
Short- and Mid-Term Outcomes After Early Surgical
Training in Laparoscopic Colorectal Cancer Surgery:

Trainees’ Performance Has No Negative Impact

Satoshi Ogiso, MD,1,2 Takashi Yamaguchi, MD,1 Yoshiharu Sakai, MD, PhD, FACS,2 Yoshihisa Okuchi, MD,1

Takahide Murakami, MD,1 Hiroaki Hata, MD,1 Meiki Fukuda, MD,1 and Iwao Ikai, MD, PhD1

Abstract

Background: This study aimed to evaluate the safety and quality of laparoscopic colorectal cancer surgery
undertaken by trainees.
Patients and Methods: From a prospectively maintained database, we identified 456 consecutive patients who
underwent laparoscopic resection for colorectal cancer between 2006 and 2010. Short-term operative outcomes,
relapse-free survival (RFS), and overall survival (OS) were compared between operations undertaken by the
experts (E group) and trainees (T group). Multivariate analyses were performed for RFS and OS in stage II/III
disease.
Results: Trainees performed 313 surgeries (68.6%) and completed the procedure by themselves in 297 cases
(94.9%). Short-term outcomes, including operative time, blood loss, conversion, complication, mortality, and
retrieval of less than 12 lymph nodes, were comparable between the E group and the T group. After a median
follow-up period of 35 months, RFS and OS were similar between the two groups, with the exception of OS for
stage II (3-year OS for E group versus T group, 96.9% versus 87.0%; P = .029); however, this difference
disappeared after multivariate analyses. Multivariate analyses showed that positive resection margin and higher
log carcinoembryonic antigen (CEA) levels were associated with lower RFS. Furthermore, increasing age, posi-
tive resection margin, higher log CEA levels, intraoperative surgeon exchange, rectal cancer, postoperative
complications, absence of postoperative chemotherapy, and shorter operative time were associated with poor OS.
Conclusions: Laparoscopic operations undertaken by trainees did not negatively affect short-term outcomes
and were not associated with impaired mid-term oncologic outcomes. Our findings support early initiation of
training in laparoscopic surgery for colorectal cancer treatment.

Introduction

Despite the technical difficulties associated with a
laparoscopic approach, this is now the standard treat-

ment for colorectal cancer,1 due to its advantages over con-
ventional open surgery, such as reduced pain, reduced
dependence on analgesics, rapid recovery of the gastroin-
testinal tract, and a shorter hospital stay.2–6 Several ran-
domized clinical trials of laparoscopic versus open resection
for colorectal cancer suggest equivalent long-term outcomes
with both techniques.2,3,6–10 Although laparoscopic colorec-
tal procedures are technically demanding and associated with
a steep learning curve, in the era of laparoscopic surgery, it is
imperative that these procedures be included in general sur-

gery training programs. During the training period, it is im-
portant to ensure that surgical trainees obtain sufficient
experience in laparoscopic techniques11 while also main-
taining the safety and quality of operations undertaken by
trainees. However, the impacts of training programs in lap-
aroscopic surgery on the treatment of colorectal cancer, es-
pecially on the safety and quality of the procedure from an
oncologic perspective, have not yet been evaluated in the
clinical setting.11–16 This study aimed to evaluate the safety
and quality of operations performed by novice surgeons
during their training period. We compared short-term results
and mid-term oncologic outcomes following laparoscopic
treatment of colorectal cancer by the experts (E group) and
trainees (T group).
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Patients and Methods

Patients

From a prospectively maintained single-institution data-
base, we identified 456 consecutive patients who underwent
laparoscopic resection for colorectal cancer between 2006
and 2010. The indications for laparoscopic surgery were
colorectal cancer tumors that did not form a bulky mass and
did not involve a massive lymph node or invasion of the
adjacent organs. Surgeries were performed by an experi-
enced, board-certificated, expert surgeon (T.Y.) or by 10
trainees who had been trained in open and laparoscopic
surgery for 1–3 years previously.

