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Abstract

Purpose The surgical indication of laparoscopic surgery for pT4 colon cancer remains to be established because only a few
studies have investigated the short- and long-term outcomes of laparoscopic surgery for them to date. Therefore, we aimed to
elucidate the validity of laparoscopic surgery for them.

Methods We retrospectively analyzed 81 patients with pT4 colon cancer who underwent surgical resection with a curative intent
at Kobe University Hospital from January 2007 to December 2015. The short- and long-term outcomes were compared between
the propensity score-matched patients who underwent laparoscopic colectomy (LAP group, n =25) and those who underwent
open colectomy (OP group, n =25).

Results Intraoperative blood loss was significantly less in the LAP group than in the OP group (p = 0.029). Operative time, RO
resection rate, and morbidity did not significantly differ between the two groups. The 5-year overall survival (OS) and the 5-year
recurrence-free survival (RFS) did not significantly differ between the propensity score—matched groups. Univariate and multi-
variate analyses of the entire cohort showed the surgical approach (LAP vs OP) selected was not a significant prognostic factor
for OS or RFS.

Conclusions The short and the long-term outcomes were similar between the LAP and OP groups. Laparoscopic surgery might
be a safe and feasible option for pT4 colon cancer patients.
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Introduction

Colorectal cancer is a malignant tumor with a high prev-
alence worldwide. In fact, it is the third most diagnosed
cancer in the world [1]. Although several treatment op-
tions for colorectal cancer, including chemotherapy, mo-
lecular targeted therapy, and radiotherapy, have emerged,
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surgical resection remains the only approach to achieve
complete cure. Since the 1990s, when Jacobs for the first
time reported the use of laparoscopic colectomy for colon
cancer, laparoscopic surgery has become widespread [2].
Numerous studies had reported the safety and validity of
laparoscopic surgery for colorectal cancer, with the same
outcomes as those of open surgery. Additionally, in the
majority of randomized trials, the short-term outcomes
of laparoscopic surgery were better than those of open
surgery [3, 4]. However, only a limited number of studies
have reported the short- and long-term outcomes of lapa-
roscopic surgery for pathological T4 (pT4) colorectal can-
cer. Therefore, no consensus exists regarding the surgical
indication of laparoscopic surgery for pT4a/pT4b colorec-
tal cancer [5—15]. In the present study, we aimed to elu-
cidate the validity of laparoscopic surgery for pT4a/pT4b
colon cancer by comparing the short- and long-term out-
comes of patients with pT4 colon cancer who underwent
laparoscopic or open surgery.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00384-019-03320-3&domain=pdf
http://orcid.org/0000-0002-5626-2849
mailto:txaoki@med.kobe-u.ac.jp

1260

Int J Colorectal Dis (2019) 34:1259-1265

Materials and methods
Patients

Patients with pT4a/pT4b colon cancer who underwent surgery
at Kobe University Hospital from January 2007 to December
2015 were enrolled in this study. The study patients were
staged according to the American Joint Committee on
Cancer (AJCC) TNM classification system [16].

Between January 2007 and December 2015, 114 pa-
tients with pT4 colorectal cancer underwent colorectal re-
section. Of these, 5 patients who underwent recurrent tu-
mor resection, 6 patients who presented with other con-
comitant cancers, 9 patients who underwent palliative sur-
gery, and 13 patients who underwent proctectomy were
excluded from the study. Then, 81 patients, including 46
patients who underwent laparoscopy surgery (LAP group)
and 35 patients who underwent open surgery (OP group),
remained. For adjusting heterogeneity between the treat-
ment groups, propensity analyses were conducted.
Propensity scores (i.e., predicted probability of receiving
laparoscopic surgery) were generated based on confound-
ing covariates including sex, age, BMI, tumor size, and
cStage. After propensity score matching, 25 matched pairs
of patients were selected and analyzed by retrospective
chart review.

