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Abstract: This study evaluated the short- and long-term outcomes of laparoscopic colectomy compared with open
colectomy for patients with transverse colon cancer by matched-pair analysis. This study enrolled 59 patients who
underwent laparoscopic colectomy and compared them with 59 matched patients who underwent open colec-
tomy for transverse colon cancer. The following parameters were matched: clinical stage and type of resection.
Both short- and long-term outcomes of laparoscopic colectomy were compared with those of open colectomy. No
difference was observed between the two groups in terms of age, gender, ASA score, comorbidity, clinical stage
and operative procedures. Regarding short-term outcomes, blood loss, time to first flatus, time to liquid diet and
postoperative stay were significantly shorter in the laparoscopy group than in the open group, while operation time
was significantly longer in the laparoscopy group than in the open group. Postoperative complication was similar
between the two groups. With respect to long-term outcomes, the two groups did not differ significantly in terms
of 5-year overall and disease-free survival. In summary, laparoscopic colectomy is a safe and feasible option for
selected patients with transverse colon cancer. The short- and long-term outcomes of laparoscopic colectomy are
considered to be acceptable.
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Introduction

Since the first laparoscopic colectomy was
reported in 1991, laparoscopic colectomy has
become a realizable option for patients with
colon cancer. With regard to the advantages of
laparoscopic colectomy, some prospective ran-
domized controlled trials have shown that the
short-term outcomes for patients who under-
went laparoscopic colectomy were better than
for those who underwent an open colectomy
and long-term outcomes were similar between
laparoscopic colectomy and open resection
[1-4]. As a result, the number of laparoscopic
colectomies performed worldwide has incre-
ased recently [5-8]. However, these random-
ized controlled trials excluded transverse colon
cancer due to low incidence and technically
demanding [1-4]. But the feasibility of laparo-
scopic colectomy for transverse colon cancer
also should be guaranteed oncologically. There-
fore, in this study, we evaluated the short- and
long-term outcomes of laparoscopic colectomy
compared with those of open colectomy for

patients with transverse colon cancer by ma-
tched-pair analysis.

Materials and methods
Patients

This study complied with the Declaration of
Helsinki. This retrospective research was ap-
proved by the Ethics Committee of Zhongshan
Hospital, Fudan University. The need for in-
formed consent from all patients was waived
because of retrospective study, not prospective
trial.

Between January 2006 and January 2014, this
study enrolled 59 patients with operable trans-
verse colon cancer who underwent laparos-
copic colectomy. These patients were compa-
red with a consecutive group of 59 patients
matched by clinical stage and type of resection
who underwent open resection during the same
period. Both the short-term outcomes and long-
term outcomes for the patients who underwent
laparoscopic colectomy were compared with
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Table 1. Baseline characteristics

hospital stay, were graded

Laparoscopy

Open

according to the Clavien-Din-

(n=59) (n=59) Pvalue  go classification [9, 10]. Major

Age (y) 60 (41-75) 61 (43-72) 0.683 Complications were defined as

Gender (Male: Female) 34:25 32:27 o711  &rades3b, 4a, 4band 5. Minor

Comorbidity 0.976 complications were 9Iassnﬁed

. as 1, 2 and 3a. Operative death
Hypertension 3 2 ) . -

Diabetes Mellitus 9 6 was defined as m.ortallty within

i 30 days or hospital stay after

Coronary heart disease 2 1 resection. During the first year

Clinical stage (CTNM) 0.732 after colectomy was complet-

' 18 19 ed, patients were seen every 3

I 20 21 months at the outpatient de-

M 21 19 partment. In the second year,

ASA score 0857 follow-up took place every 6

I 36 37 months, and then follow-up

I 21 20 was performed at the end of

i 2 2 each year after treatment. Du-

Surgical procedure 0.848 ring each follow-up, serum CEA

Transverse colectomy 17 18 (carcinoembryonic antige_n), CA-

Extended right hemicolectomy 26 23 %9'9’ chest and abdominope-

Extended left hemicolectomy 16 18 live CT were performed. Colo-

: noscopy was performed yearly.

Laparoscopy: laparoscopic colectomy; Open: open colectomy. . .