Data regarding the patients’ demographics, operative de-
tails and outcomes, and follow-up status were collected
prospectively. Tumors were staged according to the Sixth
Tumor-Node-Metastasis (TNM) classification of the Inter-
national Union Against Cancer on the basis of the histolog-
ical findings of the surgical specimens.

This study was approved by the local committee for
medical ethics and clinical studies of Kyoto Medical Center,
Kyoto, Japan.

Surgical procedures

The surgical procedures used for laparoscopic colorectal
resection (LCR) at our institution have been previously de-
scribed.13,16,17 The surgical team comprised an operating
surgeon (primary surgeon), assistant surgeon, and en-
doscopist. In total, five ports were inserted: the 12-mm
umbilical port for the telescope and one port each (diameter,
5–12 mm) into the left upper, left lower, right upper, and right
lower abdominal quadrants. Lymph node dissection was
performed in accordance with the oncologic surgical princi-
ples recommended by the Japanese Society for Cancer of the
Colon and Rectum18,19; in brief, a D3 lymph node dissection,
including the pericolic nodes (local nodes), mesocolic nodes
(intermediate nodes), and nodes at the origin of the feeding
artery (main nodes), was generally performed, except in cases
of elderly patients, of tumors confined to the submucosa, or of
palliative resection for stage IV cancer. With regard to rectal
cancer, total mesorectal excision was performed in cases of
low rectal cancer (0–8 cm above the anal verge) and anal
canal cancer. Meanwhile, tumor-specific mesorectal excision
was performed in cases where the tumor was confined to the
upper rectum (8–12 cm above the anal verge).

Training program

Initially, novice surgeons are required to perform basic
laparoscopic procedures such as cholecystectomy and act as
endoscopists in LCRs. They are also encouraged to view a
collection of video recordings of LCRs. Second, trainees are
required to act as a primary surgeon in laparoscopic sigmoid
colectomy and ileocecal resection, followed by laparoscopic
hemicolectomy (both sides) and transverse colectomy. La-
paroscopic surgery for rectal cancer is the last procedure that
trainees perform. This program offers trainees sufficient ex-
perience and enables stepwise acquisition of laparoscopic
skills.

Our program used a few principles to maintain the quality
of LCRs operated on by trainees: (1) The primary surgeon
was selected by an expert surgeon, considering each trainee’s

skill and the technical difficulty associated with patient-
related factors. (2) An expert served as an assistant to retract
the colorectum and its mesentery for organizing good oper-
ative field and to push the small bowel away from the oper-
ative field. (3) Trainees were uniformly required to use the
standardized techniques to achieve mobilization of the colon
and rectum, proximal ligation and division of the feeding
artery, and transection and reconstruction of the colon and
rectum. (4) Trainees were not given any essential advice to
learn procedural or anatomical details intraoperatively. The
expert did not perform any part of a trainee’s procedure until
assuming the position of primary surgeon, which was carried
out when trainees were stuck with technical difficulties, de-
veloped inadequate dissection plane, or caused inadvertent
bleeding.

Statistical analysis

Differences in clinicopathological characteristics and op-
erative outcomes between the E group and the T group were
analyzed according to the intention-to-treat principle. Com-
parison of the categorical variables was performed using
Fisher’s exact tests or chi-squared tests where appropriate.
Continuous variables were presented in median values with
interquartile ranges. Comparisons were performed using the
Mann–Whitney U test. Relapse-free survival (RFS) and
overall survival (OS) was analyzed. All time-to-event end
points were plotted by the Kaplan–Meier method, and the
significance was then determined using the log-rank test.
Multivariate analysis was performed for RFS and OS in stage
II/III disease to determine the hazard ratio (HR) and inde-
pendence of prognostic impact by the Cox regression model
in the backward stepwise method using variables with
P < .10. All analyses was performed using Statistical Package
for Social Sciences� (SPSS) version 15.0 software (SPSS
Inc., Chicago, IL), and significance was defined as P < .05.

