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Abstract

We compared short-term and long-term surgical and oncological outcomes of robotic surgery versus hand-assisted laparoscopic
surgery for rectal cancers patients. Study was conducted at the National Cancer Institute and Yonsei Cancer Centre from August
2006 to December 2012. We prospectively reviewed all patients who underwent RS and HALS for upper and middle third rectal
cancers. Patients’ demographics, postoperative short-term and long-term outcomes were assessed. Baseline patients’ character-
istics were similar in both groups. Average operative time was 321.3 = 70 min for robotic surgery versus 106.0 £+ 37 min for hand-
assisted laparoscopic surgery, P < 0.001). Higher number of patients (n = 74, 94.9%) with tumour in the upper rectum was found
in hand-assisted laparoscopic group (P < 0.01). Perioperative complications were more common in the robotic surgery group (9
vs. 5 patients). In all stages, 3-year overall survival was 86.9% in the hand-assisted laparoscopic group vs. 89.6% in the robotic
group: 80.0% vs. 79.2 for stage I and 82.4% vs. 88.9 for stage Il and I11. The 3-year DFS was 83.6% in hand-assisted laparoscopic
group vs. 83.2%—robotic surgery group considering all stages. Anastomotic leakage, bleeding, number of postoperative com-
plications, overall survival and disease-free survival were similar and not much different between robotic and hand-assisted
laparoscopic rectal cancer surgery.
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Background

Colorectal cancer (CRC) is one of the most common cancers
in the world [1]. For almost 30 years, total mesorectal excision
(TME) is still considered the gold standard of rectal cancer
treatment [2, 3].
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Most authors agree that hand-assisted laparoscopic sur-
gery (HALS) is a bridge between open and laparoscopic
surgery having most benefits of laparoscopic surgery, and
also, it makes it even easier to perform. This is succeeded
by introducing the surgeon’s hand into the abdomen, so
intra-abdominal organs and vessels can be palpated; retrac-
tion, dissection and control of the bleeding may be per-
formed [4].

Relatively new technology in the field of CRC is the robot-
ic surgery (RS) which overcomes limitations of standard lap-
aroscopy procedure. The advantages of RS are as follows: 3-
dimensional high-resolution image, removal of hand tremor,
internal articulated “endowrist” allowing for 7 degrees of
movement and better manoeuvrability especially in a narrow
pelvis [5, 6].

HALS and RS are used more often in treating rectal cancer
with great success and convenience for patients as well as the
surgeon; however, oncological outcome between these tech-
niques has not been addressed well in the literature. To our
knowledge, there is only one study assessing the difference
between HALS and RS in terms of short-term outcome in
rectal cancer [7].
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Therefore, we designed our study aiming to compare sur-
gical and oncological outcomes between the two groups: RS
and HALS TME in rectal cancer patients.

Methods
Patients

The study protocol was approved by the hospitals’
Institutional Review Board.

From 2015 January to March, we analysed the prospective-
ly collected data in two tertiary centres. We identified and
reviewed all the rectal cancer patients who underwent HALS
at the National Cancer Institute in Lithuania from August
2006 to December, 2012. The same procedure was performed
at Yonsei University Medical College in Seoul, Republic of
Korea where patients underwent robotic surgery. The analysis
of case records of historical patients, a case series analysis of
rectal cancer patients, was performed. We included all
consented patients 18 years or older with histologically con-
firmed rectal carcinoma (6 to 15 cm from the anal verge mea-
sured with MRI and rigid sigmoidoscopy). The cancers were
staged according to the American Joint Committee of Cancer.
All locally advanced cases (clinical T3/4 or N positive), locat-
ed at the middle and lower rectum, were given neoadjuvant
chemoradiotherapy (CRT). Surgical resection was performed
6—8 weeks following completion of CRT. All procedures were
performed only by two senior surgeons in each arm who have
performed at least 200 cases of rectal resections. As a result of
final histopathology, patients with stage II (with high risk fac-
tors) or III disease were offered a course of adjuvant chemo-
therapy afterword. Patients unfit for surgery, ASA II-1V, dis-
seminated disease (stage IV) or not willing to undergo mini-
mum invasive surgery were excluded from the study. Another
exclusion criterion was tumour located at the lower rectum;
for this group of patients, laparoscopic abdominoperineal re-
section or low anterior resection with transanal specimen ex-
traction and handsewn coloanal anastomosis is performed in
Lithuanian centre since there is no need to make abdominal
incision for disc placement.

