prior abdominal surgery history, and rate of emer-
gency operation between the two groups. Operation types were

Table 2.  Comparison of perioperative outcomes between the two groups

as follows: right hemicolectomy/extended right hemicolectomy
(RHC) (38.5%), left hemicolectomy (LHC) (7.7%), anterior
resection/low anterior resection (AR/LAR) (50%), total/subtotal
colectomy (1.9%), and Hartmann procedure (1.9%) in the LG;

Laparoscopy Open P value
(n=52) (n=157)
N (%) N (%)
Open conversion 4(7.7) N/A
Reason of conversion Small bowel invasion 1
Bladder invasion 1
Severe adhesion 2
Combined resection 7 (13.5) 21 (36.8) 0.005
Appendectomy 1 1
Tleocecectomy 1
Partial cystectomy 1 4
Partial cystectomy, segmental resection of small bowel 1
Segmental resection of ureter, Rt. oophorectomy 1
Segmental resection of ureter 1
Partial subtotal gastrectomy 1
Segmental resection of small bowel 1 4
Wedge resection of duodenum 1 2
Wedge resection of liver 2
Wedge resection of distal pancreas 1
Whipple operation 1
Partial resection of diaphragm 1
Wedge resection of Rt. psoas muscle 1
Partial excision of omentum 1
Abdominal wall excision 1
Operation time
Overall Mean (SD) 249.1 (71.5) 2529 (101.8) 0.821
Combined resection Mean (SD) (n = 25) 289 (74.1) 304.6 (109.2) 0.767
No combined resection Mean (SD) (n = 84) 244.8 (70.7) 225.0 (86.9) 0.253
Blood loss (mL) Mean (SD) 129.2 (196.7) 437.1 (494.1) <0.001
Complications Overall 7 (13.5) 21 (36.8) 0.005
Surgical site infections 1(1.9) 3(5.3) 0.620?
Ileus/obstruction 2 (3.8) 9 (15.8) 0.039
Voiding difficulty 2 (3.8) 5(8.8) 0.441%
Fluid collection 0 2(3.5) 0.496°
Pneumonia 2 (3.8) 0 0.225%
Etc. 0 2 (3.5) 0.496*
Clavien—-Dindo classification I 4 (7.6) 9 (15.7) 0.758*
II 3(5.7) 11 (19.2)
111 0 1(1.7)
Soft diet start (days) Median (range) 3 (2-21) 10 (3-27) <0.001°
Length of hospital stay (days) Median (range) 7 (4-29) 17 (8-38) <0.001°
Mortality Within 30 days 1(1.9) 0 (0) 0.477%

Abbreviations: LN lymph node
Fisher’s exact test
® Mann-Whitney U test
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Table 3. Pathologic and

oncologic outcomes Laparoscopy Open P value
(n=52) (n=57)
N (%) N (%)
pT stage T4a 45 (86.5) 39 (68.4) 0.025
T4b 7 (13.5) 18 (31.6)
PN stage NO 17 (32.7) 24 (42.1) 0.577
N1 19 (36.5) 19 (33.1)
N2 16 (30.8) 14 (24.6)
Stage I 17 (32.7) 24 (42.1) 0.311
il 35(67.3) 33 (57.9)
Tumor size (cm) Mean (SD) 4.9 (2.0) 5.72.4) 0.069
Positive LN numbers Mean (SD) 42 (7.7) 23(3.3) 0.105
Total LN numbers Mean (SD) 26.3 (13.3) 26 (15.8) 0916
Adjuvant chemotherapy 42 (80.8) 43 (75.4) 0.502
Recurrence No 35(67.3) 37 (64.9) 0.978%
Local recurrence 5(9.6) 7(12.3)
Systemic recurrence 11 (21.2) 12 (21.1)
Combined recurrence 1(1.9) 1(1.8)
Follow-up (months) Median (range) 41 (1-108) 45 (2-155) 0.123°

Abbreviations: LN lymph node
Fisher’s exact test
® Mann-Whitney U test

RHC (35.1%), LHC (14%), AR/LAR (35.1%), total/subtotal
colectomy (12.3%), and Hartmann procedure (3.5%) in the
OG. Palliative surgery was performed in one patient (1.9%) in
the LG and two patients (3.4%) in the OG (Table 1).

Combined resection was less commonly performed in the LG
(13.5%) than in the OG (36.8%) (P = 0.005). Bladder and small
bowel were the most commonly resected organs. Open conver-
sion occurred in four patients (7.7%). The reasons for conversion
were anatomical uncertainty due to severe adhesions (n = 2),
bladder invasion (n = 1), and small bowel invasion (n = 1).
There was no difference in operation time between the two
groups (249.1 £ 71.5 min in LG vs. 252.9 £+ 101.8 min in OG,
P =0.821). When the combined resection group and no com-
bined resection group were analyzed separately, the operation
time was not different between the LG and OG.