Results

Among 456 consecutive laparoscopic resections for colo-
rectal cancer between 2006 and 2010, the expert performed
143 (31.4%) cases, and trainees performed 313 (68.6%)
cases. The patients and tumor characteristics are described in
Table 1. The median age was lower (67.0 versus 71.0 years;
P = .007), and the incidence of rectal cancer (37.8% versus
12.5%; P < .001) and sphincter-preserving procedures for
rectal cancer (high anterior resection and low anterior re-
section, 85.2% versus 59.0%; P = .004) were higher, in the E
group than in the T group. Carcinoembryonic antigen (CEA)
level, carbohydrate antigen 19–9 level, and nodal involve-
ment were the same between the two groups, whereas tumor
diameter was larger (mean, 4.2 versus 3.7 cm; P = .005) and
the incidence of T2–T4 tumors (79.7% versus 68.7%; P = .02)
and stage II/III tumors (58.7% versus 45.4%; P = .008) were
significantly higher in the E group than in the T group.

Operative outcomes, postoperative complications, and
recovery times are given in Table 2. Trainees completed the
procedure by themselves in 297 cases (94.9%), whereas they
were replaced by the expert intraoperatively in the remaining
16 cases (5.1%). Operative time (253 versus 245 minutes;
P = .01) and time to resume diet (median, 3.2 versus 2.6 days)
were longer in the E group than in the T group. Postoperative
complications were observed with a similar incidence in the
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two groups (8.4% versus 9.9%). Hospital death occurred in 2
patients treated by the T group: 1 stage II patient died of
duodenal peptic ulcer perforation complicated with liver
cirrhosis, and another stage IV patient died of bleeding after
liver metastasectomy.

Oncologic outcomes are summarized in Table 3. The in-
cidence of the retrieval of less than 12 lymph nodes was
similar between the two groups in each tumor stage. The

incidence of postoperative chemotherapy in stage III pa-
tients was significantly different between the E group and the
T group (83.0% versus 56.1%; P = .002). The median follow-
up period was 35 (interquartile range, 3–73) months. The 3-
year RFS was similar between the E group and the T group in
each stage (for stage 0, 100% in both groups; for stage I,
94.2% versus 98.8% [P = .14]; for stage II, 94.3% versus
87.4% [P = .22]; and for stage III, 73.7% versus 76.9%

Table 1. Patients’ Demographics

Expert (n = 143) Trainee (n = 313) P value

Sex [n (%)]
Male 81 (56.6) 170 (54.3) .69
Female 62 (43.4) 143 (45.7)

Age (years) [median (IQR)] 67.0 (59.0–74.0) 71.0 (61.5–79.0) .007
Previous abdominal surgery [n (%)] 52 (36.4) 126 (40.3) .43
CEA [median (IQR)] 3.4 (1.9–5.9) 3.45 (2.2–7.1) .18
CA 19–9 [median (IQR)] 8.0 (3.0–20.0) 7.0 (4.0–18.0) .92
Tumor size (cm) [median (IQR)] 4.0 (2.7–5.5) 3.5 (2.2–5.0) .006

Tumor location [n (%)]
Cecum 3 (2.1) 27 (8.6) < .001 (colon versus

rectum)Ascending colon 20 (14.0) 57 (18.2)
Transverse colon 15 (10.5) 29 (9.3)
Descending colon 13 (9.1) 14 (4.5)
Sigmoid colon 28 (19.6) 108 (34.5)
Rectosigmoid colon 10 (7.0) 39 (12.5)
Upper rectum 18 (12.6) 29 (9.3)
Lower rectum 32 (22.4) 6 (1.9)
Anal canal 4 (2.8) 4 (1.3)

