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Purpose. Colorectal cancer is the most prevalent malignancy in Taiwan.
Surgical resection is the key to cure this disease and laparoscopic tech-
nique is widely adopted. Recently, robotic surgery has also gained popu-
larity. This study reports our early experience with robotic surgery for rec-
tal cancer.

Methods. Data of consecutive patients who underwent robotic proctec-
tomy between Mar. 2012 and Jan. 2013 were retrospectively reviewed.
Baseline demographic, intra-operative, and post-operative data were col-
lected. Numerical data were reported as mean + standard deviation, or me-
dian (range). Survival curve was analyzed by Kaplan-Meier estimator,
and stratified by tumor stage and neoadjuvant chemo-radiation therapy
status.

Results. Fifty patients with rectal cancer were included. Baseline demo-
graphic data were similar to those of general population with rectal cancer.
Six patients were obese (12%). Twenty-two lower rectal lesions were
treated with total mesorectal excision. Mean operation time was 283 + 61
min for total mesorectal excision and 342 + 69 min for abdominoperineal
resection. No conversion was necessary. Two intra-operative small bowel
injuries (4%) occurred, and five post-operative complications (10%) needed
surgical intervention. The number of retrieved lymph nodes was 15+ 7 in
neoadjuvant chemo-radiation therapy group and 24 + 10 in non-neoad-
juvant chemo-radiation therapy group, and no circumferential resection
margin involvement was detected. The out-of-pocket cost of robotic proc-
tectomy was NT$ 181,500 + 3000. Fiver-year survival was > 90% for
stage 1/2 rectal cancer and 60% for stage 3 cancer.

Conclusions. Application of da Vinci robotic system in rectal cancer sur-
gery yields acceptable short-term and long-term results.

[J Soc Colon Rectal Surgeon (Taiwan) 2019;30:45-55]

Colorectal cancer is the most prevalent malig-
nancy in Taiwan, followed by lung and liver can-
cer. Its annual incidence exceeded 15,000 cases per
year (42.7 per 100,000 person years) since 2012 and
plateaued in the following 3 years. Of these cases, the
incidence of rectal cancer exceeded 5000 cases per
year since 2010, even 6000 cases in 2014, and de-

creased slightly in 2015, when 5,754 cases were regis-
tered.’

With the advance of multi-modality treatment and
the development of precision medicine, the survival
rate of colorectal cancer increased. The relative five-
year survival of patients with colorectal cancer who
were diagnosed between 2011 and 2015 was 63.5%.2
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High-quality surgical resection remained the only
chance of cure for colorectal cancer. Since the world
first publication about laparoscopic colon resection in
1991, it had been widely adopted. Some expert con-
sidered laparoscopic colon surgery the standard treat-
ment modality for uncomplicated, non-locally advanced
colon cancer, while it was still controversial for rectal
cancer.>* Moreover, even some expertise advocated
for this type of surgery in colorectal cancer with adja-
cent organ involvement in selective cases. The CO-
LOR I and COLOR II trials set up the cornerstone of
laparoscopic surgery. The recently published ten-year
follow-up study, which was based on cases from CO-
LOR I trial, showed that oncological results of laparo-
scopic surgery were comparable to those of open sur-
gery in colon cancer.” Moreover, COLOR 1I trial
showed comparable mid-term outcomes, in terms of 3
year survival, between laparoscopic surgery and open
surgery in rectal cancer.’

As an advanced version of laparoscopy, robotic
surgery, specifically da Vinci system (Intuitive Surgi-
cal, Inc., Mountain View, CA, USA), was first ap-
proved by US FDA in 2000. Later on, the da Vinci
system had been upgraded several times to the latest
4th generation, da Vinci Xi. The system, regardless of
generation, provides 3D vision, stable camera plat-
form, and ergonomic EndoWrist® instruments with 7
degrees of freedom and 90 degrees of articulation. It
overcomes the limitations of conventional laparo-
scopic surgery, including the lack of stereovision, the
straight instruments that limit accessibility to and fle-
xibility in deep spaces such as pelvis, and the awk-
ward working position that exhausts surgeons. Soon
after marketing, da Vinci system gained great utiliza-
tion in urological, gynecological, and colorectal prac-
tice.

The famous ROLARR trial demonstrated lower
conversion rate and higher cost of robotic rectal can-
cer surgery, compared to conventional laparoscopic
surgery.® Other aspects, including circumferential re-
section margin (CRM) involvement, complications,
and postoperative bladder and sexual function, were
not different. As a secondary outcome, the long-term
oncological outcome is awaited.