Patients of both groups were matched for age, sex and stage
of disease. The variables included into the final database were
as follows: body mass index (BMI), co-morbidities, cancer
height, previous abdominal surgery, type of surgery, surgical
timing, estimated blood loss, intra-operative complications,
rate of conversion, length of hospital stay, postoperative com-
plications (complications were according the Clavien-Dindo
classification [8] > grade II) and mortality and pathohistology
results (histologic type of tumour: well-differentiated carcino-
ma, moderately differentiated adenocarcinoma, and poorly
differentiated adenocarcinoma (signet ring cell carcinoma or
mucinous carcinoma)—according to the World Health
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Organization [9] and the Japanese classification of colorectal
carcinomas [10]), length of specimen resected, distal and
proximal (CRM) margins, lymph node harvest (positive
lymph node count), and oncological outcomes. Nights spent
from surgery to discharge were defined as length of hospital.
Overall survival (OS) time from the day of randomisation
until the day of death (event) or the day of last follow-up
(censored) and recurrence—time from randomisation to dis-
ease reappearance (local recurrence: lateral lymph node, peri-
toneum, anastomotic site; distant recurrence: liver, liver +
lung, bone); the data of a patient were censored when he
was alive at last follow-up and there was no evidence of the
disease, or had died of the diseases other than rectal cancer
without evidence of a recurrence. Disease-free survival (DFS)
— time from randomisation to recurrence or death due to any
cause. A large number of patients did not have a follow-up of
> 5 years; DFS was used as surrogate for OS [11]. Patients’
data was matched to the national death registry.

RS and HALS was performed in a standardized manner
described previously [4, 12, 13].

Statistics

Fisher’s exact test was used for categorical variables, and
Mann-Whitney U test was used for continuous variables. All
statistical analysis was performed using the SPSS 17.0 statis-
tical package (Chicago, IL). All P values of < 0.05 are being
considered statistically significant.

Results

Patients’ characteristics of both groups are shown in Table 1.
A total of 150 patients were included in two centres; 10 (6.6%)
of them were lost for follow-up. Briefly, over the study time,
78 rectal cancer patients with an average age of 64 (26 to 89)
years and 55.1% of males underwent HALS TME (Table 1).
The RS group consisted of 62 patients, with 67.7% of male
patients and median age of 54 years. Male to female ratio was
similar in both groups. Stage distribution was also the same.
More patients with upper rectal cancer were included in the
HALS group (74 (94.9%) vs. 22 (35.5%) P <0.001); similar-
ly, more patients with middle rectum cancer were in the RS
group 4 (5.1%) vs. 40 (64.5% P <0.001).

Operative time was significantly shorter in the HALS
group (average 106.0+37 min vs. 321.3+ 70 min, P <
0.001). However, more patients (n =74, 94.9%) with upper
rectum cancer was seen in this group too (P <0.01). Rectal
cancers were found lower in the RS group (P < 0.001). Groups
were statistically the same according to the size of the tumour,
quality of mesorectal excision, removed lymph node count
and stage of the disease (Table 1). The positive circumferential
margin (CRM) was seen in one RS groups’ patient (1.6%).
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Table 1 Demographics and histological findings of all the patients
undergoing rectal cancer surgery in hand-assisted laparoscopic surgery
(HALS) and robotic surgery groups (RS)