Procedure for rectal cancer [n (%)]
HAR 1 (1.9) 1 (2.6) .004 (HAR/LAR versus

APR/Hartmann)LAR 45 (83.3) 22 (56.4)
ISR with hand-sewn anastomosis 4 (7.4) 0 (0)
Diverting ileostomy 4 (7.4) 0 (0)

APR 6 (11.1) 5 (12.8)
Hartmann’s procedure 2 (3.7) 11 (28.2)

Simultaneous major resection of other organs [n (%)] 6 (4.2) 6 (1.9) .27
Liver metastasectomy 0 (0) 4 (1.3)
Colectomy in other site or total colectomy 2 (1.4) 1 (0.3)
Esophagectomy 0 (0) 1 (0.3)
Gastrectomy 3 (2.1) 1 (0.3)
Nephrectomy 1 (0.7) 0 (0)

Pathologic T stage [n (%)]
Tis/T1 29 (20.3) 98 (31.3) .02 (Tis/T1 versus T2/3/4)
T2 27 (18.9) 49 (15.7)
T3 48 (33.6) 72 (23.0)
T4 39 (27.3) 94 (30.0)

Pathologic N stage [n (%)]
N0 82 (57.3) 195 (62.3) .31 (N0 versus N1/2)
N1 39 (27.3) 76 (24.3)
N2 22 (15.4) 42 (13.4)

Pathologic M stage [n (%)]
M0 128 (89.5) 270 (86.3) .39
M1 15 (10.5) 43 (13.7)

Pathological stage [n (%)]
Stage 0 5 (3.5) 26 (8.3) .008 (stage 0/I/IV versus

stage II/III)Stage I 39 (27.3) 103 (32.9)
Stage II 37 (25.9) 60 (19.2)
Stage III 47 (32.9) 82 (26.2)
Stage IV 15 (10.5) 42 (13.4)

APR, abdominoperineal resection; CA 19–9, carbohydrate antigen 19–9; CEA, carcinoembryonic antigen; HAR, high anterior resection;
IQR, interquartile range; ISR, internal sphincteric resection; LAR, low anterior resection.
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[P = .84]) (Fig. 1). However, the 3-year OS for stage II was
higher for the E group than for the T group (96.9% versus
87.0%; P = .03). The 3-year OS for stage 0 (100% in both
groups), stage I (100% versus 93.3%; P = .22), stage III
(91.3% versus 75.9%; P = .15), and stage IV (46.8% versus

30.7%; P = .61) were similar between the E group and the T
group (Fig. 2).

Univariate analyses of factors affecting RFS and OS for
stage II/III patients were performed using Cox regression
model stratified by tumor stage (Table 4), and parameters

Table 2. Operative Details, Complications, and Recovery

Expert (n = 143) Trainee (n = 313) P value

Completion by trainee [n (%)] — 297 (94.9)
Surgeon exchange to expert [n (%)] — 16 (5.1)
Operative time (minutes) [median (IQR)] 253 (215–308) 245 (211–293) .01
Blood loss (mL) [median (IQR)] 20 (0–60) 15 (0–50) .11
Conversion to open surgery [n (%)] 3 (2.1) 9 (2.9) .80

Bleeding 0 (0) 2 (0.6)
Invasion to the adjacent organ 0 (0) 1 (0.3)
Multiple peritoneal dissemination 2 (1.4) 2 (0.6)
Massive lymph node swelling 0 (0) 1 (0.3)
Massive tumor exposure 0 (0) 1 (0.3)
Bowel obstruction 0 (0) 1 (0.3)
Morbid obesity 0 (0) 1 (0.3)
Severe abdominal adhesion 1 (0.7) 0 (0)

