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Abstract

Background The optimal approach for ensuring both complete resection and preservation of anal function in rectal
gastrointestinal stromal tumor (GIST) remains unknown. The aim of this study was to clarify short-term and long-term
outcomes after robotic radical surgery for rectal GIST.

Methods A total of 13 patients who underwent robotic radical surgery for rectal GIST between December 2011
and April 2022 were included. All robotic procedures were performed using a systematic approach. A supplemental
video of robotic radical surgery for rectal GIST is attached. The short-term outcome was the incidence of postopera-
tive complications during the first 30 days after surgery. Surgical outcomes were retrieved from a prospective data-
base. Long-term outcomes, including overall survival and recurrence-free survival, were determined in all patients.

Results Median distance from the tumor to the anal verge was 4.0 cm. Surgical margins were negative in all patients.
Two patients underwent neoadjuvant imatinib therapy. All patients underwent sphincter-preserving surgery. None
underwent conversion to open or laparoscopic surgery. The incidence of postoperative Clavien-Dindo grade |l

and grade > Ill complications was 7.7% and 0%, respectively. The median postoperative hospital stay was 7 days.
Twelve patients (92.3%) underwent stoma closure within 5 months of the initial surgery. Median follow-up time

was 76 months. The 5-year overall survival and recurrence-free survival rates were both 100%. None of the patients
had recurrence.

Conclusion Short-term and long-term outcomes after radical robotic surgery for rectal GIST were favorable. Robotic
surgery might be a useful surgical approach for rectal GIST.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal neoplasms of the gastrointestinal
tract [1, 2]. However, rectal GIST is extremely rare, mak-
ing up approximately 0.1% of all rectal neoplasms and
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with rectal GIST reported that radical resection is supe-
rior to local resection for rectal GIST of>2 cm in terms
of oncological outcomes [7]. Regarding radical resection
for rectal GIST, whether open, laparoscopic, robotic, or
transanal surgery is the optimal surgical approach has
not been discussed. To date, only a few case reports have
been published about each approach [8-11]. Therefore,
the optimal approach for ensuring both complete resec-
tion and preservation of anal function remains unknown.
This study was conducted to clarify the short-term and
long-term outcomes after robotic radical surgery for rec-
tal GIST.

Material and methods

Patient selection

Patients who underwent robotic radical surgery for rec-
tal GIST at Shizuoka Cancer Center in Japan between
December 2011 and April 2022 were included. The
institutional review board of Shizuoka Cancer Center
Hospital approved data collection and analysis (institu-
tional code: J2022-20). Patient characteristics, including
age, sex, body mass index, tumor size, tumor distance
from the anal verge, presence of distant metastasis, and
presence of adjuvant or neoadjuvant imatinib therapy
were recorded in a prospective database. Preoperative
evaluation consisted of colonoscopy, endorectal ultra-
sonography, computed tomography (CT), and magnetic
resonance imaging. Fine needle aspiration or needle
biopsy was performed for diagnosis. Recurrence risk was
assessed using the modified Fletcher classification [12].

Treatment

In accordance with the Japanese Clinical Practice
Guidelines for GISTs [13], primary resectable GIST
was typically treated with complete resection without
injury to the pseudocapsule and macroscopically nega-
tive margins. When complete resection was consid-
ered difficult to achieve with transanal local resection,
transabdominal radical resection was selected. Robotic
surgery was introduced in December 2011. The indica-
tion for robotic surgery was any rectal GIST. Robotic
surgery for rectal malignant tumors was not covered by
national health insurance in Japan until March 2018.
Therefore, it was a costlier treatment option than lap-
aroscopic or open surgery. After providing informed
consent, robotic, laparoscopic, or open surgery was
selected on the basis of patient preference. Preopera-
tive imatinib therapy was performed only in patients
for whom complete resection without imatinib ther-
apy was predicted to be difficult or when shrinkage
of the tumor with imatinib therapy would make anal
preservation possible or would permit the avoidance
of urinary diversion. Intersphincteric resection was
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performed when the rectum could not be divided using
linear staplers via the abdominal approach. If the tumor
invaded the levator ani muscle or fecal continence was
impaired, abdominoperineal resection was performed.
Adjuvant imatinib therapy was performed for 3 years
in patients categorized as being in the high-risk group
based on the modified Fletcher classification. All treat-
ment strategies, including operative approaches or
procedures, were approved at a multidisciplinary team
conference at our institution.