Written informed consent for this publication was ob-
tained from all patients. All procedures and subsequent
analyses were performed with the approval of the
Clinical & Translational Research Center of Kobe
University Hospital in Japan. The study was conducted in
accordance with the guidelines of the 1975 Declaration of
Helsinki, as revised in 2000 (5), concerning Human and
Animal Rights.

Surgical procedure

All patients underwent surgical resection in conformity
with the Japanese Society for Cancer of the Colon and
Rectum guidelines [17]. Depending on the tumor site,
the following methods of resection were adopted as re-
quired: ileocecal resection, right colectomy, transverse
colectomy, left colectomy, descending colectomy, sigmoid
colectomy, anterior resection, Hartmann’s operation, and
multivisceral resection. Ileocecal resection, right
colectomy, and transverse colectomy were considered as
right hemicolectomy (RHC), whereas left colectomy, de-
scending colectomy, and sigmoid colectomy were consid-
ered as left hemicolectomy (LHC). Surgical approach
whether laparoscopy or open was selected according to
surgeon’s preference. Open approach tended to be selected
at the beginning of the cohort, whereas laparoscopic ap-
proach gradually increased later in the cohort. Conversion
cases were analyzed as the LAP group.

Follow-up

All patients with high-risk stage II, III, or IV disease were
recommended to receive adjuvant chemotherapy. If the pa-
tients agreed with chemotherapy, medical oncologists man-
aged their chemotherapeutic regimen. The patients were
followed up every 3 months for the first 2 years and at every
6 months thereafter. The follow-up program comprised phys-
ical examinations and blood tests, including tests for tumor
markers, carcinoembryonic antigen, and carbohydrate antigen
19-9 (CA19-9), at each visit; thoracic and abdominal comput-
ed tomography at every 6 months; and total colonoscopy at
every 2 years.

Table 1  Demographic and tumor characteristics of the entire cohort and propensity score—matched patients
Parameter Entire cohort (n=81) Propensity score—matched pairs (n = 50)
LAP (n=46) OP (n=35) p value LAP (n=25) OP (n=25) p value
N (%) N (%) N (%) N (%)
Sex Male 18 (39.1) 13 (37.1) 0.855 8(32.0) 9 (36.0) 0.765
Female 28 (60.9) 22 (62.9) 17 (68.0) 16 (64.0)
Age (years) Median (range) 71.5 (34-93) 73 (44-86) 0.787 74 (34-93) 72 (44-83) 0.625
BMI (kg/m?) Median (range) 20.7 (12.2-27.0) 21.3 (14.7-28.8) 0.142 21.4 (17.6-27.0) 20.8 (14.7-28.8) 0.389
Tumor size (mm) Median (range) 44 (23-118) 58 (30-223) 0.001* 45 (24-118) 55 (30-110) 0.273
cStage 1 3(6.5) 0 0.068 0 0 0.839
I 15 (32.6) 6 (17.1) 7 (28.0) 6 (24.0)
il 16 (34.8) 14 (40.0) 8(32.0) 10 (40.0)
v 12 (26.1) 15 (42.9) 10 (40.0) 9 (36.0)

