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Abstract

Background Robotic surgery has advantages in terms of the ergonomic design and expectations of shortening the learning
curve, which may reduce the number of patients with adverse outcomes during a surgeon’s learning period. We investigated
the differences in the learning curves of robotic surgery and clinical outcomes for rectal cancer among surgeons with
differences in their experiences of laparoscopic rectal cancer surgery.

Methods Patients who underwent robotic surgery for colorectal cancer were reviewed retrospectively. Patients were divided
into five groups by surgeons, and their clinical outcomes were analyzed. The learning curve of each surgeon with different
volumes of laparoscopic experience was analyzed using the cumulative sum technique (CUSUM) for operation times,
surgical failure (open conversion or anastomosis-related complications), and local failure (positive resection margins or
local recurrence within 1 year).

Results A total of 662 patients who underwent robotic low anterior resection (LAR) for rectal cancer were included in the
analysis. Number of laparoscopic LAR cases performed by surgeon A, B, C, D, and E prior to their first case of robotic
surgery were 403, 40, 15, 5, and O cases, respectively. Based on CUSUM for operation time, surgeon A, B, C, D, and E’s
learning curve periods were 110, 39, 114, 55, and 23 cases, respectively. There were no significant differences in the surgical
and oncological outcomes after robotic LAR among the surgeons.

Conclusions This study demonstrated the limited impact of laparoscopic surgical experience on the learning curve of robotic
rectal cancer surgery, which was greater than previously reported curves.

Keywords Learning curve - Robotic surgery - Rectal cancer - Laparoscopic experience

Laparoscopic colorectal surgery is an alternative method
to open surgery with comparable clinical and oncological
outcomes [1-4]. However, in terms of surgical training,
it demands a more challenging learning curve to acquire
surgical competence. In rectal cancer surgery, the
laparoscopic approach requires a higher level of surgical
experience and proficiency because of tight work space in
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the pelvis, limited degrees of movement of rigid laparoscopic
instruments, and poor ergonomics for a surgeon during the
surgery [5]. According to previous studies, 40-90 surgeries
should be performed to obtain standardized outcomes,
although it has been demonstrated that oncological results
do not change during the learning period [6—10].

Robotic surgery has advantages in terms of ergonomic
design of surgical instruments such as 3-dimensional views
and the 7 degrees of freedom. The elaborate manipulation
of the robotic arms may aid precise dissection in the pelvic
cavity and thus reduce a surgeon’s burden to perform an
easier rectal cancer surgery. In this regard, with these
theoretical advantages of robotic surgery for rectal cancer,
there are expectations that the advanced technologies of
robotic surgery could reduce the learning curve, which may
reduce the number of patients with adverse outcomes during
a surgeon’s learning period. In previous reports, the learning
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curve of robotic rectal cancer surgery ranged from 15 to 35
cases, which was less than that in the results of laparoscopic
surgery [11-14]. However, these previous analyses did not
consider the laparoscopic experience and training for robotic
surgical techniques prior to robotic surgery, which could
produce bias when assessing learning curves [15].
Considering the lack of studies conducted to analyze the
influence of laparoscopic experience prior to robotic rectal
cancer surgery, we aimed to investigate the differences in
the learning curves of robotic surgery and clinical outcomes
for rectal cancer among surgeons with differences in their
experiences of laparoscopic rectal cancer surgery.

Materials and methods

Between January 2006 and December 2015, the medical
records of consecutive patients who underwent robotic
surgery for colorectal cancer performed by five surgeons
in a single institution were reviewed retrospectively. The
study was reviewed and approved by the institutional review
board. (IRB No. 4-2019-0003) A waiver of informed consent
was approved by the institutional review board given the
retrospective nature of the study. The eligibility criteria were
histologically confirmed rectal adenocarcinoma located
within 15 cm from the anal verge and major rectal resection
with curative intent by robotic low anterior resection (LAR),
defined as total or tumor-specific mesorectal excision
followed by colorectal or coloanal anastomosis with or
without intersphincteric resection. Patients who underwent
R2 resection for macroscopic residual disease, surgical
procedures other than LAR, or synchronous surgeries for
other organs were excluded.