Operative technique

All robotic procedures were performed using a system-
atic approach. Trocars were placed as shown in Fig. 1.
The rectum was mobilized down to the pelvic floor
with sharp dissection in front of the fascia of the pre-
hypogastric nerve and behind Denonvilliers’ fascia to
avoid autonomic nerve injury if oncologically safe [14,
15]. If tumor invasion beyond the mesorectum was sus-
pected, en bloc resection of adjacent organs or pelvic
autonomic nerves was performed. The inferior mes-
enteric artery was preserved and central lymph node
dissection was not performed because lymph node
metastasis is rarely seen in GIST [12]. The supplemen-
tal materials include a video of robotic radical surgery
for rectal GIST.
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Fig. 1 Trocar placement. R1, R2, R3, and R4 refer to robotic arms 1, 2,
3, and 4, respectively
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Surveillance protocol

Surveillance was performed for 10 years after surgery.
The surveillance protocol at our institution consisted
of an interview, physical examination, blood tests, and
CT of the chest, abdomen, and pelvis every 6 months.
Colonoscopy was performed annually for the first
3 years after surgery. Recurrence was confirmed path-
ologically or based on progressively increasing tumor
size in imaging studies.

Outcome measurements

The short-term outcome was the incidence of postopera-
tive complications during the first 30 days after surgery,
based on the Clavien-Dindo classification [16]. Urinary
dysfunction was defined as residual urine volume of
more than 50 mL. The following surgical outcomes were
retrieved from the prospective database: intraoperative
blood loss, operative time, conversion to open surgery,
days to soft diet, and postoperative hospital stay. The rate
of complete resection was also gathered. Long-term out-
comes, including overall survival (OS) and recurrence-
free survival (RFS), were determined in all patients.

Statistical analysis

Categorical variables are presented as numbers (per-
centages). Continuous variables are presented as medi-
ans (range). OS and RFS rates were calculated using the
Kaplan—Meier method. All statistical analyses were per-
formed using EZR software, version 1.40 (Saitama Medi-
cal Center, Jichi Medical University, Saitama, Japan) [17],
which is a graphical user interface for R (The R Founda-
tion for Statistical Computing, Vienna, Australia).

Results

Patient characteristics

During the study period, 13 patients underwent robotic
radical surgery for rectal GIST. Their clinicopathologi-
cal characteristics are presented in Table 1. There were
nine males and four females. The median age was 58
(range, 39-72) years. The median distance from the
tumor to the anal verge was 4.0 (range, 1.7-5.0) cm. Two
patients underwent neoadjuvant imatinib therapy. Sur-
gical margins were negative in all patients. All 13 GISTs
stained positive for CD117 (c-kit) and CD34. According
to the modified Fletcher classification [12], nine patients
(69.2%) were in the very-low-risk or low-risk group, one
patient (7.7%) was in the intermediate risk group, and
three patients (23.1%) were in the high-risk group.

Surgical outcomes
Surgical outcomes are presented in Table 2. All patients
underwent anal sphincter-preserving surgery. None
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Table 1 Clinicopathological characteristics of the study patients

(h=13)
Characteristic n=13
Age, year [median (range)] 58(39-72)
Sex
Male 9(69.2)
Female 4(30.8)
Body mass index, kg/m2 [median (range)] 23.0(19.1-284)
Tumor distance from anal verge, cm [median (range)] 40(1.7-5.0)
Distant metastasis 0(0)
Neoadjuvant imatinib therapy 2(154)
Adjuvant imatinib therapy 3(23.1)
Surgical margin
RO 13 (100)
R1 000
R2 0(0)
Tumor size, cm [median (range)] 3(1.5-7.5)
<2 1(7.7)
2<,<5 10 (76.9)
>5 2(15.4)
Mitotic index, / 50HPFs
<5 11(84.6)
5<,<10
>10
Risk classification
Modified Fletcher criteria
Very low 1(7.7)
Low 8(61.5)
Intermediate 1(7.7)
High 3(23.1)

Values in parentheses represent percentages unless otherwise noted

HPF High-power field

underwent conversion to open or laparoscopic surgery.
Five patients underwent resection of an adjacent organ.
The median operative time was 288 (range, 178-306)
minutes. The median blood loss was 35 (range, 0-215)
mL. The incidence of postoperative Clavien-Dindo
grade II and grade III or higher complications was 7.7%
and 0%, respectively. None of the patients had anasto-
motic leakage. Among 13 patients, 12 patients (92.3%)
underwent stoma closure within 5 months of initial
surgery and the remaining patient did not want stoma
closure.