LAP, laparoscopic colectomy; OP, open colectomy; BMI, body mass index

*p<0.05 in all variables
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Table 2  Clinical data and operative outcomes of propensity score—matched patients
Parameter Propensity score—matched pairs (n = 50)
LAP (n=25) OP (n=25) p value
N (%) N (%)
ASA grade I 11 (44.0) 15 (60.0) 0.394
il 11 (44.0) 9 (36.0)
I 3(12.0) 1 (4.0)
Comorbidity 13 (52.0) 9 (36.0) 0.253
Prior abdominal surgery 9 (36.0) 9 (36.0) 1.000
CEA (ng/ml) Median (range) 5.2 (0.8-7382.3) 22.3 (1.3-4350.5) 0.574
CA19-9 (U/ml) Median (range) 17 (1-31,815) 33.5(2-39,225) 0.785
Tumor location Right side 13 (52.0) 8(32.0) 0.150
Left side 12 (48.0) 17 (68.0)
pT T4a 22 (88.0) 18 (72.0) 0.153
T4b 3(12.0) 7 (28.0)
pN NO 7 (28.0) 12 (48.0) 0.339
N1 12 (48.0) 9 (36.0)
N2 6 (24.0) 4(16.0)
pStage 1IB + 1IC 7 (28.0) 9 (36.0) 0.608
1B + HIC 8 (32.0) 5(20.0)
v 10 (40.0) 11 (44.0)
Preoperative treatment Chemotherapy 1(4.0) 0 0.236
Nothing 24 (96.0) 25 (100.0)
Adjuvant therapy Chemotherapy 14 (73.7) 10 (55.6) 0.247
Nothing 5(26.3) 8 (44.4)
Surgical procedure RHC 13 (52.0) 8 (32.0) 0.093
LHC 6 (24.0) 14 (56.0)
AR 4 (16.0) 1(4.0)
Hartmann’s 2 (8.0) 2 (8.0)
Multivisceral resection Any 2 (8.0) 8 (32.0) 0.029"
Ileum 1 (4.0) 2(8.0)
Bladder 0 1(4.0)
Uterus 0 2 (8.0)
Ovary 0 3 (12.0)
Peritoneum 1(4.0) 3(12.0)
Conversion laparotomy 2 (8.0) -
Operative time (min) Median (range) 255 (126, 441) 209 (90, 530) 0.169
Blood loss (ml) Median (range) 50 (0, 2210) 280 (26, 2660) 0.029"
Transfusion 7 (28.0) 8(32.0) 0.758
RO, 1,2 0 17 (68.0) 16 (48.0) 0.493
1 0 1(4.0)
2 8(32.0) 8(32.0)
Postoperative hospital stay Median (range) 13 (7-100) 19 (10-38) 0.715
Morbidity (CD > Grade II) 3(12.0) 7 (28.0) 0.153
Bleeding 0 0
SSI 0 2 (8.0)
Abscess 1(4.0) 2 (8.0)
Anastomotic leakage 0 1(4.0)
Ileus 0 2(8.0)
Others 3(12.0) 1 (4.0)
Mortality 0 0 -

LAP, laparoscopic colectomy; OP, open colectomy; ASA, American Society of Anesthesiologists; CEA, carcinoembryonic antigen; CA/9-9, carbohy-
drate antigen 19-9; CD, Clavien—Dindo classification; RHC, right hemicolectomy; LHC, left hemicolectomy; AR, anterior resection; SS/, surgical site

infection

*p<0.05 in all variables

Statistical analysis

were performed to predict the long-term outcomes, OS,

and RFS.

The data on clinicopathological characteristics were ob-
tained by retrospective chart review. OS and RFS were
derived from the Kaplan—Meier estimates. Additionally,
univariate and multivariate analyses of the clinical factors

Statistical analyses were performed using JMP 11.2.0 (SAS
Institute Inc., Cary, NC, USA). Quantitative data were
expressed as the median and range. Categorical data were com-
pared by x” test or Fisher’s exact test. The OS and RFS rates
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Fig. 1 Kaplan—Meier curves for
the overall survival (OS) rates and
the recurrence-free survival (RFS)
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were compared by log-rank test. Multivariate Cox proportional
hazards regression analyses for predicting prognostic factors
were reported as a hazard ratio with 95% confidence interval.
p <0.05 was considered statistically significant.

Results

Table 1 summarizes demographic and tumor characteristics of
the entire cohort patients and propensity score—matched
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patients. The mean tumor size was significantly larger
(p<0.001) and cStage tended to be advanced (p =0.068) in
the OP group before propensity score matching. After propen-
sity score matching, this heterogeneity was balanced.