Disease recurrence was defi-

ned as locoregional or distant

Table 2. Surgical Outcomes metastasis proven by radiolo-

Laparoscopy (n=59) Open (n=59) P value gy or pathology when availably

Operative time (min) 180.0 (160-220)

140.0 (130-190) 0.000

[12-15]. The last follow up was

November 2014.
Blood loss (ml) 130.0 (100-180) 200.0 (170-250) 0.000
Time to first flatus (d) 3(2-6) 4 (3-8) 0.000 Indications
Time to liquid diet (d) 5(3-9) 6 (5-9) 0.000 . o
Postoperative stay (d) 11 (9-21) 13(826) 0.020 [Inclusion criteria of laparosco-
Postoperative complications 7 14 0.092 pic colectomy for t_ran_sverse
) o colon cancer in our institution
Severity of complications were as follows: histologically
Major (3b, 4a, 4b and 5) 1 2 confirmed carcinoma of the tr-
Anastomotic leakage 1 1 ansverse colon, performance
Heart failure 0 1 status of ECOG 0-1, no eviden-
Minor (1, 2 and 3a) 6 12 ce of distant metastasis or in-
Wound infection 1 3 vasion to adjacent organs, and
Atelectasis 1 3 clinical st_age of cT1-3NO-1MO;
Pancreatitis 5 4 aI.I resecpons.were performed
) with radical intent. Exclusion
Chylous ascites 1 1 criteria included a colectomy
lleus 1 1

under emergency and patients

Laparoscopy: laparoscopic colectomy; Open: open colectomy.

those for the patients who underwent open
colectomy.

Short-term data and long-term data were ob-
tained from medical records and follow up
databases. Post-operative complications, mor-
bidity occurring within 30 postoperative days or
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submitted to palliative resec-
tion.

All patients underwent colonoscopy, magne-
tic resonance imaging of brain, chest and ab-
dominopelive CT, and ultrasonography of liver
to determine the clinical stage and to exclude
clinical metastasis. Positron emission tomogra-
phy-computerized tomography (PET-CT) and
preoperative colonscopic India ink tattooing
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Table 3. Pathological data

Cancer (AJCC) [16, 17]. For

those of the patients operat-

Laparoscopy Open Pvalue A }
(n=59) (n=59) ed before 2010, their staging
Histologic differentiation 0.706 was recalculated to match the
Well 26 o8 latest TNM classification.
Moderately 19 17 Operative technique
Poorly 11 13
Mucinous 3 1 Atumor located at the hepatic
Retrieved lymph nodes 14 (13-23) 15 (14-22)  0.350 flexure or within 10 cm distal
Pathological stage (pTNM) 0.571 to the hepatic flexure was
| 6 7 treated by extended right he-
micolectomy; a tumor at the
Il 26 28 . s
splenic flexure or within 10 cm
1] 27 24 . .
) proximal to the splenic flexure
Residual tumor 1.000 was treated by extended le-
RO 53 53 ft hemicolectomy. Transverse
R1 0 0 colectomy was performed for
R2 0 0 tumor located centrally in the
Laparoscopy: laparoscopic colectomy; Open: open colectomy. transverse colon. For Iymph-
adenectomy, D2 lymphadene-
ctomy was performed for ca-
ses up to ¢cT1-2NOMO and D3
1.0 lymphadenectomy was per-
formed for cases of T3 and
Laparoscopy N1. A detailed procedure of
08— L*"—*M colectomy for transverse co-
%J—H—#] lon cancer has been described
elsewhere [18].
s e Statistical analysis
P=0.330 Variables were presented fas
04— mean and standard devia-
tions for variables following
normal distribution and were
02 analyzed by t test. For vari-
ables following non-normal di-
stribution, data were expre-
ssed as median and range
0.0 and were compared by nonpa-
| T T T T | rametric test. Differences of
0.00 2000 40.00 60.00 80.00 100.00 semiquantitative results we-
MMonths

Figure 1. Comparison of overall survival rate between laparoscopy group and
open group. There was no significant difference between the 2 groups (P =

0.330).

and clipping were performed in selected cases
when necessary.