Long-term outcomes

The median follow-up time was 76 (range, 3-109)
months. Figures 2 and 3 show OS and RFS curves,
respectively. The 5-year overall OS and REFS rates were
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Table 2 Perioperative and postoperative outcomes of the study
patients (n=13)

Characteristics n=13
Type of procedures
Intersphincteric resection 11(84.6)
Low anterior resection 2(154)
Resection of the adjacent organ 5(384)
Vagina 2(154)
Levator ani muscle 2(154)
Prostate 1(7.7)
Diverting ileostomy 13 (100)
Conversion to open or laparoscopic surgery 0(0)
Anastomosis level from anal verge, cm [median (range)] 2.0 (1.0-4.0)
Operative time, min [median (range)] 288 (178-306)
Blood loss, ml [median (range)] 35(0-215)
Transfusion 0(0)
Postoperative complications
Anastomotic leakage 0(0)
Intra-abdominal or intraluminal bleeding 0(0)
Bowel obstruction 0(0)
Urinary dysfunction 1(7.7)
Urinary tract infection 0(0)
Wound infection 0(0)
Clavien-Dindo grade Il 1(7.7)
Clavien-Dindo grade Ill or more 0(0)
Day to soft diet, days [median (range)] 3(3-3)
Postoperative hospital stay, days [median (range)] 7(6-11)
Stoma closure 12 (92.3)

Values in parentheses represent percentages unless otherwise noted

each 100%. None of the patients had recurrence. One
patient died of lung cancer 88 months after surgery.

Discussion

This is the largest study evaluating the outcomes
after radical surgery for rectal GIST using the robotic
approach. [11]. Short-term and long-term outcomes
following robotic surgery were favorable. All patients
underwent sphincter-preserving surgery; the incidence
of postoperative complications of Clavien-Dindo grade
IT and grade III or higher was 7.7% and 0%, respectively.
All patients underwent RO resection and none had recur-
rence. There was only one prior study reporting three
patients undergoing robotic surgery for rectal GIST; their
outcomes were as good as ours [11]. In radical resec-
tion for rectal GIST, two recent relatively large stud-
ies reported that the proportion of patients undergoing
sphincter-preserving surgery ranged from 33 to 49%, the
incidence of postoperative complications ranged from
7.0% to 22%, the rate of RO resection ranged from 62 to
97%, and approximately 20% of patients had recurrence.
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The background characteristics of patients in those stud-
ies were different from those in our study and the surgi-
cal approach for radical surgery was not mentioned [6, 7].
Based on these results, robotic radical surgery for rectal
GIST might be a suitable approach in terms of postop-
erative complications, sphincter preservation, and RO
resection.

Another minimally invasive approach is laparoscopic
surgery. There were three studies reporting outcomes
after laparoscopic surgery for rectal GIST; the outcomes
were as favorable as ours [8—10]. However, the largest
study enrolled only five patients undergoing laparoscopic
surgery [9]. Therefore, it is difficult to compare robotic
and laparoscopic surgery for rectal GIST. Three large
randomized controlled trials have compared robotic and
laparoscopic surgery for rectal cancer: ROLLAR, COL-
RAR, and REAL [18-20]. Although the ROLLAR and
COLRAR trials did not demonstrate that robotic surgery
was superior to laparoscopic surgery for their respective
primary endpoints of open surgery conversion rate and
total mesorectal excision quality, the REAL trial showed
that the rate of circumferential resection margin posi-
tivity and the incidence of postoperative complications,
which were secondary endpoints, were significantly
lower with robotic surgery than with laparoscopic sur-
gery. Multiple retrospective studies have reported that
robotic surgery is superior to laparoscopic or open sur-
gery in terms of surgical, functional, and oncological out-
comes [21-26]. Surgical techniques required for radical
surgery for rectal GIST are similar to those for rectal can-
cer surgery. However, the extent of mesenteric mobiliza-
tion and the level of vascular ligation are different due to
prophylactic or systematic lymph node dissection being
not necessary in radical surgery for rectal GIST [27, 28].
Since rectal GIST is typically large and protruding, dis-
section around the tumor while maintaining a clear
margin and mobilization of rectum distal to the tumor
to preserve sphincter are essential. Robotic surgery via
a transabdominal approach seemed to be suitable due
to the following advantages: use of free-moving, multi-
joint forceps; motion-scaling function; less tremor; and
a stable camera with high-quality three-dimensional
imaging. These factors can overcome the inherent limi-
tations of conventional laparoscopic rectal surgery such
as the use of straight, rigid instruments; limited degrees
of freedom; an unstable camera with two-dimensional
imaging; and poor ergonomics due to the narrow pelvic
cavity and high anatomical complexity [29]. A previous
study using magnetic resonance imaging-based pelvim-
etry reported that long sacral length, shallow sacral angle,
narrow intertuberous distance, and large tumor size were
significantly associated with longer pelvic dissection time
in laparoscopic surgery for rectal cancer [30]. Patients
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Fig. 2 Overall survival (n=13)

were classified into three groups based on the number
of these anatomical factors: easy, moderate, and difficult
groups, and in patients who underwent robotic surgery
for rectal cancer, there was no difference among the easy,
moderate, and difficult groups in terms of operative time,
incidences of postoperative complications or pathologi-
cal outcomes. The study concluded that robotic surgery
could provide increased comfort for surgeons even with
difficult pelvic anatomy, and might overcome the dif-
ficutly [31]. Therefore, robotic surgery might also be a
more suitable approach for radical surgery to treat rectal
GIST than open or laparoscopic surgery.