Table 4.  Patterns of local recurrence according to operation type
Laparoscopy Open P value
(n=5) n=7)
N (%) N (%)
Local recurrence
Perianastomotic 0 0 0.747
Mesentery/nodal 0 2 (28.6)
Retroperitoneum 3 (60) 2 (28.6)
Peritoneum 2 (40) 3(42.9)

Blood loss was significantly lower in the LG than in the OG
(129.2 £ 196.7 mL in LG vs. 437.1 £ 494.1 mL in OG,
P < 0.001). Overall complication rate was significantly lower
in the LG than the OG (13.5% in LG vs. 36.8% in OG,
P =0.005). Among the complications, ileus/obstruction was sig-
nificantly less frequent in the LG than in the OG (3.8% in LG vs.
15.8% in OG, P = 0.039). There was one in hospital mortality
within 30 days after operation in the LG due to postoperative
severe pneumonia. The median time to resuming a soft diet was
3 days (range, 2-21 days) in the LG and 10 days (range, 3—
27 days; P < 0.001) in the OG. The median length of hospital
stay was 7 days (range, 429 days) in the LG and 17 days (range,
8-38 days; P < 0.001) in the OG (Table 2).

The ratio of stage II and stage 11l was similar between the
two groups. The rate of pT4b was significantly lower in the
LG than the OG (13.5% in LG vs. 31.6% in OG, P = 0.025).
There was no difference in the number of positive and total
retrieved lymph nodes between the two groups. The rate of
adjuvant chemotherapy did not differ between the two groups
(80.8% in LG vs. 75.4% in OG, P = 0.502). There was no
difference in crude events of recurrence between the two
groups (P = 0.978) (Table 3).

Patterns of local recurrence were three retroperitoneum
type and two peritoneum type in the LG and two mesenteric/
nodal type, two retroperitoneum type, and three peritoneum
type in the OG (P = 0.747). There was no perianastomotic
type local recurrence in either group (Table 4).
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There was no statistically significant difference in 5-year
overall survival (60.7% in LG vs. 61.9% in OG, P = 0.817),
S-year disease-free survival (53.6% in LG vs. 62.6% in OG,
P =0.980), and 5-year local recurrence-free survival (88.9%
in LG vs. 88.1% in OG, P = 0.725) between the LG and the
OG (Fig. 2). Patient who experienced postoperative mortality
was included in all survival analyses.

Discussion

This study demonstrated that laparoscopy for pathologic con-
firmed T4 colon cancer showed earlier recovery and similar
long-term oncologic outcomes in comparison to open surgery.
Thus, laparoscopic surgery for T4 colon cancer could be a
viable option in selected patients.

The benefits of laparoscopy surgery, such as earlier recovery
and similar long-term oncologic outcomes, have been studied in
various multicenter randomized trials 8, 9]. Other proven advan-
tages of a reduction in long-term adhesion formations [20, 21]
and a reduction in the time to initiation of postoperative adjuvant
chemotherapy [22, 23] may be additional reasons for application
of laparoscopy in colorectal surgery. However, laparoscopic sur-
gery was not recommended in cases of colon cancer with
suspected invasion of adjacent organs [10]. Laparoscopic resec-
tion of T4 colon cancer is regarded a technical demanding pro-
cedure and its efficacy remains controversial. The main reason
for reluctance to perform laparoscopy surgery in this setting is the
fear of worse oncologic outcomes due to incomplete resection
[24]. RO resection is known to be one of the most important
prognostic factors in the management of locally advanced colo-
rectal cancer [25]. In our study, curative RO resection could be
achieved in most of the cases (98% of LG and 96% in OG) with
no difference between the two groups. The number of retrieved
lymph nodes did not differ between the two groups. In addition
to these similar short-term parameters of oncologic safety, the

S-year overall survival was similar between the groups (60.7%
in LG and 61.9% in OG). One of the most important parameters
for locally advanced colon cancer might be the rate of local
recurrence. In this study, local recurrence was divided into four
categories: perianastomotic, mesentery/nodal, retroperitoneum,
or peritoneum [18]. It was already demonstrated that the rate of
salvage RO re-resection was higher for the perianastomotic type
than the other types [18]. In our analysis, there was no
perianastomotic type of local recurrence in either group and the
types of local recurrence did not differ between the two groups.
Local recurrence-free survival showed no difference between the
groups. These long-term outcomes demonstrated that laparo-
scopic surgery could give similar oncologic results to open sur-
gery for T4 colon cancer.