The clinical TNM stage of transverse colon can-
cer was based on the 7th edition of the TNM
classification of colorectal cancer which was
proposed by International Union against Canc-
er (UICC) and American Joint Committee on
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re analyzed by Mann-Whitney
U-test. Differences of qualita-
tive results were analyzed by
chi-square tests or Fisher
exact test. Survival rates were
analyzed using the Kaplan-
Meier method; differences between the two
groups were analyzed with the log-rank test.
The overall survival was assessed from the
date of colectomy until the last follow up or
death of any cause. The disease-free survival
was calculated from the date of colectomy until
the date of disease recurrence or death of any
cause. Prognostic factors for overall survival
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Table 4. Tumor recurrence data

Laparoscopic colectomy

and disease-free survival

Outcomes Laparoscopy Open P were an.alyzed with the C_OX

Tumor recurrence n (%) 6(10.2) 9(15.3) 0.407 regression model. All statis-

) tical tests were two-sided,

Recurrence site . s

Local 4 5 with the threshold of signifi-

S i 5 4 cance set at P < 0.05 level.

ys'Femlc Analysis was performed us-

Liver 1 2 ing SPSS 19.0 (SPSS Inc.,

Lung 1 1 an IBM company, Chicago,
Duodenum 0 1 IL, USA).

Time to recurrence (median) 19 17 0.523

Laparoscopy: laparoscopic colectomy; Open: open colectomy. Results

Baseline characteristics

03—

0.6

0.4

0.2

00—

P=0411

Table 1 summarizes the
baseline characteristics of
the two groups. No differ-
ence was observed bet-
ween the two groups in age,
gender, ASA score, comor-
bidity, clinical stage and op-
erative procedures.

Laparoscopy

Surgical outcomes

The surgical outcomes of
both cohorts were summa-
rized in Table 2. The opera-
tive time for laparoscopic
colectomy was significantly
longer than that after open
colectomy (P = 0.000). The

| |
0.00 20.00

Figure 2. Kaplan-Meier disease-free survival curves of the laparoscopy group

40.00

60.00
Months

T T blood loss (P = 0.000), time
80.00 100.00 to first flatus (P = 0.000),
time to liquid diet (P =
0.000) and postoperative
stay (P = 0.020) after lapa-

and the open group. No significant difference was observed (P = 0.411). roscopic surgery were sig-

Table 5. Prognostic factors for overall survival

nificantly shorter than that
after open colectomy, which
presented the advantage of minimally invasive

colectomy. There were no hospital stay or
30-day death occurred in this cohort. The inci-

dence of postoperative complications tended
to be lower among the laparoscopic colectomy
patients than among the open colectomy
patients, although the difference did not reach
statistical significance (P = 0.092).

The pathological data were presented in Table
3. Pathological analysis was performed by a
pathologist specialized in colorectal disease.

Factors Univariate  Multivariate
P value P value

Age 0.032

Sex 0.302

Operation time 0.075

Tumor size 0.018

Histological subtype 0.079

Pathological T state 0.006 0.005

Pathological N stage 0.002 0.003

Adjuvant therapy 0.302
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Table 6. Literature review of long-term outcomes by laparoscopic surgery
versusopen resection for transverse colon cancer

The overall survival and
disease-free survival of

our series were compa-

Stud Number of Aooroach Overall Disease-free
y Patients ' P survival survival rgble to_ the re§ults av-
Zhao L [18] (2014, China) 157  LAR74 5year: 73.6% 5-year: 70.5% a_l'_'ablle in the literature
Open 83 5year: 71.1% 5-year: 66.7%  1aple 6).
Mistrangelo M [19] (2014, Italy) 149 LAR 66 5-year: 86.4% 5-year: 80.4% Discussion

Open 57 5-year: 88.6% 5-year: 77.3%

Kim WR [20] (2014, Korea) 131

LAR 84 b5-year: 94.3% 5-year: 87.4%

The current study inves-

Open 47 5-year: 86.7% 5-year: 85.7% tigated the short- and

Present study (2015, China) 118

LAR59 5-year: 78% 5-year: 76%
Open 59 b-year: 75% 5-year: 71%

long-term outcomes of
laparoscopic colectomy

LAR: laparoscopic colectomy; Open: open colectomy.

For pathological data, there were no significant
differences between the two groups with
respect to histologic differentiation, excised
lymph nodes, surgical margins and pathologi-
cal TNM stage (7th AJCC-UICC) (Table 3).