The number of cases of laparoscopic LAR performed
prior to the first case of robotic LAR by five surgeons
was investigated, and we ranked the surgeons from A to E
according to the volume of prior experience of laparoscopic
LAR. Clinical outcomes including the oncological results of
each surgeon’s cases of robotic LAR were compared, and the
learning curves of robotic LAR were analyzed.

The variables included in the analysis comparing patients
who underwent robotic LAR performed by different
surgeons were as follows: age, gender, body mass index
(BMI), American Society of Anesthesiologists (ASA)
score, tumor location in the rectum, use of preoperative
radiotherapy, implementation of fecal diversion, and
pathological staging. Rectal cancer was defined as any
lesion situated within 15 cm from the anal verge, which
was documented by the attending surgeon in the operating
room. The locations of rectal cancer were categorized as
upper, middle, and low based on distances from the anal
verge of within 5 cm, 5-10 cm and more than 10 cm,
respectively. Preoperative radiotherapy was applied
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considering the location of the tumor and clinical tumor
staging. Pathological staging was based on the 8th edition
of the American Joint Committee on Cancer tumor-node-
metastasis system [16]. The clinical outcomes evaluated
included the operation time, defined as the elapsed time from
the initial incision for pneumoperitoneum to closure of the
incision including the docking period; intraoperative blood
loss; conversion of the surgical modality to laparotomys;
postoperative complications; status of the resection margin,
defined as presence of tumor cells on the resection margin
or not; harvested lymph nodes; survival outcomes, such
as 3-year disease-free survival (DFS) and overall survival
(OS); surgical failure, defined as conversion to laparotomy
or the occurrence of anastomosis-related complications;
and local failure, defined as the positive resection margin or
occurrence of local recurrence within 1 year after surgery.
For the variables of operation time, surgical failure, and
local failure, each surgeon’s learning curve was generated
and analyzed, respectively.

Surgical technique

All resections were performed using the da Vinci® Surgical
System S™ or Si™ (Intuitive Surgical®, Sunnyvale, CA)
in a medial-to-lateral fashion. All surgeons except surgeon
C adopted a totally robotic approach, and the docking
maneuver of single or double docking was used according
to each surgeon’s preference. Although some minor
adjustments were implemented, a general description of
the surgical techniques is as follows: ligation of the inferior
mesenteric artery and vein with mediolateral dissection;
routine identification of the ureter and hypogastric plexus;
total or tumor-specific mesorectal excision depending on
the location of the tumor; rectal resection more than 5 cm
distal to the tumor edge or, if not possible, to the levator
complex or intersphinteric resection; and stapled or hand-
sewn colorectal or coloanal anastomosis depending on the
level of resection. Fecal diversion was performed at the
discretion of the surgeon. Surgeon C performed a hybrid
technique composed of two procedures, which included
central vessel ligation and colonic mobilization using a
conventional laparoscopic technique and total or tumor-
specific mesorectal excision using a robotic approach.

Statistical analysis

All statistical analyses were performed using SPSS
Statistics (version 20.0., IBM Corp., Armonk, NY, USA),
with the exception of analyzing the learning curves, which
was performed using the R package. (version 3.2.4., R
Foundation for Statistical Computing, Vienna, Austria).
Categorical variables were analyzed using the x2 test
or Fisher’s exact test, while continuous variables were