HALS n=78) RS (n=62) P value
Sex 0.129
Male 43 (55.1%) 42 (67.7%)
Female 35 (44.9%) 20 (32.3%)
Age (years) 64 (26-89) 54 (35-74)  <0.001
BMI (m*/kg) 273+33 229+3.0 <0.001
Stage 0.431
0 0 (0%) 2 (3.2%)
1 33 (42.3%) 24 (38.7%)
2 18 (23.1%) 13 (21.0%)
3 27 (34.6%) 23 (37.1%)
Past operative history 0.264
No 58 (74.4%) 51(82.3%)
Yes 20 (25.6%) 11 (17.7%)
Adjuvant chemotherapy 0.752
No 28 (35.9%) 19 (30.6%)
Yes 50 (64.1%) 43 (69.4%)
Height of lesion <0.001
>6 cm, <10 cm 4 (5.1%) 40 (64.5%)
>10 cm 74 (94.9%) 22 (35.5%)
Histology 0.713
Well differentiated 10 (12.8%) 9 (14.5%)
Moderately differentiated 65 (83.3%) 52 (83.9%)
Poorly differentiated 3 (3.8%) 1(1.6%)
CRM invasion 0.260
() 78 (100%) 61 (98.4%)
+) 0 (0%) 1 (1.6%)
Distal margin (cm) 27+1.2 3.1+15 0.131
Proximal margin (cm) 10.8+4.7 10.3+£3.5 0.488
LN retrieval 15.1+8 14.8+7 0.788

BMI body mass index
CRM circular resection margin

LN lymph node

The average lymph nodes removed was 15.1 in the HALS
group and 14.8 in the RS group (P =0.788). Majority (n =
117, 78%) of the cancers were moderately differentiated.

Statistically, more non-significant perioperative complica-
tions were seen in the RS group (9 vs. 5 patients).
Postoperative bowel obstruction and leakage were also seen
more often in the RS group (Table 2). The median length of
hospitalization stay was comparable between both groups
(RS, 9.8 days vs. HALS, 9.1 days; P =0.270). Mortality
was equal to 0 in both groups.

The 3-year OS including all stages was 86.9% in the HALS
group vs. 89.6% in the RS group: 80.0% vs. 79.2 for stage |
and 82.4% vs. 88.9 for stage II and III (Fig. 1). The 3-year

Table 2 Intra-operative and postoperative outcomes in two groups of
patients undergoing rectal cancer surgery
HALS (n =78) RS (n =62) P value

LOS (days) 9.1+4 9.8+4 0.270
Operative time (min) 106.0+37 321.3+70 <0.001
Recurrence Total=7 (8.97%) Total=15 (24.1%)

Local 1 (1.2%) 1 (1.6%)

Systemic 6 (7.7%) 11 (17.7%)

Local + systemic 0 3 (4.8%)
Complication Total =5 Total =9 0.167

Leakage 2 4

Bleeding 1 0

Wound dehiscence 2 0

Postoperative ileus 0 5

HALS hand-assisted laparoscopic surgery
RS robotic surgery
LOS length of hospital stay

DFS was 83.6% in the HALS group vs. 83.2% in the RS
group, considering all stages (Fig. 2).

Discussion

In our study, we have showed that both techniques are safe
(low rates of morbidity and good oncological results) and
feasible for rectal cancer patient treatment. We found that
perioperative clinical, postoperative and oncological out-
comes of RS were comparable with those of HALS in our
groups. Comparing the demographics of both groups, only
difference in body mass index (BMI) was found to be statis-
tically significant. Higher BMI may be the factor influencing
broader usage of HALS technique in Lithuanian population.
Few studies showed that laparoscopic surgery has the same
results on long-term disease-specific survival for obese and
non-obese patients [14—17]. We will definitely see the benefit
oflaparoscopic surgery for obese patients in terms of less pain,
shorter hospital stay and lower wound infection rates, but
technical difficulties associated with suboptimal exposure
and access in obese subjects may increase the need for con-
version. HALS has some advantages over straight laparosco-
py. This is tactile feedback, dissection and retraction assisted
by surgeon’s arm. These possibilities could be very helpful in
obese patients, allowing completion of difficult laparoscopic
procedures in a shorter time [18]. There are at least few studies
assessing obesity as a possible risk factor of worse surgical
outcome in robotic colorectal surgery [19-22]. A large region-
al database of 4796 patients in the Michigan Surgical Quality
Collaborative (MSCQ) database showed that obesity was a
risk factor for conversion during laparoscopic, but not robotic
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Fig. 1 Overall survival of the
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colectomy [22]. Shiomi et al. assessed almost 300 patients and
the surgical effect of visceral obesity [21]. The authors con-
cluded that RS surgical technique was not affected by visceral
obesity in any of the surgical or postoperative parameters.