Long-term outcomes

There was no significant difference in median
follow up period between the two groups. With
regard to long-term outcomes, the overall sur-
vival rates for the laparoscopy group were 85%
at 3 years, and 78% at 5 years. By comparison,
the overall survival rates for the open group
were 79% at 3 years, and 75% at 5 years (Figure
1).

Recurrent tumors developed in 10.2% of the
patients in laparoscopy group and in 15.3% of
the patients in open group. There were no sig-
nificant differences with respect to the sties of
recurrence (Table 4). No patient occurred port-
side metastasis. The postoperative disease-
free survival rates for the laparoscopy group
were 82% at 3 years and 76% at 5 years. The
corresponding rates for the open group were
75% at 3 years, and 71% at 5 years (Figure 2).
The two groups did not differ significantly in
terms of overall (P = 0.330) and disease-free
survival (P = 0.411).

In regard to prognostic factors for overall sur-
vival, age, tumor size, pathological T state and
pathological N stage were prognostic factors in
univariate analysis. In multivariate analysis,
pathological T state and pathological N stage
were independent prognostic factors for overall
survival (Table 5).
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compared with open co-
lectomy for patients wi-
th transverse colon ca-
ncer by matched-pair analysis. In terms of
short-term outcomes, we found that the blood
loss, time to first flatus, time to liquid diet and
postoperative stay with laparoscopic colecto-
my was significantly shorter than with open col-
ectomy. Regarding long-term outcomes, there
were no significant differences in overall or di-
sease-free survival between the laparoscopic
and open groups.

Previous studies have indicated that the short-
term outcomes with laparoscopic colectomy for
transverse colon cancer were better than with
open colectomy [18-25]. The results of these
reports above mentioned are consistent with
our data. However, the median postoperative
hospital stay after laparoscopic colectomy in
our study was 11 days, which was markedly
longer than in other reports [22-26]. This phe-
nomenon may be explained by the difference in
the insurance system. Because the same insur-
ance system applied for both laparoscopic col-
ectomy and open colectomy, our findings of a
postoperative shorter hospital stay with lapa-
roscopic resection might be clinically mea-
ningful.

There were several studies of comparable
results about long-term outcomes of laparo-
scopic colectomy versus open resection of
transverse colon cancer so far [18-22]. In our
study, long-term outcome of were also similar in
the two groups. The 3- and 5-year overall sur-
vival rate for laparoscopic colectomy versus
open resection was 85% versus 79%, and 78%
versus 75%, respectively (P = 0.330). The 3-
and 5-year disease-free survival rate for laparo-
scopic resection versus open colectomy was
82 versus 75%, and 76% versus 71%, respec-

Int J Clin Exp Med 2015;8(9):16029-16035



Laparoscopic colectomy

tively (P = 0.411). The reported 5-year overall
survival after laparoscopic resection for trans-
verse colon cancer ranged from 73.6% to
94.3%, and the 5-year disease-free survival
ranged from 70.5% to 87.4% [18-22]. In the
present study, 5-year overall and disease-free
survival of LR was 92.2 and 54.0%, respective-
ly, and the long-term outcomes of our study
were similar with other reports. These excellent
results in our study may be partially due to high-
ly selected and good candidates for laparo-
scopic colectomy.

In the present study, there were some limita-
tions. Above all, this is a retrospective study
from a single institution. The findings of this
study may be limited to the retrospective nature
of the analysis. Therefore, we cannot certainly
guarantee that there was no possibility of selec-
tion bias. The surgeons perhaps tended to
select laparoscopic colectomy only in relatively
simple and easy case for laparoscopic ap-
proach. Additionally, the total number of pa-
tients was relatively small in both groups (59
patients in each).

Nevertheless, we believe that the present study
could serve as useful background research for
future randomized clinical trials on laparoscop-
ic colectomy for transverse colon cancer. We
expect to investigate further studies such as
well-designed, large, observational studies or
randomized clinical trials as we accumulate
experience and cases of laparoscopic colecto-
my for transverse colon cancer.