Table 2 presents the clinical data and the operative out-
comes of propensity score-matched patients. Although the
operative time did not differ between the groups, the estimated
blood loss was significantly higher in the OP group. The num-
ber of patients who underwent multivisceral resection was
greater in the OP group. In the LAP group, only 2 patients
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Table 3 Recurrence pattern of
propensity score—matched Parameter Propensity score—matched pairs (n = 50)
patients
LAP (n=25) OP (n=25) p value
N (%) N (%)
Recurrence rate 7/19 (36.8) 9/18 (50.0) 0.419
Recurrence site Local or peritoneum 4 (21.1) 2 (11.1) 0.408
Liver or lung 2 (10.5) 6(33.3) 0.087
Lymph 0 2 (11.1) 0.083
Others 1(5.3) 2 (11.1) 0.512

LAP, laparoscopic colectomy; OP, open colectomy

(8.0%) required conversion to open surgery. R0 resection was
achieved in 68.0% and 48.0% of the patients in the LAP and
OP groups, respectively.

The 5-year OS rate was 53.4% in the LAP group and 53.7%
in the OP group (p = 0.658). The 5-year RFS rate was 62.3% in
the LAP group and 48.6% in the OP group (p = 0.434) (Fig. 1).

Table 3 indicates the patterns of recurrence. The recurrence
rates of propensity score-matched patients in the LAP and OP
groups were 36.8% (7/19) and 50.0% (9/18), respectively,
albeit with no significant difference (p =0.419). The recur-
rence of liver, lung, or lymph node tended to develop more

often in the OP group, while the local or peritoneal recurrence
was more frequent in the LAP group, although these differ-
ences did not reach significance.

In univariate and multivariate analyses of the entire cohort,
the factors of age, CA 19-9, tumor location, and RO resection
were significant predictors of OS and the factors of age, CAI19-
9, tumor location, and pT were significant predictors of RFS.
pT4a was a significant independent predictor of poorer RFS
compared with pT4b. The surgical approach (LAP vs OP)
selected was not a significant prognostic factor for OS or
RFS (Table 4).

Table 4  Univariate and multivariate analyses of clinical factors predicting long-term outcomes

Parameter Overall survival (n=81) Recurrence-free survival (n=61)
Univariate Multivariate Univariate Multivariate
p value p value, HR (95% CI) p value p value, HR (95% CI)
Sex 0.558 0.909
Age (years) > 65 0.083 0.028"; 2.326 [1.091-5.346] 0.034" 0.042%; 2.999 [1.040-11.023]
BMI (kg/m?) > 25 0.508 0.259
ASA grade I vs II/ITT 0.369 0.305
Comorbidity 0.427 0.671
CEA (ng/ml) > 5 0.048" 0.737; 1.144 [0.532-2.637] 0.366
CA19-9 (U/ml)>37 0.002" 0.001"; 3.502 [1.743-7.161] 0.010" <0.001"; 5.535 [2.229-13.616]
Tumor location (right side vs left side) 0.039" 0.003"; 3.108 [1.486-6.777] 0.008" 0.007"; 3.373 [1.394-8.794]
Tumor size (mm) > 50 0.923 0.560
pT stage T4a vs T4b (T4a/T4b) 0.867 0.040" 0.018"; 4.386 [1.269-20.590]
pN stage NO vs N1/2/3 0.314 0.022" 0.119; 2.067 [0.834-5.708]
Adjuvant therapy 0.142 0.101
Approach (laparoscopy vs open colectomy) 0.396 0.926
Multivisceral resection 0.730 0.062 0.784; 1.192 [0.300-3.790]
Conversion laparotomy 0.334 0.505
Operative time (min) > 240 0.611 0.177
Blood loss (ml)> 100 0.299 0.514
Transfusion 0.364 0.137
RO vs R1/2 0.024" 0.005"; 2.905 [1.389-6.073] 0.474

BMI, body mass index; ASA, American Society of Anesthesiologists; vs, versus; CEA, carcinoembryonic antigen; CA/9-9, carbohydrate antigen 19-9;

HR, hazard ratio; CI, confidence interval

*p<0.05 in all variables
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Discussion

