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Abstract

Background This study aimed to compare perioperative, long-term oncological, and anorectal functional outcomes of robotic
total mesorectal excision (R-TME) and laparoscopic total mesorectal excision (L-TME) sphincter-saving total mesorectal
excision in female patients with rectal cancer.

Methods Retrospective analysis of prospectively maintained database was performed. Sixty-eight cases (L-TME, n=34;
R-TME, n=34) were performed by a single surgeon (January 2014-January 2019). Patient characteristics, perioperative
recovery, postoperative complications, pathology results, and oncological outcomes were compared between the two groups.
Results Clinical characteristics did not differ between the groups. Mean operating time was longer in R-TME (165.50 +£95.50
vs. 124.50+ 82.60 min, p <0.001). There was no conversion to open surgery in both groups. Mesorectal integrity was com-
plete in both groups (100%). Length of distal and circumferential resection margins (CRM) did not differ between groups.
CRM involvement was observed in 1 (2.8%) and 1 (2.8%) in L-TME and R-TME patients, respectively. Incidence of anas-
tomotic leakage was 5.8% (n=2) in L-TME and 8.8% (n=3) in R-TME, respectively. Mean length of follow-up was 62.5
(36-102) months for R-TME and 63 (36—103) months for L-TME. Five-year overall survival rates were 92.8% in L-TME
and 89.6% in R-TME. Disease-free survival rates were 87.5% in L-TME and 89.6% in R-TME. Local recurrence rates were
3.0% for both groups. Mean Wexner score for L-TME and R-TME patients was: 9.42 +8.23 and 9.22 +3.64 (p=0.685),
respectively. Daily stool frequency was similar between groups.

Conclusion Robotic total mesorectal excision (R-TME) and laparoscopic TME (L-TME) have similar perioperative, oncologi-
cal, and anorectal functional results in female patients with rectal cancer. The robotic approach for rectal cancers in female
patients could be not as critical as for male patients.
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been rapidly adopted in the last decade since large rand-
omized controlled trials (RCTs) have showed faster post-
operative recovery with acceptable long-term oncological
outcomes, in terms of local recurrence rates and overall sur-
vival, with laparoscopic surgery [1-5]. Additionally, lapa-
roscopic approach was reported advantageous compared to
open regarding to the preservation of sexual function [6].
Laparoscopic approach is technically challenging for
the successful treatment of low rectal cancers especially
in male or overweight patients, after neoadjuvant chemo-
radiotherapy, and in case of bulky tumors because of the
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narrow space, complex anatomy, and restricted visual
field of the pelvic cavity. Straight laparoscopic instru-
ments are not optimized to treat such patients and for
this reason robotic platforms were specifically developed
to overturn these limitations through improved dexterity,
lack of tremor, and introduction of surgeon-controlled
3-D cameras, improvements ideal for complex excisions
in restricted spaces (i.e., pelvic cavity) [8]. Robotic total
mesorectal excision (R-TME) show comparable short and
long-term outcomes with laparoscopic TME (L-TME) [7,
8]. Considering the specific advantage in pelvic surgery,
robotic platforms could benefit the patient in the mean-
ing of improved oncological and functional outcomes in
expert hands [9-11]. However, R-TME is more expensive
than L-TME and requires a surgical platform which is
not rapidly available to every colorectal team [12-14].
Therefore, the adoption of the robotic platform should
be tailored in a resource-limited center. Our team previ-
ously demonstrated the superiority of R-TME to L-TME
in male patients with rectal cancer regarding mesorectal
specimen quality and local recurrences [15]. In a recent
study, similar perioperative and long-term outcomes
were observed for both robotic and laparoscopic TME
procedures in male and female patients with rectal can-
cer, respectively [16]. However, no study has specifically
evaluated female patients with rectal cancers for which
surgeons could obtain less advantages from the robotic
platform since the more ideal pelvic anatomy.

This study aims to evaluate any differences in periop-
erative, oncological, and anorectal functional outcomes
in female patients with rectal cancers treated with either
R-TME or L-TME.