Surgical Endoscopy (2021) 35:5583-5592

5585

analyzed using analysis of variance. Differences in survival
among the patients of each surgeon were compared using
the Kaplan -Meier method and tested using the log-
rank test. A p-value of less than 0.05 was considered
statistically significant. For the analysis of the learning
curves of each surgeon, the cumulative sum technique
(CUSUM) was used. CUSUM is a sequential analysis
technique designed to detect changes in a parameter of
the probability distribution [17]. We applied CUSUM
for operation times, surgical failure, and local failure.
Patients were chronologically arranged from the earliest
to the latest date of surgery, and for CUSUM analysis of
operation times, which was a continuous variable, we used
the following equation (x; represents the operation time of
each patient with case number i and y represents the mean
overall operation time):

CUSUM = ¥ (x; — u)

n
i=1

For CUSUM analysis of surgical failure and local
failure which are categorical variables, different equation
was required (a: type 1 error, : type 2 error, p,: acceptable
failure rate, p,: unacceptable failure rate, P =1log(p,/p,),
Q=logl(1 —pp)/(1 —p)1. s= QP+ Q)):

—s, success

CUSUM = )’ X, X, = { 1—s, failure

Success and failure were defined as surgical procedures
with and without surgical or local failure, respectively.
For surgical failure, a 10% acceptable failure rate and
30% unacceptable failure rate were set. In terms of local
failure, the acceptable and unacceptable failure rates were
set at 5% and 10%, respectively. These assumptions were
supported by considering the data in our study and usually
acceptable or unacceptable standards.

Results
Patient demographics

A total of 961 patients who underwent robotic colorectal
surgery were initially enrolled. Based on the selection
criteria, 662 patients were included in the analysis, and their
median follow-up period was 45.0 months (interquartile
range 15.3-61.0 months). The volumes of experience of
laparoscopic LAR prior to the initiation of robotic LAR of
the five surgeons included in this study were 403, 40, 15,
5, and O cases, respectively. The number of patients who
underwent robotic LAR by these surgeons were 269, 73,
131, 155, and 34, respectively (Fig. 1).

Data summarizing the patients’ clinicopathological
features are shown in Table 1. Among patients who
underwent surgery performed by different surgeons,
there were no significant differences in age, gender, and
BMI, while there were significant differences in the ASA
score, tumor location, use of preoperative radiotherapy,

n = 961

January 2006 ~ December 2015
Robotic surgery for colorectal cancer

Experience of laparoscopic LAR

prior to robotic LAR
Surgeon A : 403 cases
Surgeon B : 40 cases —
Surgeon C : 15 cases
Surgeon D : 5 cases

Other type of operation than LAR (n=15)

Exclusions
Colon cancer (n=170)
Palliative resection (n=15)

Synchronous operation (n=99)