Postoperative complications [n (%)] 12 (8.4) 31 (9.9) .61
Anastomotic leakage 1 (0.7) 0 (0)
Anastomotic bleeding 1 (0.7) 5 (1.6)
Port-site hernia 1 (0.7) 1 (0.3)
Perineal hernia after APR 1 (0.7) 0 (0)
Bowel obstruction 4 (2.8) 2 (0.6)
Wound infection 2 (1.4) 14 (4.5)
Other sepsis 2 (1.4) 4 (1.3)
Cerebral infarction 0 (0) 1 (0.7)
Perforation of duodenal peptic ulcer 0 (0) 1 (0.3)
Pancreatitis 0 (0) 1 (0.3)
Bleeding after hepatectomy 0 (0) 1 (0.3)
Bile leakage after hepatectomy 0 (0) 1 (0.3)

Hospital mortality 0 (0) 2 (0.6) .85
Time to resume diet (days) [median (IQR)] 2 (2–4) 2 (2–3) .005
Length of postoperative hospital stay (days) [median (IQR)] 12 (10–17) 12 (10–17) .96

APR, abdominoperineal resection; IQR, interquartile range.

Table 3. Oncologic Outcomes

Number of retrieved
LNs < 12 Residual disease

Postoperative
chemotherapy

n (%) P value R1 R2 P value (R0 versus R1/2) n (%) P value

Stage 0
Expert (n = 5) 0 (0) 1 0 (0) 0 (0) — 0 —
Trainee (n = 26) 3 (11.5) 0 (0) 0 (0) 0

Stage I
Expert (n = 39) 7 (17.9) .08 0 (0) 0 (0) — 0 —
Trainee (n = 103) 34 (33.0) 0 (0) 0 (0) 0

Stage II
Expert (n = 37) 4 (10.8) .78 0 (0) 0 (0) 1 2 (5.4) .26
Trainee (n = 60) 9 (15.0) 1 (1.7) 0 (0) 9 (15.0)

Stage III
Expert (n = 47) 5 (10.6) .81 0 (0) 0 (0) — 39 (83.0) .002
Trainee (n = 82) 9 (11.0) 0 (0) 0 (0) 46 (56.1)

Stage IV
Expert (n = 15) 6 (40.0) .29 1 (6.7) 8 (53.3) 1 14 (93.3) .22
Trainee (n = 42) 9 (21.4) 0 (0) 29 (69.0) 31 (73.8)

LN, lymph node; R1, microscopic residual tumor; R2, macroscopic residual tumor.
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with P < .10 in each univariate analysis were selected as in-
dependent variables for multivariate analyses. After univar-
iate analyses, margin status, log CEA level, and operative
time were selected as independent variables for multivariate
analysis for RFS, which showed that positive resection
margin (R1 versus R0: HR, 9.017; P = .04) and higher log
CEA level (HR, 1.560; P = .002) were significantly associ-
ated with lower RFS (Table 5). The 3-year RFS, adjusted for
these significant parameters, was 92.0% for stage II patients
and 77.4% for stage III patients. After univariate analysis,
age, margin status, postoperative chemotherapy, log CEA
level, intraoperative surgeon exchange, primary surgeon,
tumor location, operative time, and postoperative complica-
tions were selected as independent variables for multivariate
analysis for OS, which showed that increasing age (HR,
1.045; P = .04), positive resection margin (R1 versus R0: HR,
12.821; P = .02), higher log CEA level (HR, 1.521; P = .01),
intraoperative surgeon exchange (HR, 3.477; P = .04), tumor
location (rectum versus colon: HR, 2.537; P = .02), and
postoperative complications (HR, 2.702; P = .04) were sig-
nificant predictors of worse OS. Furthermore, postoperative
chemotherapy (HR, 0.215; P = .009) and longer operative
time (HR, 0.993; P = .01) were significant predictors of better

OS (Table 5). The primary surgeon did not correlate with
RFS. The primary surgeon was associated with OS in the
univariate analysis, but this did not remain significant after
multivariate analysis.

The causes of death are summarized in Table 6. Overall,
1 of 10 stage II patients in the T group (10%), 3 of 6 stage III
patients in the E group (50%), and 8 of 16 stage III patients
(50%) in the T group died from the progression of colorectal
cancer.