Meta-analyses consistently showed lower conver-

sion rate and longer operation time associated with ro-
botic rectal cancer surgery. The length of hospital stay
and functional outcomes were similar between robotic
and laparoscopic surgery.”® Long-term survival of
colorectal cancer was similar between robotic and lap-
aroscopic surgery.” However, post-operative survival
focusing on rectal cancer was not individually re-
ported and is under extensive study.

A study reported higher rate of complete total me-
sorectal excision (TME), despite similar CRM invol-
vement rate.!” Whether this result could be extrapo-
lated to survival is to be studied.

In our institution, da Vinci Si, the 3rd generation
system, was implemented in Dec. 2011. Thereafter,
we started to perform robotic rectal surgery in a small
number of cases. We previously reported our early ex-
perience in left colic artery-preserving D3 lymph
node (LN) dissection by da Vinci Si system in total
mesorectal excsion.!" The present study enrolled con-
secutive patients since the first-ever case till the last
patient operated within one year and investigated both
the short-term and long-term outcome of robotic sur-
gery for colorectal cancer.

Materials and Methods

Medical records of 50 consecutive patients diag-
nosed with rectal cancer who underwent robotic rectal
surgery performed by a single surgeon in a single in-
stitution between Mar. 2012 and Jan. 2013 were retro-
spectively reviewed. These procedures included TME
and abdominoperineal resection (APR). The choice
between TME and APR depended on the comprehen-
sive pre-operative assessment of patient’s status and
colorectal tumor condition. In general, patients with
tumors involving dentate line, levator ani or external
anal sphincter invasion in pre-operative studies were
offered APR only. If not resisted, patients with clini-
cal resectable T3/T4 or nodal positive diseases were
given neoadjuvant chemoradiation therapy (NCRT)
with standard radiation therapy plus capecitabine (Xe-
loda®, ROCHE) or tegafur/uracil (UFUR®, TTY Bio-
pharm). Some of the patients had already received ei-
ther complete or incomplete neoadjuvant NCRT in
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other hospital before coming to our clinic and the re-
gimen was missing.

All patients were planned to undergo totally ro-
botic surgery with single docking during intra-abdom-
inal phase. The surgical techniques of TME, including
D3 LN dissection, left colic artery preservation, hypo-
gastric nerves preservation, splenic flexure takedown,
and total mesorectal excision, were similar to those
performed in laparoscopic surgery and were described
in detail elsewhere.'? The surgical techniques of APR
during intra-abdominal phase were similar to TME
except that the splenic flexure was not taken down.
The end-colostoma was created first and then perineal
phase of surgery proceeded. In restorative proctec-
tomy, that is, TME, protective ileostomy was rou-
tinely created in patients with neoadjuvant chemo-ra-
diation therapy. The only exception was strong patient
reluctance. Whether to create protective ileostomy in
patients without NCRT was judged intra-operatively
according to the surgeon’s confidence in anastomosis.
If the patients had clinical metastatic disease, addi-
tional procedures, such as metastatectomy or radiofre-
quency ablation (RFA) for liver metastasis, were al-
lowed during the index procedure. In these cases, the
surgery was defined as curative. Otherwise, the sur-
gery was considered palliative. The adjuvant therapy
followed National Comprehensive Cancer Network
(NCCN) guidelines and was reviewed by a multidis-
ciplinary team.

Baseline characteristics included age, sex, body
mass index (BMI), American Society of Anesthesiol-
ogy (ASA) classification, NCRT status, location of tu-
mor, and tumor size.

Intra-operative and post-operative parameters and
long-term oncological results were collected. Intra-
operative parameters included total operation time,
console time, and complications. Furthermore, post-
operative pain scale, time to flatus, urinary catheter
indwelling duration, complications, hospital stay, pa-
tient cost not covered by national health insurance,
pain score, satisfaction score, re-operation, and re-ad-
mission rate as short-term outcome were assessed.
Functional recovery was evaluated by time-to-return
to partial activity, full activity, and work. Post-opera-
tive satisfaction score, time-to-return to partial activ-

ity, full activity, and work were collected by telephone
or questionnaire interview. Additionally, long-term
oncological outcome was analyzed in terms of overall
survival calculated using Kaplan-Meier survival cur-
ves, stratified by cancer stageand NCRT status. Re-
current rate was only calculated for patients who un-
derwent curative surgery. All statistics were performed
using the SPSS® software, Version 25.