Surgeon E : 0 case

Surgeon A
n = 269

Surgeon B
n=73

n =131

Surgeon C

Surgeon D
n =155

Surgeon E
n=34

Fig. 1 Patient inclusion and exclusion criteria

@ Springer



5586

Surgical Endoscopy (2021) 35:5583-5592

Table 1 Clinicopathological

Surgeon A Surgeon B Surgeon C Surgeon D Surgeon E p value
results
No. of cases 269 73 131 155 34
Age 557 (x11.8) 557(x12.6) 57.7(x11.5) 588 (x11.2) 57.2(x10.3) 0.083
Gender 0.936
Male 178 (66.2%) 49 (67.1%) 86 (65.6%) 101 (65.2%) 20 (58.8%)
Female 91 (33.8%) 24 (32.9%) 45 (34.4%) 54 (34.8%) 14 (41.2%)
BMI 23.6 (+3.0) 23.6 (+2.9) 23.1 (+2.9) 23.6 (+3.0) 23.2(x£3.2) 0.576
ASA 0.006
il 244 (90.7%) 70 (95.9%) 120 (99.2%) 138 (89.0%) 30 (88.2%)
v 25 (9.3%) 3(4.1%) 1(0.8%) 17 (11.0%) 4 (11.8%)
Tumor location 0.043
Upper 50 (18.6%) 15 (20.5%) 33 (25.2%) 52 (33.5%) 10 (29.4%)
Middle 132 (49.1%) 33 (45.2%) 65 (49.6%) 59 (38.1%) 15 (44.1%)
Low 87 (32.3%) 25 (34.2%) 33 (25.2%) 44 (28.4%) 9 (26.5%)
Preoperative radiotherapy <0.001
Present 127 (472%) 27 (37.0%) 18 (13.7%) 52 (33.5%) 16 (47.1%)
Absent 142 (52.8%) 46 (63.0%) 113 (86.3%) 103 (66.5%) 18 (52.9%)
Fecal diversion <0.001
Present 152 (56.5%) 18 (24.7%) 25 (19.1%) 78 (50.3%) 19 (55.9%)
Absent 117 (43.5%) 55 (75.3%) 106 (80.9%) 77 (49.7%) 15 (44.1%)
Pathologic stage 0.013
0 18 (6.7%) 3(4.1%) 1(0.8%) 6 (3.9%) 4 (11.8%)
I 113 (42.0%) 38 (52.1%) 52 (39.7%) 59 (38.1%) 10 (29.4%)
I 50 (18.6%) 19 (26.0%) 30 (22.9%) 39 (25.2%) 12 (35.3%)
I 88 (32.7%) 13 (17.8%) 48 (36.6%) 51 (32.9%) 8(23.5%)

Figures given as mean + standard deviation

BMI body mass index, ASA American Society of Anesthesiologists

implementation of fecal diversion, and pathological staging.
Surgeon B and C had patients with lower ASA scores than
those of surgeons A, D, and E. The proportions of patients
with low rectal cancer were higher for surgeon A and B than
those for surgeons C and E. Preoperative radiotherapy and
fecal diversion were performed less frequently in patients
of surgeon C than in patients of the other surgeons. The
pathologic stage in the patients of surgeon B was less
advanced than that in the patients of the other surgeons.

Clinical outcomes

An analysis comparing the clinical outcomes including
oncological results among the patients of the five surgeons
is summarized in Table 2. Surgeons A and B showed
significantly longer operation times than those of the other
surgeons. The volume of blood loss during the surgery was
markedly greater for surgeon A. Surgeon C, who performed
the hybrid technique, showed the shortest operation time
and smallest volume of blood loss than those of the other
surgeons. There were no significant differences in the
incidence of conversion to laparotomy, postoperative
complications, positive resection margins, number of
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harvested lymph nodes, and survival outcomes such as
3-year DFS and OS (Fig. 2). Surgical failure, defined as
conversion to laparotomy or occurrence of anastomosis-
related complications, and local failure, defined as positive
resection margins and the occurrence of local recurrence
within one year after surgery, were not significantly different
among the patients of each surgeon.

Learning curve

For patients who underwent robotic LAR by surgeons A,
B, C, D, and E, the inflection point of learning curve for
operation times were 110th, 39th, 114th, 55th, and 23rd
cases based on CUSUM analysis (Fig. 3). The operation
time of surgeon A showed an initially decreasing trend
to the 14th case but then increased until the 110th case.
After the peak at the 110th case, the operation time
showed a decreasing trend and nadir at the 231st case.
Surgeon B showed a fluctuating operation time but a
gradually increasing trend to the peak at the 25th case,
and relatively plateau period to the 39th case, followed by
a decreasing trend and nadir at the 67th case. Surgeon C
showed a gradually increasing trend in the operation time
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Table 2 Clinical outcomes