Fig. 1 Patients selection flow
chart. APR abdominoperineal
resection, L-TME laparoscopic
total mesorectal excision,
R-TME robotic total mesorectal
excision, TAMIS transanal mini-
mally invasive surgery, TME
total mesorectal excision

Materials and methods
Study population

This retrospective study evaluated a consecutive series of
female patients with rectal cancer undergoing L-TME and
R-TME performed in parallel between January 2014 and Jan-
uary 2019. Data were extracted from a prospectively main-
tained colorectal database. Informed consent was obtained.

Primary aim was to report short perioperative and long-
term oncological and anorectal functional outcomes of
L-TME and R-TME surgeries in female patients with rectal
cancer.

Inclusion criteria (Fig. 1): (1) female sex; (2) rectal ade-
nocarcinoma (within 15 cm from anal verge); (3) cT1-4;
(4) N any; (5) no evidence of synchronous tumors and dis-
tant metastases; (6) elective surgery; (7) minimally invasive
approach; 8) sphincter-saving TME: low anterior (LAR) and
intersphincteric resection (ISR).

Exclusion criteria: (1) Stage I'V; (2) abdominoperineal
resection; (3) TAMIS (transanal minimally invasive sur-
gery); (4) open approach; (5) palliative surgery.

AV was defined as the junction between perineal skin and
anal mucosa. Distance between caudal edge of the tumor
and AV was assessed via digital rectal examination, flex-
ible sigmoidoscopy, and rectal magnetic resonance imaging
(MRI) [10].

Preoperative protocol

Preoperative staging included chest X-ray, carcinoembryonic
antigen (CEA) levels, total colonic examination with flex-
ible or virtual colonoscopy, thoraco-abdominal computed
tomography (CT), pelvic-phased array MRI, and/or endo-
rectal ultrasound.

January 2014-January 2019
Rectal cancersurgeries
n=366

APR,n=19
TAMIS, n=12
Open approach,n=7
StageIV,n =2

Minimally invasive TME

n=328

L-TME R-TME
n=140 n=106
Male L-TME MaleR-TME
n=106 n=72
Female L-TME Female R-TME
n=34 n=34
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Patients with clinical stage II and III were submitted
to neoadjuvant long-course chemoradiotherapy (50.4 Gy
pelvic irradiation and oral capecitabine), or short-course
radiotherapy (25 Gy pelvic irradiation). Short-course radio-
therapy was preferred in patients without any risk of lateral
margin positivity. Waiting period was 4-8 weeks for long-
course chemoradiotherapy and 1-4 weeks for short-course
radiotherapy.

All patients underwent oral mechanical bowel preparation
without oral antibiotics. A single dose of intravenous cip-
rofloxacin (400 mg) was given 1 h before surgical incision.

Surgical technique

All surgeries (L-TME and R-TME) were performed by a
single surgeon (O.A.), with more than 20 years of experi-
ence in advanced minimally invasive colorectal surgery at
two different centers (Liv Hospital and Maslak Acibadem
Hospital, Istanbul, Turkey). Surgical approach was discussed
and decided according to surgeon’s indication, patient’s
choice, and surgical cost. All patients received extensive
explanations of the advantages and disadvantages of both
approaches.

Both laparoscopic and robotic approach to LAR and ISR
techniques were described in our previous studies [17, 18].

ISR was performed through the correct identification of
the intersphincteric plane [19] and following the principles
described by Piozzi et al. [20-22].

R-TME performed with the Da Vinci Si® or Xi® (Intui-
tive Surgical, Inc., Sunnyvale, CA, USA) platform were 23
and 11, respectively.

Perfusion of the colonic stump wall was checked before
anastomosis using indocyanine green (ICG) in 5 cases in
L-TME and 12 cases in R-TME group. For R-TME, the Fire-
fly™ (Fluorescence Imaging Scope; Intuitive Surgical, Inc.,
Sunnyvale, CA, USA) integrated mode was used.

Conversion was defined as any unplanned laparotomy at
any time during surgery, regardless of incision length.

Pathological report

Pathological staging was modified according to American
Joint Committee on Cancer (AJCC) 8th edition staging sys-
tem during data review [23]. All pathology specimens were
examined to determine tumor size, number of lymph nodes
harvested, distal resection margin (DRM), circumferential
resection margin (CRM), and mesorectum integrity. Qual-
ity of mesorectum was assessed according to Quirke et al.
[24]. Positive CRM was defined as direct tumor extension
within 1 mm of the radial, non-peritonealized surface of the
resected specimen [25].