Results

There were 37 men and 13 women among the 50
patients that underwent robotic surgery. The mean age
was 60.5 + 13.7 years (range, 34-88 years), with the
eldest patient having 88 years old and the youngest
patient having 34 years old. The majority of patients
were ASA class I-1I (80%), but some patients were
ASA class III. The mean BMI was 24.5 + 4.3 kg/m?
(range, 15.7-36.9 kg/m?). Twelve patients had BMI
above 27 kg/m?. Of them, 6 had BMI above 30 kg/m?
and 1 had BMI above 35 kg/m?. Baseline characteris-
tics were calculated and listed separately, according to
the type of procedures (Table 1).

The surgical procedures included 44 TMEs (88%),
and 6 APRs (12%). All patients who underwent APR
had lesions located near the dentate line, while half of
patients who underwent TME had tumors located < 5
above the anal verge. Regarding lower rectal lesions
(e.g., lower margin of tumor located < 5 cm above the
anal verge), the mean tumor size was 2.5 £ 2.4 cm for
TME patients (22 patients), and 3.3 + 1.5 for APR pa-
tients (6 patients). Five of the 22 lower rectal lesions
with TME sized more than 4 cm and 3 lesions were
even larger than 7 cm. Six patients had additional pro-
cedures. Two patients underwent percutaneous RFA.
One patient underwent percutaneous RFA and robotic
lateral pelvic lymph node dissection. One patient un-
derwent robotic wedge resection of S3 of liver. One
patient underwent inguinal lymph node dissection,
which was not under robot. One patient underwent ro-
botic bilateral salpingo-oophorectomy and hysterec-
tomy. Among the 44 patients that underwent TME,
protective ileostomy was routinely performed in all
patients who received NCRT, except one patient who
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Table 1. Baseline characteristics

Procedure

TME APR

Age, mean + SD (range), years
Sex, n (%)
Male
Female
BMI, mean + SD (range), kg/m’
ASA classification, n (%)
I
I
I
NCRT, n (%)
Yes
No
Location of tumor, cm from anal verge, n (%)
<5
5.1-10
>10

Tumor size (for lesion located < 5 above anal verge), mean = SD (range), cm

61 + 14 (34-88) 62+9(51-74)
33 (75)
11 (25)

24.0 £4.3 (15.7-36.9)

4 (66.7)
2(33.3)
24.6 +3.4(20.5-27.9)

20 (45.5) 0

16 (36.4) 4(66.7)
8 (18.2) 2(33.3)

23 (52.3) 5(83.3)

21 (47.7) 1(16.7)
22 (50) 6 (100)

15 (34.1) 0
7(15.9) 0

2.5+2.4(0-9)° 3.3+1.5(0.5-5)

 Tumor size 0 cm indicates that no tumor was identifiable by gross pathological examination.
TME, total mesorectal excision; APR, abdominoperineal resection; SD, standard deviation; BMI, body mass index; ASA, American
Society of Anesthesiology; NCRT, neoadjuvant chemo-radiation therapy.

was reluctant to have stoma. Four additional stomas
were created for patients not receiving NCRT, de-
pending on intra-operative judgment (Table 1).

The mean total operation time for TME and APR
was 283 £ 61 min and 342 + 69 min, respectively. The
mean console time was similar for TME and APR
(121 £ 33 min and 124 £ 38 min). No conversion to
traditional open surgery was necessary. Two patients
had minor small bowel injuries during the operation
that were repaired immediately in both cases. The dis-
tal safety margin was 3.4 £2.4cmand 2.2+ 1.1 cm for
each procedure (Table 2).

All resected tumors were adenocarcinomas in our
study group. The oncological outcomes were calcu-
lated according to NCRT status. Eight of 28 patients
(28.6%) with NCRT had pathologic complete response
(pCR). The average number of LNs retrieved was 24
+ 10 and 15 £ 7 for each group (without NCRT vs.
with NCRT). Three (13.6%) and 6 (21.4%) patients
had stage 4 disease before surgery. Most of other pa-
tients had pathological stage I or stage III tumors.
Three patients without NCRT had T4 lesions. Deci-
sion of directly going to surgery was based on pre-

sence of impending perforation. All but three pa-
tients with T4 lesion were negative for circumfer-
ential resection margin (CRM) involvement. How-
ever, the distance of CRM to tumor was not available
in all patients and was therefore not reported. In addi-
tion, the completeness of TME was not routinely eval-
uated by pathologist and not reported either (Table 3).