Surgeon A Surgeon B Surgeon C Surgeon D Surgeon E p value
Operation time 345.8 (+89.8) 350.5 (+56.6) 266.1 (+72.9) 273.1 (+70.4) 305.1 (+69.9) <0.001
Blood loss 220.2 (+290.6) 116.4 (+164.1) 16.0 (+46.1) 116.7 (+168.6) 143.4 (+163.8) <0.001
Conversion 6 (2.2%) 0(0.0%) 1(0.8%) 2 (1.3%) 1(2.9%) 0.547
Complication
Overall complication 0.104
Present 50 (18.6%) 11 (15.1%) 10 (7.6%) 16 (10.3%) 2 (5.9%)
Absent 219 (81.4%) 62 (84.9%) 121 (89.7%) 139 (89.7%) 31 (94.1%)
Anastomosis-related complication 0.239
Present 33 (12.3%) 10 (13.7%) 8 (6.1%) 9 (5.8%) 1(2.9%)
Absent 236 (87.7%) 64 (86.3%) 123 (93.9%) 146 (94.2%) 33 (97.1%)
Positive resection margin
Proximal margin N/A
Present 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%)
Absent 269 (100%) 73 (100%) 131 (100%) 155 (100%) 34 (100%)
Distal margin 0.274
Present 2(0.7%) 2 (2.7%) 0 (0.0%) 3(1.9%) 0 (0.0%)
Absent 267 (99.3%) 71 (97.3%) 131 (100%) 152 (98.1%) 34 (100%)
Circumferential margin 0.581
Present 3(1.1%) 2 (2.7%) 4 (3.1%) 3(1.9%) 0 (0.0%)
Absent 266 (98.9%) 71 (97.3%) 127 (96.9%) 150 (98.1%) 34 (100%)
Survival outcomes
3-year DFS 81.5% 83.0% 82.8% 80.1% 81.5% 0.831
3-year OS 97.0% 96.8% 96.0% 93.5% 100% 0.308
Surgical failure (conversion, anastomosis-related complication) 0.263
Present 44 (16.4%) 16 (21.9%) 15 (11.5%) 20 (12.9%) 4 (11.8%)
Absent 225 (83.6%) 57 (78.1%) 116 (88.5%) 135 (93.5%) 30 (88.2%)
Local failure (positive resection margin, local recurrence within 1 year) 0.456
Present 13 (4.8%) 7 (9.6%) 7(5.3%) 13 (8.4%) 2 (5.9%)
Absent 256 (95.2%) 66 (90.4%) 124 (94.7%) 142 (91.6%) 32 (94.1%)

Figures given as mean + standard deviation

Conversion Converting surgical modality to laparotomy, DFS disease-free survival, OS overall survival

to the peak at the 109th case, and plateau period to the 114
case, followed by decreasing trend. Surgeon D showed a
steeply increasing trend in the operation time to the peak
at the 39th case, and plateau period to the 55th case and,
followed by a decreasing trend to the nadir point of the
150th case. Surgeon E showed an initially decreasing trend
to the Sth case but then increased until the 12th case, and
relatively plateau period to the 23rd case, followed by
decreasing trend. For surgical and local failure, the graphs
were relatively ambiguous (Figs. 4, 5). For surgical failure,
surgeon A, B, C, D, and E presented the failure rates of
16.4%, 21.9%, 11.5%, 12.9%, and 11.8%, respectively.
On their learning curves, surgeon A and D showed two
inflection points (33rd and 156th case for surgeon A, and
57th and 122nd case for surgeon D) and surgeon E showed
inflection point at 7th case. For local failure, surgeon A, B,

C, D, and E’s failure rates were 4.8%, 9.6%, 5.3%, 8.4%,
and 5.9%, respectively. On their learning curves, surgeon
D and E showed curve changes at the 113th case and 7th
case. No definite points were identified for surgeons A,
B, and C.