Postoperative outcomes and follow-up

Postoperative complications, defined as adverse events occur-
ring within 30 days from surgery, were assessed through Cla-
vien-Dindo’s classification [26]. Anastomotic leak diagnosis
and treatment followed the International Study Group of Rec-
tal Cancer [27]. Adjuvant chemotherapy (5-FU, capecitabine,
and oxaliplatin) was given to patients with pathological stage
IIT cancers.

Follow-up included control of oncological markers (CEA,
carbohydrate antigen 19-9) every 3 months, evaluation with
thoraco-abdominal CT annually, and colonoscopy on the first,
third, fifth, and tenth year from surgery.

Overall survival (OS) was measured from date of surgery
to that of death/last follow-up, disease-free survival (DFS) to
that of tumor recurrence. Recurrence was diagnosed through
radiological detection of enlarging lesions or by histological
confirmation.

This study followed the STROBE statement for cohort stud-
ies [28].

Anorectal functional outcomes

Functional outcomes were evaluated only for patients under-
going ISR, for research purpose. Patients undergoing ISR,
without recurrence and after a follow-up of 12 months after
ileostomy closure were evaluated through an institutional
questionnaire. This questionnaire evaluated: feces and flatus
discrimination sensation, urgency, fragmentation (two evacu-
ations within 1 h), daily stool frequency, and soiling during
day and night. Continence was assessed through Wexner’s
score [20] and Kirwan’s classification [21], where O repre-
sents perfect continence and 20 indicates major incontinence.
Functional outcomes were considered “poor” for Wexner
scores > 16 and “good” for scores < 10.

Statistical analysis

Patient characteristics were summarized using basic descrip-
tive statistics. Continuous variables were presented as
mean + standard deviation and compared using the two inde-
pendent sample 7 test. Categorical variables were expressed
as proportions and analyzed using Chi-squared or Fisher’s
exact test. Statistical analysis was performed using STATA
software package version 9.0 (StataCorp, College Station, TX,
USA). Survival and recurrence rates were estimated through
Kaplan—Meier model and compared by log-rank test. p val-
ues < 0.05 were considered statistically significant.
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Results
Clinical outcomes

A total of 68 consecutive female cases of minimally inva-
sive TME were enrolled: L-TME (n=34) and R-TME
(n=34) (Fig. 1). Patients’ clinico-demographic charac-
teristics are listed in Table 1.

The groups were comparable in demographics, body
mass index (BMI), American Association of Anesthesi-
ologists (ASA) score, tumor location, clinical TNM stage,
clinical CRM status, and neoadjuvant treatment. Periop-
erative outcomes are summarized in Table 2. LAR and
ISR procedures were performed in both groups with no
statistical difference (p =0.466). There was no conversion
to open surgery in both groups. Protective ileostomy rate
was significantly lower in the L-TME group (76 vs 91%,
p <0.001) because of the lower rate of neoadjuvant chem-
oradiotherapy. Median operation time was significantly
longer in R-TME (165.5 vs 124.5 min, p <0.001). There
was no difference regarding to blood loss, days to first fla-
tus, or hospital stay. There was no operative, in-hospital,
or 30-day mortality.

Table 1 Patients’ demographics and clinical features

L-TME RTIME »p
Age, years 57.0+8.6 58.0+6.2 0.210
BMF, kg/m? 25.0+22 26.0+2.8 0.426
ASA, n (%) 0.632

I 24 (70.6) 20 (58.8)

I-111 10 (29.4) 14 (41.2)
Distance from AV?, cm 75424 6.7+2.6 0.155
Previous abdominal surgery, n (%) 11 (32.4) 13(38.2) 0.126
Clinical TNM stages, n (%) 0.273

I 7(0.6) 4(11.8)

I 9(26.5) 10(29.4)

I 18 (52.9) 21(61.8)
Clinical CRM status, 1 (%) 0.367

Clear 31 (91.2) 29(85.3)

Involved 3(8.8) 5014.7)

Tumor location, n (%) 0.970

High 8(23.5) 7(20.6)

Mid 8(23.5) 5(14.7)

Low 18 (53.0) 22 (64.7)
Neoadjuvant chemoradiotherapy, n 23 (67.6) 30(88.2) 0.435

(%)