During the follow-up period (median, 57.7 and
59.7 months for each group), 5 of 19 (26.3%) and 7 of
26 (26.9%) patients who underwent curative intent
surgery had recurrence. Two patients in each group
had local recurrence, which accounted for 10.5% and
7.7% of local recurrent rate. The 2-year overall sur-
vival rate of all patient was 89.6%. When the patients
with palliative surgery were excluded, the 2-year over-
all survival rate was 93.1% and 2-year disease-free
survival rate was 79.3% (Table 3).

The mean time to flatus was 3.0 + 1.4 days (me-
dian, 3 days). The mean hospital stay was 16.3 = 6.7
days (median, 11 days). The average post-operative
visual analogue pain scale was 2.5 + 0.5 (0-10, 10
most painful), while the satisfaction score was 8.2 +
0.7 (0-10, 10 most satisfied). The mean time to return
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Table 2. Intra-operative parameters

Procedure
TME APR

Operation time (mean £ SD), min 283 + 61 342 + 69
Console time (mean = SD), min 121 £33 124 + 38
Stoma formation, n (%)

Yes 26 (59.1) 6 (100)

No 18 (40.9) 0
Additional procedures, n (%)

Percutaneous RFA 2 (4.5) 0

Percutaneous RFA plus pelvic lateral lymph node dissection 0 1(16.7)

Inguinal lymph node dissection 0 1(16.7)

Bilateral salpingo-oophorectomy and hysterectomy 1(2.3) 0

Wedge resection of S3 of liver 0 1(16.7)
Conversion, n (%)

Yes 0 0

No 44 (100) 6 (100)
Intra-operative small bowel injury, n (%)

Yes 2 (4.5) 0

No 42 (95.5) 6 (100)
Distal margin (mean £ SD), cm 34+24 22+1.1

TME, total mesorectal excision; APR, abdominoperineal resection; SD, standard deviation; RFA, radiofrequency ablation.

to partial activity, full activity, and work were 2.1, 4.0,
and 5.9 weeks, respectively. The average out-of-pocket
cost at index admission was NTD 181,500 + 3000
(Table 4).

There was no mortality within 30 days after sur-
gery. There were 7 re-admissions (13.5%), including
2 related to wound infection, 2 to ileus, 1 to port-A site
infection, 1 to high-output stoma-related acute kidney
injury, and 1 to anastomosis leak with intra-abdominal
infection.

Complications occurred in 14 (63.6%) and 22
(78.6%) patients. Most of them were Clavien-Dindo
Class I-11. Five patients without NCRT (22.7%), while
no patient with NCRT, had grade III or IV complica-
tions. The presence of superficial surgical site infec-
tion (SSI) were loosely judged as prescribing at least 2
weeks of oral antibiotics after discharge. The site of
superficial SSI, abdomen, perineum, or anus, was not
clearly recorded. Acute urine retention after removal
of urinary catheter remained the most frequent com-
plication. It was treated either by medication or by
prolonged cauterization. Only 1 patient with NCRT
was catheter-dependent 1 year after surgery. Clini-
cally detectable anastomotic leakages occurred in 5

patients without NCRT and in 1 patient with NCRT.
Two of the 5 patients without NCRT with leakage
could be treated conservatively with total parenteral
nutrition and the other three patients needed colo-
stoma creation. The only patient with leakage in the
NCRT group had no stoma creation at first operation
and the leakage resolved after conservative treatment.
One patient had ischemic stroke, probably related to
accidental puncture of carotid artery during central
venous catheter insertion, and was admitted to the in-
tensive care unit. This patient was discharged with
hemiplegia. Furthermore, 1 patient with bowel leak-
age also had ureteral injury, revealed by the presence
of urine in drainage fluid in ward, and was treated by
double-J catheter insertion at the time of colostoma
creation. One patient had rectovaginal fistula, which
was diagnosed after discharge, and was treated by
colostoma creation. Successful repair of fistula was
performed 3 months later. Of patients who underwent
TME, 3 patients without NCRT and 3 patients with
NCRT depended on stoma at 1 year after surgery. The
causes were persistent leakage, rectovaginal fistula,
and local recurrence in patients without NCRT. The
causes in patients with NCRT were stool incontinence
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Table 3. Oncological outcomes