The conversion rate from laparoscopy to open surgery in T4
colorectal cancer ranges from 7.1 to 24.7% [11, 13, 14, 24, 26].
The conversion rate in this study was 7.6%. As Vignali and
colleagues already noted, accumulated experience of laparoscop-
ic surgery and exclusion of rectal cancer patients might explain
the low conversion rate [11]. In contrast, Kim et al. reported that
the success rate of the laparoscopic approach was significantly
higher in rectal cancer than in colon cancer (86.3% for rectal
cancer vs. 50% for colon cancer, P < 0.001) in their laparoscopic
multivisceral resection series [26]. The reasons for the higher
success rate of completion with laparoscopy in rectal cancer were
suggested to be the magnified view of laparoscopy, selective
application of preoperative chemoradiotherapy for rectal cancer,
and possible en bloc resection of pelvic organs using the perineal
approach [26]. However, selection bias may play an important
role in determining the actual conversion rate and it is difficult to
be sure that low conversion rates directly reflect the safety of
laparoscopic surgery in retrospective studies. It has been debated
whether conversion impacts the postoperative outcomes in colo-
rectal cancer surgery; some authors reported that conversion ad-
versely impacted the long-term outcomes [27, 28] whereas others
did not observe this [29, 30]. However, there are limited data on
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Fig. 2. a Overall survival between the two groups. b Disease-free survival between the two groups. ¢ Local recurrence-free survival between the two
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the impact of conversion in the management of locally advanced
colon surgery performed by laparoscopy. Recently, Kim et al.
demonstrated that converted patients showed similar short-term
recovery outcomes and long-term oncologic results compared to
those undergoing open surgery and the non-converted laparosco-
py group, although the case number was relatively low [13].
While the pitfalls of conversion in locally advanced colon cancer
should be evaluated in a large cohort, this result suggests that
converted laparoscopy surgery might not jeopardize the
long-term oncologic outcomes.

The weakness of this study is the non-randomization of cases
and the inherent limitations of a retrospective designed study.
Our study included patients treated from 2003 to 2013, thus
different postoperative management strategies are inevitable.
Fast discharge was not strongly forced to the patients in the
earlier periods of this study and the earlier discharge becomes
more emphasized in recent years in Korea, although enhanced
recovery protocol after surgery was not applied for the enrolled
patients. The fact that open surgeries were more commonly se-
lected in the earlier periods could be a possible reason for longer
hospital stay in open surgery group, which might act as a bias.
The surgeon’s preference for laparoscopy, patients’ condition,
and preoperative local tumor staging might influence selection
of laparoscopy or open surgery. However, it is impossible to
determine the exact reasons for deciding on either one of the
modalities. It is likely that an open approach was chosen in cases
where the tumor was suspected to be more advanced. As com-
bined resections were more common, a more extensive surgical
resection was anticipated in open surgery group. This may ex-
plain in part the significantly higher rate of morbidity and longer
hospital stay in open surgery group. One patient in this study
underwent a right hemicolectomy and pylorus-preserving
pancreaticoduodenectomy (PPPD) simultaneously by an open
approach in 2008. At that time, this kind of combined resection
was considered too technically demanding for a laparoscopic
approach. However, as a result of recent developments of lapa-
roscopic instruments as well as the surgeon’s accumulation of
laparoscopic skills, laparoscopic PPPD is now technically feasi-
ble with similar oncologic outcomes to open surgery [31, 32].
Likewise, the indication for applying laparoscopic surgery could
also be expanded to include potential T4b colon cancers in pre-
operative diagnosis. Preoperative tumor staging cannot definitely
determine which patients are really pathologic T4 stage. The
positive predictive value of computed tomography for T4 colon
cancer in non-metastatic colon cancers ranges from 19.4 to
73.5% [33, 34]. This relatively low predictive rate might be a
substantial hurdle to application of our conclusions. In contrast,
several cases of clinically suspected T4 colon cancers were
proved to be pathologically T2 or T3. This result might inversely
advocate that clinical application of laparoscopic surgery in
suspected T4 cancer could be possible although further studies
into the limitations of preoperative staging are warranted. In ad-
dition, our study had possibilities of underpowered analysis due

to relatively small number of cases both in laparoscopy and open
surgery groups.

In conclusion, it is possible to apply laparoscopic surgery
selectively in the treatment of pathologic T4 colon cancer
patients with favorable recovery outcomes and without de-
creasing the long-term oncologic safety. Thus, laparoscopy
should not be regarded as an absolute contraindication in the
management of locally advanced colon cancer. Although only
a true randomized controlled trial (RCT) can eliminate any
potential selection bias, our study provides meaningful retro-
spective data that may be useful when launching an RCT.
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