ASA American Society of Anesthesiologists, AV anal verge, BMI
body mass index, CRM circumferential resection margin, L-TME lap-
aroscopic total mesorectal excision, R-TME robotic total mesorectal
excision

*Values are reported as mean +SD
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Histopathological outcomes

Histopathological findings are listed in Table 2. Mean
number of retrieved lymph nodes were similar between
groups. Mean DRM length, CRM length, and CRM
involvement were similar between groups. L-TME group
had more advanced stage rectal cancers but no significant
difference was reported (p =0.084). All TME specimens
were graded complete. Other histopathological outcomes,
including tumor size, grade of tumor differentiation, and
pathological T and N stage, were not significantly different
between the two groups.

Postoperative complications

The overall complication rate was 17.6% (n=6) for the
L-TME group and 20.5% (n="7) for the R-TME group
(Table 2). No difference was reported regarding Cla-
vien—-Dindo’s complication grade. Incidence of anas-
tomotic leakage was 5.8% (n=2) in L-TME and 8.8%
(n=3) in R-TME, respectively (p =0.173). All patients
with leakage were treated conservatively by maintaining
pelvic drainage, until the existing infection was resolved
clinically, and postponing the ileostomy closure time.
Rectovaginal fistula developed in one patient from both
groups, which underwent Martius labial flap interposition
for a fistula repair.

Oncological outcomes

Mean follow-up for L-TME and R-TME was 62.5 (range
36-102) months and 63 (range 36—103) months, respec-
tively. The 5-year OS rate for L-TME and R-TME was
92.8% and 89.6%, respectively (p=0.235, Fig. 2a). The
5-year DFS rate was 87.5% for L-TME and 89.6% for
R-TME (p =0.347, Fig. 2b). Local recurrence occurred
in 1 (3%) patient in L-TME and 1 (3%) patient in R-TME
group. Both patients underwent abdominoperineal resec-
tion. In L-TME and R-TME groups, distant metastasis
developed in 4 (12%) and 3 (9%) patients (p =0.130),
respectively. Six of them died during the follow-up period.

Anorectal functional outcomes

Anorectal functional outcomes are reported in Table 3.
Between surviving patients without a permanent colos-
tomy, a total of 31 (45.6%) patients (L-TME n =14,
R-TME n=17) from low-located tumor were available
for the functional outcome questionnaire. Mean Wexner
score for L-TME and R-TME patients was: 9.42 +8.23 and
9.22+3.64 (p =0.685), respectively. Daily stool frequency
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Sutcomes, postoperaive LTME RTME r
complications, and LAR, n (%) 20 (58.8) 17 (50.0) 0.466
histopathologic outcomes ISR, 1 (%) 14 (412) 17 (50.0)
Protective ileostomy, n (%) 26 (76) 31 (91) <0.001
Conversion to open surgery, 1 (%) 0 0
Operative time?, min 124.50 +82.60 165.50+95.50 <0.001
Blood loss?, ml 105.0+210.5 90.0+160.5 0.096
Days to 1st flatus? 1(0-11) 2 (1-5) 0.410
Clavien—-Dindo complication, n (%) 0.262
-1 4(11.8) 5(14.7)
1 2(5.9) 2(5.9)
Anastomotic leak, n (%) 2(5.8) 3(8.8) 0.173
Rectovaginal fistula, n (%) 1(3) 1(3)
Ileus, n (%) 1(3) 1(3)
Urinary retention, n (%) 1(3) 1(3)
Wound infection, n (%) 1(3) 1(3)
Overall complication, n (%) 6(17.6) 7 (20.5) 0.519
Hospital stay®, days 62+34 5.6+2.8 0.224
Harvested lymph nodes?, n 23.4+5.2 24.7+7.8 0.813
Distal resection margin®, mm 13.2+0.6 14.1+0.7 0.216
Circumferential resection margin®, mm 10.5+0.8 11.3+0.5 0.175
CRM involvement, n (%) 1(2.9) 1(2.9) 0.270
Tumor diameter®, mm 25 (0-70) 30 (9-85) 0.350
Pathologic AJCC TNM stage, n (%) 0.084
0 2(5.8) 8 (23.5)
| 9(26.4) 8 (23.5)
1I 10 (29.5) 8 (23.5)
1 13 (38.2) 10 (29.5)
Macroscopic quality of TME specimen, n (%) 0.100
Incomplete 0 0
Complete 34 (100) 34 (100)
Tumor grade, n (%) 0.846
Well 3(8.8) 4 (11.7)
Moderate 28 (82.3) 28 (82.3)
Poor 1(2.9) 2(5.8)
Perineural invasion, n (%) 12 (35) 8 (23.5) 0.106
Lymphatic invasion, n (%) 13 (38.2) 11 (32.3) 0.907