Discussion

The current study showed that laparoscopic operations
undertaken by trainees did not negatively affect short-term
outcomes, and, furthermore, they were not associated with
impaired mid-term oncologic outcomes. The OS of stage II
patients was lower for the T group than for the E group,
although RFS was not different between the two groups. The
difference of OS for stage II patients was not maintained after
multivariate analysis. This would suggest that any differ-
ences observed were not attributable to oncologic impair-
ment by trainees. Indeed, of the 10 stage II patients who died
from the T group, only 1 died of colorectal cancer, whereas 9

FIG. 1. Comparison of relapse-free survival (RFS) rates of
patients with (A) stage II and (B) stage III disease, treated by
experts (E group) or trainees (T group). Cum, cumulative.

FIG. 2. Comparison of overall survival (OS) rates of pa-
tients with (A) stage II and (B) stage III disease, treated by
experts (E group) or trainees (T group). Cum, cumulative.
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patients died of other diseases. RFS and OS for stage III
patients were also similar between the groups. Our study
demonstrates the safety and quality of laparoscopic colo-
rectal cancer surgery undertaken by trainees in terms of on-
cologic outcomes. Furthermore, these findings support our
belief that this complicated laparoscopic procedure can be
introduced early into the initial training period of novice
surgeons.

The differences in demographic characteristics between
patients treated by the E group and the T group are explained
by our policy of assigning trainees to easier cases. An ex-
planation for the higher incidence of rectal cancer and
sphincter-preserving procedures in the E group is that lapa-
roscopic resection for rectal cancer, especially sphincter-
preserving procedures, is more demanding than that for colon
cancer, with subsequent disadvantages such as longer oper-
ative time8,20,21 and an increased incidence of positive sur-
gical margins.6 We have previously reported that greater

tumor depth and diameter are associated with greater oper-
ative difficulty,16,17 and this accounts for the higher incidence
of T2–T4 tumors and greater tumor diameter in the E group.
Meanwhile, the differences of age and tumor stage are as-
sociated with the range of lymph node dissection. In the case
of elderly patients and Tis/T1 or stage 0/I/IV tumors, main
node dissection (D3 lymph node dissection) is often skipped,
and then these cases are considered as suitable for trainees’
operation.

Survival is the most important outcome to assess treatment
success for malignant disease. In this study, we evaluated
RFS as well as OS, as many patients were elderly, and death
might be due to other diseases. We demonstrated that RFS
was not different for each stage, but OS was worse for stage II
in the T group. Multivariate analysis revealed this difference
was not due to the primary surgeon but due to other factors.
Significant factors in our multivariate analyses for stage II/III
OS such as age, margin status, postoperative chemotherapy,

Table 4. Univariate Analyses of Factors Affecting Relapse-Free Survival

and Overall Survival for Stage II/III Patients Using the Cox Regression Model

Relapse-free survival Overall survival

Crude
hazard ratio

95% confidence
interval

P
value

Crude
hazard ratio

95% confidence
interval

P
value

Age 1.020 0.989–1.051 .21 1.085 1.046–1.126 < .001
Margin status (R1) 11.421 1.398–93.297 .02 9.472 1.177–76.248 .04
Postoperative chemotherapy 0.741 0.350–1.571 .44 0.122 0.045–0.329 < .001
Log CEA 1.575 1.201–2.066 .001 1.566 1.178–2.082 .002
Retrieved LNs < 12 0.932 0.330–2.630 .89 1.967 0.806–4.800 .14
Intraoperative surgeon exchange 0.814 0.111–5.966 .84 4.361 1.515–12.555 .006
Primary surgeon (T group) 1.184 0.609–2.302 .62 2.730 1.171–6.362 .02
Sex (male) 0.713 0.377–1.352 .30 1.361 0.664–2.791 .40
Tumor location (rectum) 0.665 0.259–1.707 .40 2.015 0.949–4.278 .07
Conversion to open surgery 1.956 0.469–8.163 .36 0.997 0.136–7.316 1.00
Tumor size 1.117 0.960–1.299 .15 1.081 0.913–1.279 .37
Operative time 0.996 0.992–1.000 .07 0.995 0.990–1.000 .05
Blood loss 1.001 0.999–1.004 .23 1.001 0.999–1.004 .32
Postoperative complication 0.956 0.293–3.121 .94 2.556 1.046–6.247 .04

CEA, carcinoembryonic antigen; LN, lymph node; R1, microscopic residual tumor; T group, trainee group.