In conclusion, the present study showed that
the outcome of laparoscopic colectomy for
transverse colon cancer was technically feasi-
ble and safe in selected patients. Laparoscopic
colectomy showed similar long-term oncologic
outcomes when compared with open resection
based on matched-pair analysis. However, lap-
aroscopic colectomy for transverse colon can-
cer should be performed for carefully selected
patients and by an expert surgical team. In
addition, further well-designed, large scale,
comparative studies and randomized con-
trolled clinical trials should be continued in this
field.

Acknowledgements

We sincerely thank the patients, their families
and our hospital colleagues who participated in
this research.

16034

Disclosure of conflict of interest

None.

Address correspondence to: Weidong Gao, De-
partment of General Surgery, Zhongshan Hospital,
Fudan University, 180 Feng Lin Road, Shanghai
200032, China. Tel: +86-21-64041990; Fax: +86-
21-640419902; E-mail: weidonggaosh@126.com

References

[1] Veldkamp R, Kuhry E, Hop WC, Jeekel J, Kaze-
mier G, Bonjer HJ, Haglind E, Pahlman L, Cues-
ta MA, Msika S, Morino M, Lacy AM; COlon can-
cer Laparoscopic or Open Resection Study
Group (COLOR). Laparoscopic surgery versus
open surgery for colon cancer: Short-term out-
comes of a randomised trial. Lancet Oncol
2005; 6: 477-484.

[2]  Guillou PJ, Quirke P, Thorpe H, Walker J, Jayne
DG, Smith AM, Heath RM, Brown JM; MRC
CLASICC trial group. Short-term endpoints of
conventional versus laparoscopic-assisted sur-
gery in patients with colorectal cancer (MRC
CLASICC trial): Multicentre, randomised con-
trolled trial. Lancet 2005; 365: 1718-1726.

[3] Lacy AM, Garcia-Valdecasas JC, Delgado S,
Castells A, Taura P, Piqué JM and Visa J. Lapa-
roscopy-assisted colectomy versus open colec-
tomy for treatment of non-metastatic colon
cancer: A randomised trial. Lancet 2002; 359:
2224-2229.

[4] Clinical Outcomes of Surgical Therapy Study
Group. A comparison of laparoscopically as-
sisted and open colectomy for colon cancer. N
Engl J Med 2004; 350: 2050-2059.

[5] Mathis KL and Nelson H. Controversies in lapa-
roscopy for colon and rectal cancer. Surg Oncol
Clin N Am 2014; 23: 35-47.

[6] Dobbins TA, Young JM and Solomon MJ. Up-
take and outcomes of laparoscopically assist-
ed resection for colon and rectal cancer in Aus-
tralia: a population-based study. Dis Colon
Rectum 2014; 57: 415-422.

[7] Tanis PJ, Buskens CJ and Bemelman WA. Lapa-
roscopy for colorectal cancer. Best Pract Res
Clin Gastroenterol 2014; 28: 29-39.

[8] Wang CL, Qu G and Xu HW. The short- and
long-term outcomes of laparoscopic versus
open surgery for colorectal cancer: a meta-
analysis. Int J Colorectal Dis 2014; 29: 309-
320.

[9] Clavien PA, Barkun J, de Oliveira ML, Vauthey
JN, Dindo D, Schulick RD, de Santibanes E, Pe-
kolj J, Slankamenac K, Bassi C, Graf R, Vonlan-
then R, Padbury R, Cameron JL and Makuuchi
M. The Clavien-Dindo classification of surgical

Int J Clin Exp Med 2015;8(9):16029-16035


mailto:weidonggaosh@126.com

[10]

(11]

(12]

[13]

(14]

[15]

[16]

[17]

(18]

Laparoscopic colectomy

complications: five-year experience. Ann Surg
2009; 250: 187-196.

Dindo D, Demartines N and Clavien PA. Clas-
sification of surgical complications: a new pro-
posal with evaluation in a cohort of 6336 pa-
tients and results of a survey. Ann Surg 2004;
240: 205-213.

Jin K, Wang J, Lan H and Zhang R. Laparoscop-
ic surgery for colorectal cancer in China: an
overview. Int J Clin Exp Med 2014; 7: 4635-
4645.