AJCC American Joint Committee on Cancer, CRM circumferential resection margin, L-TME laparoscopic
total mesorectal excision, R-TME robotic total mesorectal excision

#Values are reported as mean +SD

was similar between groups. One patient from the robotic
group underwent permanent colostomy due to total fecal

incontinence.

Discussion

To authors’ knowledge, this is the first study specifically
showing that L-TME provides comparable perioperative,
oncological, and anorectal functional results to R-TME in
female patients with rectal cancers.
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Fig.2 a Overall survival curve in patients treated with L-TME (5-year OS: 92.8%) and R-TME (5-year OS: 89.6%), log-rank test p-value: 0.235;
b Disease-free survival curve in patients treated with L-TME (5-year OS: 87.5%) and R-TME (5-year OS: 89.6%), log-rank test p value: 0.347

Table 3 Functional outcomes (n=31)

L-TME (n=14) R-TME (n=17) p value

Kirwan classification, n (%) 0.348
I 5@35.7) 6 (35.3)
1T 4 (28.6) 5(29.4)
I 2 (14.3) 3(17.6)
v 2 (14.3) 2 (11.8)
A% 1(7.1) 1(5.9)

Wexner Incontinence 9.42+8.23 9.22+3.64 0.685
Score?

Stool frequency per day® 4.24+3.36 3.96+3.25 0.162

L-TME laparoscopic total mesorectal excision, R-TME robotic total
mesorectal excision

#Values are reported as mean + SD

In a resource-limited surgical facility, it is worth to
strategically deploy surgical resources according to the
outcomes. Sex differences in pelvic anatomy is a critical
crossroad for surgical approach indication especially for
rectal cancer. Therefore, perioperative, oncological, and
anorectal functional results need to be discussed.

This study showed longer operation time in R-TME
which is often reported in literature for both sexes [8-10,
12]. Longer operating time is associated to reduced surgi-
cal daily cases and indirectly to higher costs. This has to be
taken into account during surgical planning and justified
by better outcomes through the robotic approach.

No conversion was reported in both groups even if the
L-TME group had more advanced stage rectal cancers but
with no statistical difference (p =0.084). ROLARR trial
demonstrated no significant difference between robotic and
laparoscopic TME in conversion rates [29, 30]. However,
we recently reported differences in conversion rates between
R-TME and L-TME (0 vs. 3.5%, p <0.001) in male patients

@ Springer

with mid-low rectal cancers after neoadjuvant chemoradio-
therapy [9]. The present study, despite the limited series,
could reinforce the concept that laparoscopic approach is
not associated to higher conversion rates in female patients,
therefore, not resulting in worse oncological outcomes [3].
The limited maneuverability of laparoscopic instruments
could not be critical in female pelvises. More extended stud-
ies are needed to demonstrate the role of sex on conversion
rates between different approaches.

Obtaining acceptable CRM, DRM, and complete meso-
rectum quality requires a precise dissection during TME [3,
9, 10, 12]. Those histopathologic metrics have an impact
on OS and local recurrence [23]. ROLARR trial demon-
strated no significant differences regarding histopathologic
parameters [29, 30]. However, the REAL multicenter RCT,
between robotic and laparoscopic approach to middle-low
rectal cancer, showed lower rates of positive CRM in the
robotic group (4.0 vs 7.2%, p=0.023) [31]. This was con-
firmed by a recent study of ours showing significantly lower
positive CRMs (3.0 vs 4.8%, p=0.01) and higher rate of
complete mesorectum (93 vs 44%, p=0.03) between R-TME
and L-TME in male patients with mid-low rectal cancers
after neoadjuvant chemoradiotherapy [9]. Moreover, median
CRM length was significantly longer in R-TME group than
in L-TME group (p=0.01). The present study showed no
differences in CRM involvement (2.9% for both groups),
CRM length (10.5 vs 11.3 mm), and TME specimen quality
(all cases were reported complete). This results points out
the efficient role of laparoscopy in obtaining oncologically
clear dissection in female pelvises. The optimized dissection
from advanced articulated robotic instruments could not be
as critical for female patients as it is for males to obtain high
quality dissection.