Table 5. Multivariate Analysis of Factors Affecting Relapse-Free Survival

and Ovrall Survival for Stage II/III Patients Using the Cox Regression Model

Adjusted hazard ratio 95% confidence interval P value

RFS
Margin status (R1) 9.017 1.096–74.213 .04
Log CEA 1.560 1.179–2.063 .002
Operative time 0.996 0.992–1.001 .10

OS
Age 1.045 1.002–1.089 .04
Margin status (R1) 12.821 1.472–111.670 .02
Postoperative chemotherapy 0.215 0.068–0.681 .009
Log CEA 1.521 1.104–2.095 .01
Intraoperative surgeon exchange 3.477 1.081–11.184 .04
Primary surgeon — — .31
Tumor location (rectum) 2.537 1.140–5.644 .02
Operative time 0.993 0.988–0.988 .01
Postoperative complication 2.702 1.062–6.875 .04

CEA, carcinoembryonic antigen; OS, overall survival; R1, microscopic residual tumor; RFS, relapse-free survival.
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log CEA level, tumor location, and postoperative complica-
tions have been commonly reported.22–24 The presence of
postoperative complications and anastomotic leakage affects
the survival.25–27 This study found a low incidence of com-
plications in both the E group (8.4%) and the T group (9.4%)
and only 1 case (0.7%) of anastomotic leakage in the E group,
indicating excellent intraoperative performance by the
trainees under supervision of the expert surgeon. Some
studies report that conversion to open surgery is associated
with poor outcome6 and that a low incidence of conversion is
important to generate the benefit of laparoscopic surgery.2,28

In our study, the incidence of conversion was low in both
groups and not statistically difference (2.1% versus 2.9%).
Furthermore, conversion to open surgery did not correlate
with survival rates, which is contrary to the finding reported
previously.2,6,28

In our study, a significant association was found between
rectal cancer and worse OS, which is in accordance with the
results of previous studies.6,29 Laparoscopic rectal cancer
surgery has also been reported to require longer opera-
tive times.8,20,21 Therefore, the higher incidence of rectal
cancer in the E group could explain the longer operative time
in this group. Alternatively, this may also be explained by the

trend toward higher incidence of simultaneous major resec-
tion of other organs in the E group. Furthermore, higher in-
cidences of sphincter-preserving procedures in the E group
may account for the prolonged time to resume a normal diet
in patients treated by the E group, as these procedures are
associated with a high risk for anastomotic leakage30 and are
often managed with longer periods of fasting after surgery for
the purpose of anastomotic decompression.

The primary surgeon was replaced by the expert in 16
patients (5 patients each in stage II and III), in order to pre-
vent surgeon-related adverse outcomes. Therefore, we were
surprised to discover a significant relationship between in-
traoperative surgeon exchange and worse OS for stage II/III
patients in the multivariate analysis (HR, 2.585; P = .04). On
reviewing the follow-up data of these 16 patients, we iden-
tified 5 deaths, of which colorectal cancer caused only 1
death, which occurred 2 months after palliative resection for
stage IV disease. The remaining 4 deaths were due to other
causes (pneumonia and suicide in stage II and cardiac failure
and abscondence secondary to dementia in stage III). Col-
orectal cancer recurred in a single stage III patient, who un-
derwent liver metastasectomy 6 months after his first surgery
and is alive and free of disease 21 months after the first
surgery. Considering these findings, we propose that the re-
lationship between intraoperative surgeon exchange and
worse OS for stage II/III patients was due to an accidentally
high incidence of deaths not associated with colorectal cancer
or postoperative complications.