Table 4. Post-operative data

Without  With

NCRT NCRT

pCR, n (%)

Yes NA 8 (28.6)

No 20 (71.4)
CRM involvement, n (%)

Yes 3 (13.6)¢ 0

No 19 (86.4) 28 (100)
Lymph node retrieval number, mean+ SD 24+ 10 15+7
TNM stage, n (%)

0 1(4.5) 0

1 9(40.9) 6(21.4)

2 145  3(10.7)

3 8(36.4) 5(17.9)

4 3(13.6) 6(21.4)
Not classified (pCR)* NA 8 (28.6)
T, oryT

is 1 (4.5) 0

0 0 8 (28.6)

1 4(18.2) 0

2 7(31.8) 725

3 7 (31.8) 13 (46.4)

4 3(13.6) 0
N, or yN

0 11(50) 19 (67.9)

1 8(36.4) 6(21.4)

2 3(13.6) 3(10.7)
M®

0 19 (86.4) 22 (78.6)

1 3(13.6) 6(21.4)
Any recurrence, n (%)°

Yes 5(26.3) 7(26.9)

No 14 (73.7) 19(73.1)
Local recurrence, n (%)°

Yes 2(10.5) 2(7.7)

No 17 (89.5) 24 (92.3)
Distant recurrence, n (%)°

Yes 4(21.1) 6(23.1)

No 15 (78.9) 20(76.9)

Median follow-up, months 57.7 59.7

2-year overall survival (all) 89.6%

2-year overall survival (curative) 93.1%

2-year disease-free survival 79.3%

? Staging of pCR was not classified since AJCC cancer staging
guidelines only indicated pCR to be similar to stage 0 or 1. ° M
stage was determined clinically by image report or pathologically
if metastatic lesion was resected. ° Only patients that underwent
curative procedures, including metastatectomy or radiofrequency
ablation, were included to calculate recurrent rate.  All 3 patients
with affected CRM had T4 lesions.

pCR, pathologic complete response; NCRT, neoadjuvant
chemo-radiation therapy; CRM, circumferential resection
margin; SD, standard deviation; TNM, tumor-node-metastasis;
NA, not applicable.

All patients

Time to flatus (median), days 3
Hospital stay (median), days 11
ICU stay (median), days 0
Pain score (1-10) 2.5
Satisfaction (1-10) 8.2
Re-admission, n (%) 7 (14%)
Return to partial activities (mean), weeks 2.1
Return to full daily activities (mean), weeks 4
Return to work (mean), weeks 5.9
Cost (mean), NTD 181,500

ICU, intense care unit; NTD: new Taiwan dollars.

in 1 patient with intolerable LAR syndrome, receiving
maintenance chemotherapy for stage IV disease in 1
patient, and treatment for lung cancer in 1 patient (Ta-
ble 5).

Kaplan-Meier survival analysis showed 100% 5-
year overall survival for patients with stage 1/2 tu-
mors without NCRT and for stage 2 tumors with NCRT.
Two patients with stage 1 tumors and NCRT passed
away due to liver metastasis and second malignancy
(lung cancer). Concerning stage 3 patients, the 5-year
overall survival were both 60% regardless of NCRT
(Fig. 1). Among patients with NCRT, 1 died of liver
metastasis and 1 died of urosepsis, secondary to local
recurrence and urinary obstruction. Among patients
without NCRT, 1 died of liver metastasis, 1 died of lung
metastasis, and 1 died of peritoneal carcinomatosis.

Discussion

In our series, baseline patient characteristics re-
vealed a slight selection bias. The average age was a
little bit younger than nation-wide database (our se-
ries: 62 years old; Taiwan Cancer Registry: 64 years
old). Furthermore, male sex was more dominant (our
series: 74% male; Taiwan Cancer Registry: 62%).
However, the wide range of age, BMI, and ASA class
showed that these characteristics were not limiting
factors to the use of robotic system. Moreover, more
than half of our cases had tumor located within 5 cm
above the anal verge. These are the most challenging
cases in daily practice.
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Table 5. Complications