Adopting the robotic platform for female rectal cancers
did not affect the complication rates, Clavien—Dindo grad-
ing, and anastomotic leak rate between the two approaches.
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Recent meta-analysis that compared robotic (n=9178) and
laparoscopic (n=13,566) rectal cancer surgeries found simi-
lar postoperative complications rates between the two groups
[32]. However, the REAL RCT showed lower postopera-
tive complication rate in the robotic group (16.2 vs 23.1%,
p=003) [31]. This difference was confirmed in a recent
study considering rectal cancer male patients only, where the
robotic technique showed lower postoperative complication
rates than laparoscopy (13.6 vs 21.4%, p <0.05) [24]. Sex
dependent differences in pelvic anatomy are critical for com-
plication rates, as Akiyoshi et al. reported, confirming that
pelvic outlet is an independent predictor of anastomotic leak
(»=0.0305) [33]. Moreover, Baek et al. demonstrated that
robotic approach may overcome difficulties associated with
pelvic anatomy and decrease the complication rates [34].

This study reports long-term oncological outcomes with
a mean follow-up of 62.5 and 63 months for L-TME and
R-TME, respectively. 5-year OS and DFS were excellent
for both groups with no significant difference. Long-term
local recurrence rate was 3% for both groups. This highlights
the fact that laparoscopy can be oncologically safe as the
robotic approach in female rectal tumors treated by expert
hands. However, Piozzi et al. [11] recently evaluated the
oncological impact of the surgical approach (laparoscopic
versus robotic) to mid-low rectal cancer after neoadjuvant
chemotherapy showing that laparoscopy could be associ-
ated to a higher rate of systemic recurrences (27.8 vs 12.1%,
p=0.023). Interestingly, the impact was specifically on lung
recurrences (19.4 vs 6.5%, p=0.019). Lung specific DFS
was different between robotic and laparoscopic approach
(p=0.0020) with laparoscopy being a risk factor for lung
specific DFS on multivariate analysis (p =0.030; HR 3.074,
95% CI 1.112-8.496). The authors theorized that the differ-
ent manipulation of the tumor bearing rectum, especially
in hostile pelvises (post neoadjuvant chemoradiotherapy),
could lead to an increased release of metastatic cells into the
middle/inferior rectal and the internal iliac vein bloodstream
with a higher risk of a lung pattern of hematogenous metas-
tases. Further studies are needed to confirm these results and
to further evaluate if sex dependent anatomical differences
have any impact.

Regarding anorectal function, no statistical differences
was found between the two groups. Median Wexner score
was 9.42 +8.23 and 9.22 +3.64 (p =0.685) for L-TME
and R-TME, respectively. However, in the current study
the anorectal functional questionnaire was applied only to
ISR patients for both groups. Recently, we reported similar
anorectal functional results in patients undergoing laparo-
scopic and robotic ISR [35]. Literature is limited regard-
ing anorectal functional results specifically for rectal can-
cer surgeries in female patients. Since anus-preserving

surgeries are becoming standard with increasingly better
oncological outcomes, further multicenter studies with a
standardized anorectal functional assessment protocol are
needed to explore the functional impact.

This study has several limitations. First, it’s a retro-
spective study of prospectively collected data potentially
suffering from patient selection bias. Second, these results
derive from a single surgeon experience, therefore the
results may not be valid for other centers. Third, the series
is relatively small. A large RCT is required to confirm the
non-inferiority of the laparoscopic approach for rectal can-
cers in female patients. Fourth, this is a series of all rectal
cancers (within 15 cm from AV) in female patients. A
further study specifically on low rectal cancers is required
to confirm these results and evidence any benefit from the
robotic approach in female patients. Fifth, cost-effective-
ness was not investigated in this study.

Conclusions

This study showed that L-TME and R-TME have similar
perioperative, oncological, and anorectal functional results
in female patients with rectal cancer. The robotic approach
for rectal cancers in female patients could be not as critical
as for male patients.
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