CRM involvement, TME quality and lymph node count are
important oncological markers of rectal cancer surgical qual-
ity. We found that CRM involvement rate was higher in the
RS group compared with the HALS group, although the dif-
ference did not reach statistical significance. CRM is a marker
of surgical quality. It also depends from the size and location
of the tumour. The reason of higher CRM involvement in the
RS group should be attributed to the higher number of lower
rectal cancers. Nevertheless, we found the same well-known
benefits of RS comparing with any laparoscopic surgery (part-
ly including HALS) [23]. Robotic instruments provide free
arm movements, almost the same as the human hand. These
movements are well seen in TME in the narrow, short, obese
male patient pelvis. Comparative studies have shown lower
rates of involved circumferential resection margin in RS [23,
24].

Opponents of HALS technique state that its usage de-
creases numbers of laparoscopy cases and it is related with
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slightly longer incisions. Proponents believe that HALS still
has its place for obese patients or complex surgical proce-
dures, as total colectomy [25]. Furthermore, HALS can also
be a bridge for straight laparoscopy in the teaching process for
young surgeons. Opponents state the disadvantage of longer
incision, but most of the time, the difference is less than 2 cm
and it does not translate to worse surgical outcome. For bulky
tumours, the incision for extraction the tumour might be sim-
ilar to HALS, but the timing of operation is much longer [26,
27]. Benlice et al. recently has published two large population-
based cohort studies where authors showed most of HALS
benefits [26, 27].

This is the first study to compare oncological outcomes
between RS versus HALS in rectal cancer patients.
Previously only one similar study was performed assessing
short-term outcomes in RS and HALS groups. Authors in-
cluded 38 patients and found that the procedural duration
was significantly longer in the RS group (390 vs. 225 min;
P <0.001); but a higher proportion of patients in the HALS
group required conversion to open surgery and developed
perioperative morbidities. The authors also found that the cost
of procedure was significantly higher in the RS group [7]. We
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Fig. 2 Disease-free survival of
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found significantly longer operative times in the RS group.
The explanation of that may be the higher number of patients
with lower rectal cancer in the RS group. According to most
studies and indications, these patients were ideal candidates
for robotic approach. This selection bias may also explain the
lower CRM positivity rate in the HALS group. We found
similar 3-year oncological outcomes between the two groups.
Another more recent study on operative timing for robotic
surgery showed varying results [28-30]. In a previous study
from Yonsei University Hospital, we found that the operative
timing was 208 = 54 (110-338) minutes operated by another
surgeon [28]. In a multicentre study from US authors, they
found a mean operative time of 240 min [29]. And recent
meta-analysis showed that RS had a significantly longer op-
erative time compared with the laparoscopic (36 min),
transanal (58 min) and open (60 min) techniques [30].

Our study strength is high number of patients included and
multicentre manner. Another strong point is assessment of
long-term oncological outcomes. These endpoints have never
been previously reported in HALS vs. RS groups.

Our study also has some limitations. First of all, this was
not a case-matched or randomized, blinded prospective con-
trolled study. The patients were not selected according to any
of the specific criteria. This explains the reason why more
patients with upper rectum cancer was in the HALS group,

compared with more patients with middle rectum cancer in the
RS group. Secondly, relatively short follow-up period could
not completely exclude the possibility of worse long-term
oncologic outcomes or surgical complications, such as adhe-
sive ileus or incisional hernia. Thirdly, both HALS and RS
were performed by expert colorectal surgeons; additional data
from the young surgeons in the learning curve would show
more advantages or disadvantages in either of the treatment
modalities. Lastly, postoperative pain scores, narcotic use,
time to normal bowel function, urogenital function and patient
satisfaction were not assessed in our study. Some biases may
also be present because of some differences between the two
countries.

Our study could not demonstrate the expected advantage of
RS over HALS in terms of quality of surgery. Mainly this is
because lower rectal cancer patients were excluded from this
study—this group would have shown the real benefit of ro-
botic surgery.

Conclusions
Robotic surgery and hand-assisted laparoscopic surgery are

both oncologically safe procedures. Although large
multicentre prospective study groups with long-term follow-
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up data are needed, robotic surgery is still limited by long
operative times.
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