Without NCRT With NCRT
n (%) n (%)
Mortality 0 0
Short term, major®
Any complications 5(22.7) 0
Bowel leakage 3 (13.6) 0
Delayed ureter injury 1(4.5) 0
Stroke 1(4.5) 0
Rectovaginal fistula 1(4.5) 0
Short term, minor*
Any complications 9 (40.9) 22 (78.6)
Superficial SSI 3 (13.6) 16 (57.1)
Bowel leakage 2(9.1) 1(3.6)
Post-op ileus 1(4.5) 4(14.3)
Urine retention 4(18.2) 10 (35.7)
AKI 1(4.5) 0
Pneumonia 1(4.5) 0
UTI 0 1(3.6)
Fever 1(4.5) 0
Anemia 1(4.5) 0
Longtermb
Foley-dependent at 1 year 0 1(3.8)
Stoma present at 1 year APR (1/1) APR (4/4)

TME (3/18, 16.7%)

TME (4/21, 19.0%)

* Major complication was defined as Grade III/IV, according to Clavien-Dindo classification, and minor complication was defined as

Grade I/11. ° Nineteen and 25 patients in each group who survived or were followed-up more than 1 year were considered for

calculation.

NCRT, neoadjuvant chemo-radiation therapy; SSI, surgical site infection; AKI, acute kidney injury; UTI, urinary tract infection;

APR, abdominoperineal resection; TME, total mesorectal excision.

ROLARR trial highlighted a lower conversion
rate by robotic surgery compared to conventional la-
paroscopic surgery. However, it still reported 8.1%
of conversion when operating robotic proctectomy.
Multilevel logistic regression model showed that male
sex, obesity defined as BMI > 30 kg/m?, and intention
to perform lower anterior resection were risks of con-
version, while NCRT was not. However, all of our 50
cases were operated successfully with robotic system
without conversion to open surgery. Thanks to the er-
gonomic EndoWrist® instruments, TME was success-
fully carried out even in patients with lesions larger
than 7 cm and located within 5 cm above the anal
verge. Moreover, all 6 obese patients with BMI > 30
were successfully operated.

A meta-analysis revealed a longer operation time
(average, 57 min) by robotic surgery than by laparos-

copy.'® However, the operation time in our series was
similar to that of our historic studies on laparoscopic
colorectal surgery!'?!* (Table 6). We believe that an
experienced surgeon and a cooperative, well-trained
operation room team can lower the need of longer
operation time.

Intra-operative complications included two minor
small bowel injuries (4%). Major post-operative com-
plications, defined as Clavien-Dindo grade II/IV, oc-
curred in 5 of 50 cases (10%). Four of them were tech-
nique-dependent, including 2 anastomotic leakages, 1
ureteral injury, and 1 rectovaginal fistula. The latter
two complications and small bowel injuries were pro-
bably the direct result from utilizing robotic surgery
and could be avoided. The ureteral injury occurred in
the case with bilateral salpingo-oophorectomy and
hysterectomy. Overall, the complication rate was com-
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Fig. 1. Kaplan-Meier survival curves.

parable to ROLARR trial (intra-operative: 15.3%;
within 30 days: 33.1%). The case number was too
small to analyze the factors of robot-related complica-
tions. However, it’s still worthy to address our lessons
learned from these cases. Organ injuries could result
from unexpected grasping and retracting force by ro-

botic instruments. Besides, the 3™ arm for stable re-
traction might cause unnoticed injury when the cam-
era turned and the 3™ arm became invisible, especially
when there was external collision. Third, the discor-
dant movements of robotic arms and patient side as-
sistant could produce great force on tissue, causing in-
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Table 6. Comparison of obtained results to those of historic series

This study (total mesorectal excision)

Historic laparoscopic series

Distal rectal cancer'®  Rectosigmoid colon cancer'?

Patient number 44
Age (mean * SD), years 61 +14
Sex (M/F) 33/11
BMI (mean + SD), kg/m’ 24.0+43
Tumor location

<5cm 50%

5.1-10 cm 34.1%

>10cm 15.9%
LN retrieval (mean = SD) 19+ 10
Distal margin (mean £ SD), cm 34+24
Operation time (mean + SD), min 283 £ 61

98 98
NA 62.5+4.5
50/48 98/0
NA 259+4.0
distal rectum 13.8+2.1cm
16.4+£4.0 274142
2.4 (range, 1.2-5.6) NA
284 +44.8 2944 +34.8

NA, not available.

juries. To avoid technique-related morbidities, we rec-
ommend all beginners to beware of the above situa-
tions, do slowly, and check for possible injuries care-
fully before finishing the surgery.