Discussion

Since the introduction of robotic colorectal surgery, the
feasibility and safety of its use for colorectal cancer has been
documented, indicating its comparability to the laparoscopic
approach in terms of short- and mid-term results [18-21].
Some studies have revealed better conversion rates and
postoperative functional outcomes than those of the
laparoscopic approach for rectal surgery [20, 22-25].
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Regarding the advantages of robotic surgery, many studies

5 1 Surgeon A ' Surgeon B

included in their series [12]. Moreover, in these previous

g Surgeon C

| Surgeon D * | Surgeon E

Fig.3 CUSUM for operation time according to individual surgeon

have considered the learning curve for robotic rectal cancer
surgery, which appears to be reduced than that required
for laparoscopic surgery [11-14, 26-30]. The learning
curve has been reported to peak at values of 15—35 cases,
which is significantly lower than the 30-70 cases reported
for the learning curve of the laparoscopic approach [6, 11,
14, 26, 28, 29, 31]. However, some authors have noted the
limitations of these results in the small number of cases
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studies, the experience of laparoscopic surgeons, which
may be an influencing factor in the learning of robotic
techniques, had not been considered in their analysis. In a
recent systematic review of the learning curve of robotic
rectal cancer surgery, the authors considered the experience
of laparoscopic surgery as an influencing factor in the
learning of robotic surgery, since tactless surgery and prior
optical handling may decrease the time required to achieve
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Surgeon C

Fig.4 CUSUM for surgical failure according to individual surgeon (Surgical failure was defined as conversion to laparotomy or occurrence of

anastomosis-related complication)

an adequate level of expertise [32]. In the present study,
a total of 662 patients who underwent robotic surgery for
rectal cancer performed by five surgeons were enrolled. To
our knowledge, this is the largest series to date, including
multiple surgeons in a single institution. Additionally, each
surgeon’s experience of laparoscopic rectal cancer surgery
prior to the initiation of robotic surgery was investigated,
and a wide range of laparoscopic experiences were presented
(403, 40, 15, 5, and O cases for surgeon A to E, respectively).

In the present study, patients of each surgeon showed
different clinical characteristics, which reflected the different
criteria for patient selection for robotic surgery adopted by
each surgeon. Furthermore, each surgeon adopted different
technical details of robotic surgery, such as different docking
systems and robotic instruments. Despite the diverse
selection criteria and technical details, the clinical results,
including the oncological outcomes were not significantly
different, which may suggest that the surgical principles for
rectal cancer surgery had not been violated.

The operation time is one of the most common variables
used to assess the learning curves of surgical procedures
[33-37]. In addition, assessing the completion of the
surgery is essential to determine the learning curve [38].
We analyzed each surgeon’s learning curve in terms of
the operation time and surgical completion. Surgical
completion was estimated based on surgical failure defined
as conversion to laparotomy or occurrence of anastomosis-
related complications and local failure defined as positive
resection margins or local recurrence within one year after

surgery. Regarding the operation time, surgeon A with
greatest experience of laparoscopic rectal surgery showed
a learning curve period of 110 cases; on the other hand,
surgeon D and E with limited experience of laparoscopic
surgery showed learning curve periods of 55 and 23 cases.
The timing to initiate robotic surgery might be a putative
elucidation of this gap. Surgeons A and C, who showed
relatively greater learning curve periods of 110 and 114
cases, initiated robotic surgery in August 2007 and June
2006, respectively. Compared to them, surgeons B, D and
E, who showed learning curve periods of 39, 55, and 23
cases, initiated robotic surgery later in April 2008, March
2009, and April 2009, respectively. The latter three surgeons
could monitor the former two surgeons’ initial experience
of robotic surgery and be offered advice on surgical tips
for instrument manipulation and technical tips for robotic
surgery. Furthermore, later adopters of robotic surgery
could be offered more training programs, such as dry
laboratory training using a robotic surgical system and/or
its preclinical application in animal model. For the learning
curves for surgical failure and local failure, the results were
relatively ambiguous and challenging to interpret than the
learning curve of operation time. However, surgeon E, the
latest robotic surgery adopting surgeon without laparoscopic
experience of rectal cancer surgery, showed the least learning
curve inflection point of 7th case for both of surgical failure
and local failure. Meanwhile, for surgical failure, surgeon A
and D showed similar trend presenting two inflection points
(33rd and 156th case for surgeon A, and 57th and 122nd
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Fig.5 CUSUM for local failure according to individual surgeon. (Local failure was defined as positive resection margin or local recurrence