Akkoca AN, Yanik S, Ozdemir ZT, Cihan FG,
Sayar S, Cincin TG, Cam A and Ozer C. TNM
and Modified Dukes staging along with the de-
mographic characteristics of patients with
colorectal carcinoma. Int J Clin Exp Med 2014;
7: 2828-2835.

Lan H, Jin K, Gan M, Wen S, Bi T, Zhou S, Zhu
N, Teng L and Yu W. APOBEC3G expression is
correlated with poor prognosis in colon carci-
noma patients with hepatic metastasis. Int J
Clin Exp Med 2014; 7: 665-672.

Fu X, Shi L, Zhang W, Zhang X, Peng Y, Chen X,
Tang C, Li X and Zhou X. Expression of Indian
hedgehog is negatively correlated with APC
gene mutation in colorectal tumors. Int J Clin
Exp Med 2014; 7: 2150-2155.

ince AT, Baysal B, Kayar Y, Arabaci E, Bilgin M,
Hamdard J, Yay A and Senturk H. Comparison
of tomographic and colonoscopic diagnoses in
the presence of colonic wall thickening. Int J
Clin Exp Med 2014; 7: 4413-4419.

Maguire A and Sheahan K. Controversies in
the pathological assessment of colorectal can-
cer. World J Gastroenterol 2014; 20: 9850-
9861.

van de Velde CJ, Boelens PG, Tanis PJ, Espin E,
Mroczkowski P, Naredi P, Pahlman L, Ortiz H,
Rutten HJ, Breugom AJ, Smith JJ, Wibe A, Wig-
gers T and Valentini V. Experts reviews of the
multidisciplinary consensus conference colon
and rectal cancer 2012: science, opinions and
experiences from the experts of surgery. Eur J
Surg Oncol 2014, 40: 454-468.

Zhao L, Wang Y, Liu H, Chen H, Deng H, Yu J,
Xue Q and Li G. Long-term outcomes of laparo-
scopic surgery for advanced transverse colon
cancer. J Gastrointest Surg 2014; 18: 1003-
109.

16035

(19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

Mistrangelo M, Allaix ME, Cassoni P, Giraudo
G, Arolfo S and Morino M. Laparoscopic versus
open resection for transverse colon cancer.
Surg Endosc 2015; 29: 2196-202.

Kim WR, Baek SJ, Kim CW, Jang HA, Cho MS,
Bae SU, Hur H, Min BS, Baik SH, Lee KY, Kim
NK and Sohn SK. Comparative study of onco-
logic outcomes for laparoscopic vs. open sur-
gery in transverse colon cancer. Ann Surg Treat
Res 2014; 86: 28-34.

Hirasaki Y, Fukunaga M, Sugano M, Nagakari
K, Yoshikawa S and Ouchi M. Short- and long-
term results of laparoscopic surgery for trans-
verse colon cancer. Surg Today 2014; 44:
1266-1272.

Yamamoto M, Okuda J, Tanaka K, Kondo K,
Tanigawa N and Uchiyama K. Clinical out-
comes of laparoscopic surgery for advanced
transverse and descending colon cancer: a
single-center experience. Surg Endosc 2012;
26: 1566-1572.

Akiyoshi T, Kuroyanagi H, Fujimoto Y, Konishi T,
Ueno M, Oya M and Yamaguchi T. Short-term
outcomes of laparoscopic colectomy for trans-
verse colon cancer. J Gastrointest Surg 2010;
14: 818-823.

Lee YS, Lee IK, Kang WK, Cho HM, Park JK, Oh
ST, Kim JG and Kim YH. Surgical and patho-
logical outcomes of laparoscopic surgery for
transverse colon cancer. Int J Colorectal Dis
2008; 23: 669-673.

Fernandez-Cebrian JM, Gil Yonte P, Jimenez-
Toscano M, Vega L and Ochando F. Laparo-
scopic colectomy for transverse colon carcino-
ma: a surgical challenge but oncologically
feasible. Colorectal Dis 2013; 15: e79-e83.
Chand M, Siddiqui MR, Rasheed S, Brown G,
Tekkis P, Parvaiz A and Qureshi T. A systematic
review and meta-analysis evaluating the role of
laparoscopic surgical resection of transverse
colon tumours. Surg Endosc 2014; 28: 3263-
3272.

Int J Clin Exp Med 2015;8(9):16029-16035