The functional recovery of bowel function, re-
flected by flatus, and urinary function, reflected by
urinary catheter indwelling time, was obtained in 3
days and 6 days, respectively. These results are simi-
lar to those of laparoscopic proctectomy in our his-
toric series. Most patients could resume full activity
and return to work in 4 and 6 weeks respectively. Post-
operative pain scale was constantly low and patient
satisfaction was high.

Complete, en bloc, resection with adequate LN
node retrieval was related to long-term survival. The
NCCN guidelines recommend minimal LN retrieval
more than 12 for accurate staging and consider it a
quality assessment of surgery. However, NCRT de-
creases the LN number and makes LN retrieval > 12 a
tough goal. Some recommended 8 or more LN exami-
nation in rectal cancer after NCRT."® Furthermore, it
was reported that D3 LN dissection for rectal cancer
avoids 5.1% of under staging.'? We routinely per-
formed D3 LN dissection and retrieved average 15-24
LNs in our series. It resulted in only one of 50 cases
with permanent urinary dysfunction. This patient had
NCRT, which might contribute to occult intra-opera-
tive hypogastric nerve injury. We did not report the
completeness of TME, since it is not a routine patho-
logical examination in our institution. However, no

CRM involvement was detected in any patient, except
for three T4 cases. This can be considered a surrogate
marker for high-quality surgical resection. Therefore,
the feasibility of robotic surgery was confirmed.

The overall survival for stage 2 and pCR patients
receiving NCRT was near 100% in 5 years. Among
stage 1 patients, the two fatality cases were not related
to technical failure; one had liver metastasis and the
other was died of second cancer. In case of stage 3
cases, 1 fatality in each group (1 obstructive urosepsis
in NCRT and 1 peritoneal carcinomatosis in non-
NCRT group) was probably related to technical fail-
ure, although surgical margin was free. A total of 4 pa-
tients had local recurrence in our series. It accounted
for 8% local recurrence rate. A population-base study
reported 5% local recurrence including 4% within 1
year.'® Generally, local recurrence rate in our series is
not different from those reported by other studies.

The study has several limitations. First, it is a ret-
rospective, non-comparative study. It is also a series
of a single surgeon in a single institution. Patients
were the earliest cases operated by the surgeon using
the robotic system. This means the outcome measures
probably reflect learning curve, rather than the final
result. Preoperative treatment was liberally used and
was influenced by patient preference. It was reflected
by high nodal positive rate in non-NCRT group. If the
treatment is not strictly adhered to the current guide-
lines, the oncological outcomes may not be the best.
Finally, the effect of functional preservation, say uri-
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nary and sexual functions, was not evaluated using in-
ternational scoring system, such as IPSS, IIEF, and
SFQ, which were better collected prospectively and
were not available.

In conclusion, application of da Vinci robotic sys-
tem in rectal cancer had similar short-term results,
such as operation time, complication rate, and re-
covery time, to those of laparoscopic surgery; more-
over, the long-term survival was acceptable. Bulky
lower rectal tumors were safely resected with safety
margin, and the local recurrent rate was low. Further
head-to-head comparative studies are needed to eva-
luate functional preservation that can be achieved by
using da Vinci robotic system in colorectal cancer sur-

gery.

Sources of Financial Support

There are no financial conflicts of interest to dis-
close.

References

1. Taiwan Cancer Registry. http://tcr.cph.ntu.edu.tw/main.php?
Page=Al. Accessed 8/14, 2018.

2. Taiwan Cancer Registry - Survival Analysis. http://tcr.cph.
ntu.edu.tw/main.php?Page=AS5B3. Accessed 8/20, 2018.

3. Lee SW. Laparoscopic procedures for colon and rectal cancer
surgery. Clin Colon Rectal Surg 2009;22(4):218-24.

4. Luglio G, De Palma GD, Tarquini R, et al. Laparoscopic
colorectal surgery in learning curve: role of implementation
of a standardized technique and recovery protocol. A cohort
study. Ann Med Surg (Lond) 2015;4(2):89-94.

5. Bonjer HJ, Deijen CL, Abis GA, et al. A randomized trial of
laparoscopic versus open surgery for rectal cancer. N Engl J
Med 2015;372(14):1324-32.

6. Jayne D, Pigazzi A, Marshall H, et al. Effect of robotic-
assisted vs conventional laparoscopic surgery on risk of con-

10.