within 1 year after index operation)

case for surgeon D). It might be elucidated by the timing
to expand patient selection criteria for robotic rectal cancer
surgery. Actually, at that points, these surgeons’ learning
curves for operation time showed minor fluctuation. In this
context, we can assume that learning curves for adverse
outcomes were more influenced by patient selection than
operation time. In these results of comparing the learning
curves among surgeons with different laparoscopic surgical
experience, we could not identify a correlation between
laparoscopic experience and the learning curve of robotic
surgery. Although basic laparoscopic experience is thought
to be essential to establish the surgical strategy for robotic
surgery, the impact was not significant according to the
results of our study. Rather, a preparatory period with
sufficient training and clinical observation for robotic
surgery might be associated with reducing the learning
curve.

In the present study, the learning curve periods for
operation times of each surgeon were diverse, ranging from
23 to 114 cases. Although surgeon E showed a learning
curve period of 23 cases in a total of 34 cases, surgeons
A, B, C, and D showed the periods of 110, 39, 114, and 55
cases in their total cases of 269, 73, 131, and 155 cases,
respectively, which were greater than the results of other
studies. Previous reports suggested values of 15 -35 cases
with small sample sizes of less than 50 cases [11, 14, 26,
28, 29]. According to our experience, with the accumulation
of experience of robotic surgery, the indications for robotic
surgery have expanded. In the course of overcoming the
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cases of expanded criteria, a prolonged learning curve
was inevitable. Actually, surgeon E, performed a total of
34 cases of robotic rectal cancer surgery, showed the least
learning curve period of 23 cases in the present study. In a
recent study analyzing the learning curve of a surgeon with
a relatively large experience of 203 cases of robotic rectal
surgery, the 75th case was identified as the learning curve
peak, which did not correspond to the previous studies with
small sample sizes [39].

Although the learning curves of the operation times
showed a relatively definite changing point, learning curves
of surgical failure and local failure were less definite in the
present study. One possible reason is related to the surgical
principle. Each surgeon had been trained to preserve the
surgical principle that should not be changed regardless of
the surgical modality such as open, laparoscopic, and robotic
surgery. Except for limited troublesome cases in which it
was inevitable to violate, most cases might be operated
within the principle. Indeed, on comparing the surgical
and oncological outcomes among surgeons, there were no
significant differences in the postoperative complication rate,
status of resection margin, incidence of local failure, and
survival outcomes of 3-year DFS and OS.

A limitation of this study was its reliance on retrospective
single-center data. Hence, the enrolled patients were not
randomized to each surgeon who had different policies
to select a patient for robotic surgery and the consecutive
patients did not have the same anatomical features, which
affected the technical difficulty during the surgery. However,
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to investigate the learning curves, we utilized the CUSUM
method to assess the variation from the mean in a single
surgeon, rather than the actual variables, which eliminated
differences among each surgeon’s patient group and
technical factors. Additionally, in this high-volume single-
center study, we reduced the variation factor by sharing the
same surgical team for individual surgeons. Despite this
limitation, however, this study has provided unique analyses
of the learning curve of robotic rectal cancer surgery, using
statistical methods and including data from surgeons with
different experiences of laparoscopic surgery. Furthermore,
we analyzed not only the short-term surgical outcomes
but also the survival outcomes for surgeons with different
learning curves. The results of our study may assist surgeons
in investigating robotic rectal surgery.

In conclusion, this study demonstrated the limited impact
of laparoscopic surgical experience on the learning curve
of robotic rectal cancer surgery, which was greater than
that in previously reported results. Additionally, attempting
to preserve the surgical principle might preserve clinical
outcomes, including oncological results, even before
overcoming the learning curve.
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