The more lymph nodes that are evaluated, the better the
survival rate,31–33 and most practice organizations and consen-
sus panels promote surgical evaluation of a minimum of 12
lymph nodes as acceptable staging of colorectal cancer.34–36

Patients inbothgroupsunderwent the retrievalofenoughlymph
nodes for adequate therapeutic effect and nodal staging (mean,
23.5 in theEgroup and20.6 in theTgroup).The incidenceof the
retrieval of less than 12 lymph nodes was not different between
the E group and the T group and was especially low in stage II
cancers (10.8% versus 15.0%) and in stage III cancers (10.6%
versus 11.0%).

In the current laparoscopic era, surgical education has been
also changing. It has been generally assumed that surgical
training for advanced laparoscopic procedures will take
longer than conventional surgery, because of the steep
learning curve, and that it should be started after completion
of open surgical training. However, nowadays, most colo-
rectal procedures are performed using the laparoscopic ap-
proach, and novice surgeons may have little open experience
before they start laparoscopic training. Our study not only
demonstrates the safety and quality of laparoscopic colo-
rectal cancer surgery undertaken by trainees but also supports
the concept that laparoscopic colorectal cancer surgery, one
of the more complicated laparoscopic procedures, can be
safely introduced during the early initial training period of
novice surgeons and would warrant an aggressive training
program for advanced laparoscopic procedure.

There are several limitations to consider. First, the possible
effect of biases in the selection of patients for operation by
trainees may influence the findings of this study. Admittedly,
if we aim to compare the outcomes after the procedure per-
formed by the expert and trainees and decide which is better,
a randomized control study may be desirable. However, we
believe that the careful selection of patients for operation by

Table 6. Causes of Death

Expert
(n = 143)

Trainee
(n = 313)

Stage 0 5 26
Other cancer 0 1
Cardiopulmonary failure 0 1

Total 0 2

Stage I 39 103
Cardiopulmonary failure 0 3
Sepsis 0 1
Other cause 1 2
Missing 0 2

Total 1 8

Stage II 37 60
Colorectal cancer 0 1
Other cancer 0 3
Cardiopulmonary failure 0 1
Cerebrovascular disease/accident 1 0
Sepsis 0 3
Other cause 0 1
Missing 0 1

Total 1 10

Stage III 47 82
Colorectal cancer 3 8
Other cancer 2 2
Cardiopulmonary failure 0 1
Cerebrovascular disease/accident 0 1
Sepsis 1 1
Other cause 0 2
Missing 0 1

Total 6 16

Stage IV 15 42
Colorectal cancer 8 25
Other cause 0 1
Missing 1 2

Total 9 28

Data are number of patients.
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trainees is essential and warranted to maintain its safety and
quality. Instead, we used multivariate analyses to eradicate
effects of differences of patient demographics between the
two groups. Furthermore, we wanted to evaluate the safety
and quality of trainees’ operations in order to support and
disseminate aggressive education; we did not wish to com-
pare the skill of trainees directly with that of the expert. For
this purpose, this cohort study is meaningful because it re-
vealed favorable short- and mid-term outcomes after lapa-
roscopic colorectal cancer surgery undertaken by trainees.
Another limitation is the small sample size of this study,
which evaluated cases in a single institution. With the in-
creasing use of laparoscopic approaches for the treatment of
colorectal cancer worldwide, it is expected that more data
from large-volume teaching centers or population studies will
give more information on the impact of survival with ag-
gressive education.

In summary, our study showed that laparoscopic operations
undertaken by trainees did not negatively affect short-term
outcomes and were not associated with impaired mid-term
oncologic outcomes. Our findings support early initiation of
training in laparoscopic surgery for the treatment of colorectal
cancer.
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