11.

12.

13.

14.

15.

16.

version to open laparotomy among patients undergoing re-
section for rectal cancer: The ROLARR Randomized Clinical
Trial. JAMA 2017;318(16):1569-80.

Li X, Wang T, Yao L, et al. The safety and effectiveness of
robot-assisted versus laparoscopic TME in patients with rec-
tal cancer: a meta-analysis and systematic review. Medicine
(Baltimore) 2017;96(29):e7585.

Prete FP, Pezzolla A, Prete F, et al. Robotic versus laparo-
scopic minimally invasive surgery for rectal cancer: a sys-
tematic review and meta-analysis of Randomized Controlled
Trials. Ann Surg 2018;267(6):1034-46.

Wilder FG, Burnett A, Oliver J, Demyen MF, Chokshi RJ. A
review of the long-term oncologic outcomes of robotic sur-
gery versus laparoscopic surgery for colorectal cancer. Indian
J Surg 2016;78(3):214-9.

Aselmann H, Kersebaum JN, Bernsmeier A, et al. Robotic-
assisted total mesorectal excision (TME) for rectal cancer re-
sults in a significantly higher quality of TME specimen com-
pared to the laparoscopic approach-report of a single-center
experience. Int J Colorectal Dis 2018.

Liang JT, Lai HS. Surgical technique of robotic D3 lymph
node dissection around the inferior mesenteric artery with
preservation of the left colic artery and autonomic nerves for
the treatment of distal rectal cancer. Surg Endosc 2014;28(5):
1727-33.

Liang JT, Huang KC, Lai HS, Lee PH, Sun CT. Oncologic re-
sults of laparoscopic D3 lymphadenectomy for male sigmoid
and upper rectal cancer with clinically positive lymph nodes.
Ann Surg Oncol 2007;14(7):1980-90.

Yang Y, Wang F, Zhang P, et al. Robot-assisted versus con-
ventional laparoscopic surgery for colorectal disease, focus-
ing on rectal cancer: a meta-analysis. Ann Surg Oncol 2012;
19(12):3727-36.

Liang JT, Lai HS, Lee PH. Laparoscopic pelvic autonomic
nerve-preserving surgery for patients with lower rectal cancer
after chemoradiation therapy. Ann Surg Oncol 2007;14(4):
1285-7.

Hall MD, Schultheiss TE, Smith DD, et al. Impact of total
lymph node count on staging and survival after neoadjuvant
chemoradiation therapy for rectal cancer. Ann Surg Oncol
2015;22 Suppl 3:S580-7.

Westberg K, Palmer G, Johansson H, Holm T, Martling A.
Time to local recurrence as a prognostic factor in patients
with rectal cancer. Eur J Surg Oncol 2015;41(5):659-66.



Jiiiyaar e J Soc Colon Rectal Surgeon (Taiwan) 2019;30:45-55

[

BRFERGERREFir - 58200
< R

farEm b BREE OB wmRE S MR REE’

PR SRR
BT BRI SRR

HE KRG EEEZEGERETRESERER - TtREnE 2 - [BrEsi
MTEMETZ BEA - T Es T8 it H a3 ) - Abtsei s A bt as T8 Tt A
R E G R R IR -

Sk BAMEEGSSEER 2012 F=HE 2013 F—H - #ZEEFEEBURZ
BEER s RN i B BB - BEEHDFREZE + 12

L& 53 - LA Kaplan Meier fHE 37

Rk WFFEA AT 50 AR - EEAR AR B 2 F EH G B E AT - B 6 i
MRS (12%) - 22 (AL E R 2 AN R 1 2 BRI YRR - P T
EHIGEBIRYIERE 283 £ 61 738 - A& RESYIERE 342 £ 69 738 - 1R THZ IR
] > 5 2 Pl (4%) &4/ INEEE - 5590 5 B (10%) 34T EFriass 2l
ROFFRIE - MEFRTREREE - AR 2R i ar FE S LBORE Ry 15 £ 7 R ZE i
RIEBNE LR E & 24 + 10 - EOFERRUIPRER ZEIL - e TEEESER
Fia 't 181,500 £ 3000 JT © 55 1/2 HHjE . TR SR > 90% - M4 3 HARIR 60% -

wam o PG tEs TE T IERE EIGRE TlT » HEIR R IS R rT 2y -

BRSEE R TE T 2EIBRIRYIR - farEh ES LR -