Since several large clinical trials have reported the safety and
favorable long-term outcomes of laparoscopic surgery for co-
lorectal cancer compared with those of open surgery, laparo-
scopic surgery has become the standard procedure for colo-
rectal cancer [18-20]. However, reports regarding the out-
comes of laparoscopic surgery for pT4 colon cancer remain
scarce [10, 11, 15]. As with previous reports, in terms of the
short-term outcomes, laparoscopic surgery was not inferior to
open surgery in this study. Intraoperative blood loss in the
LAP group was significantly less than that in the OP group,
with no difference in the operative time. Because major blood
loss has been demonstrated to be an independent prognostic
factor for survival, less intraoperative blood loss in the LAP
group should be a favorable result in terms of the long-term
outcomes [21]. The conversion rate of surgery in this study
was 8.0% (2 of the 25 patients in the LAP group), which was
comparable with the conversion rate of 3.8 to 23% reported in
previous studies [5—15]. The requirement of multivisceral re-
section (ileum or peritoneum) is the reason for the conversion.

Notably, no significant differences were noted between the
groups in terms of postoperative complications.

Although the 5-year OS and 5-year RFS did not signifi-
cantly differ between the propensity score-matched groups,
the entire cohort showed the local recurrence rate was signif-
icantly higher in the LAP group (10/36, 27.8%) than in the OP
group (2/25, 8.0%) (p =0.045). Multivariate analysis of clin-
ical factors predicting local recurrence detected no indepen-
dent prognostic factors including surgical approach; however,
all 10 patients who had local/peritoneal recurrence in the LAP
group showed pT4a. Fujii et al. compared the laparoscopic
colectomy group and the open colectomy group of pStage
II/TII colon cancer, and revealed that the peritoneal recurrences
of pT4 were higher in the laparoscopic colectomy group than
the open colectomy group, which was presented at the annual
meeting of the Society of American Gastrointestinal and
Endoscopic Surgeons (SAGES) in 2016. Similarly, a large-
scale phase 3 randomized controlled trial JCOGO0404, in
which survival outcomes following laparoscopic versus open
colectomy for stage IT or III colon cancer were investigated,
revealed that patients with clinical T4 disease in the laparo-
scopic surgery group tended to show worse survival compared
with those in the open surgery group [22]. Importantly, it is
presumed that most of the T4 patients were likely to be with
T4a staging because only patients with T4 disease without
involvement of other organs were eligible in JCOG0404.
Therefore, surgeons might be better to have caution for the
indication of laparoscopic surgery for pT4a colon cancer.
Large-scale analysis is warranted to investigate this in the
future.

To date, only three studies have examined the prognostic
factors for the outcomes of curative resection for pT4
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colorectal cancer [11, 13, 15]. On the basis of the findings of
these studies, we identified CA19-9 and tumor location as
significant independent predictors for both OS and RFS, pN
for RFS, and RO resection for OS. Right-sided tumor was a
significant independent predictor related to poor prognosis
compared with left-sided tumor, which is consistent with the
reports of previous studies on whole or metastatic colorectal
cancers [23, 24]. Ishihara et al. [25] have reported that stage
IV right-sided colon cancer showed a worse prognosis than
left-sided colon cancer, suggesting that stage IV right-sided
colon cancer is biologically more aggressive than left-sided
colon cancer. Right-sided colon cancer is characterized by a
high frequency of BRAF mutation, which is correlated with
worse prognosis [26-28]. Such biological characteristics may
have resulted in the worse prognosis of the right-sided pT4
colon cancer in this study.

Interestingly, we identified pT4a as a significant indepen-
dent predictor of poorer RFS compared with pT4b. Similarly,
Kyang et al. [29] have reported that T4a tumors were
prognostically worse in terms of peritoneal metastasis than
T4b tumors. Thus, we ascertained that tumor cell spillage
might develop more frequently in T4a tumor than in T4b
tumor. However, further studies are warranted to arrive at a
definitive conclusion.

In conclusion, this study revealed favorable short-term and
long-term outcomes of laparoscopic surgery for patients with
pT4 colon cancer. However, recurrence pattern might differ
between the open and laparoscopic approaches for pT4 colon
cancer, and further analysis was essential for more definitive
conclusions.
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