According to the Japanese Clinical Practice Guidelines
for GISTs [13], there is no clear basis or consensus to rec-
ommend the preoperative use of neoadjuvant imatinib
therapy for resectable GIST. However, this intervention
may be considered for advanced rectal GIST to preserve
organ function. A recent retrospective multi-institutional
study reported that neoadjuvant imatinib therapy could
shrink rectal GIST, increasing the rate of RO resection and
sphincter preservation, with no significant differences in
RES between patients who received or did not receive
neoadjuvant imatinib therapy [32]. In this study, only two
patients underwent neoadjuvant imatinib therapy. One

task is to identify which cases are suitable for neoadju-
vant imatinib therapy. Smaller tumors are more likely to
achieve RO and to preserve sphincter. Aggressive neoad-
juvant imatinib therapy might be acceptable for relatively
large tumors.

Transanal total mesorectal excision (taTME) was not
performed for rectal tumors at our institution. A study
with 21 patients reported that taTME is useful for rec-
tal GIST [33]. Furthermore, two-team surgery might be
superior to one-team surgery in terms of operative time
and blood loss. Therefore, a two-team transanal approach
might also be an effective option for rectal GIST.

This study has several limitations. First, this was a ret-
rospective study conducted at a single institution with a
small number of patients. Second, patients undergoing
laparoscopic or open surgery were not enrolled. Third,
postoperative anal function was not objectively evalu-
ated. However, none of the patients underwent recreation
of a stoma due to dyschezia. Fourth, although median
follow-up time was 76 months, 2 patients had less than
12 months of follow up while the other 11 patients had
follow-up that was longer than 24 months.

In conclusion, we demonstrated favorable short-term
and long-term outcomes after radical robotic surgery
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Fig. 3 Recurrence-free survival (n=13)

for rectal GIST. Rectal GIST is extremely rare; there-
fore, a meta-analysis is needed to confirm the optimal
approach for radical resection of rectal GIST.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512893-024-02434-y.

[ Supplementary Material 1. }

Authors’ contributions

All authors contributed to study conception and design. Material prepara-
tion, data collection, and data analysis were performed by Chikara Maeda
and Yusuke Yamaoka. The first draft of the manuscript was written by Chikara
Maeda and Yusuke Yamaoka. All authors commented on previous versions of
the manuscript. All authors read and approved the final manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the institutional review board of Shizuoka Cancer
Center Hospital. All study participants provided informed consent.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 5 September 2023 Accepted: 3 May 2024
Published online: 09 May 2024


https://doi.org/10.1186/s12893-024-02434-y
https://doi.org/10.1186/s12893-024-02434-y

Maeda et al. BMC Surgery

(2024) 24:141

References

1.

Downs-Kelly E, Rubin BP. Gastrointestinal stromal tumors: molecular
mechanisms and targeted therapies. Patholog Res Int. 2011. https://doi.
0rg/10.4061/2011/708596, Apr 14, 2011.

Joensuu H, Fletcher C, Dimitrijevic S, Silberman S, Roberts P, Demetri

G. Management of malignant gastrointestinal stromal tumours. Lancet
Oncol. 2002. https://doi.org/10.1016/51470-2045(02)00899-9, Nov 2002.
Baik SH, Kim NK, Lee CH, Lee KY, Sohn SK, Cho CH, Kim H, Pyo HR, Rha
SY, Chung HC. Gastrointestinal stromal tumor of the rectum: an analy-
sis of seven cases. Surg Today. 2007. https://doi.org/10.1007/500595-
006-3424-1, May 28, 2007.

Tran T, Davila JA, El-Serag HB. The epidemiology of malignant gastroin-
testinal stromal tumors: an analysis of 1,458 cases from 1992 to 2000.
Am J Gastroenterol. 2005. https://doi.org/10.1111/j.1572-0241.2005.
40709.x, Jan 2005.

Kameyama H, Kanda T, Tajima Y, Shimada Y, Ichikawa H, Hanyu T, Ishi-
kawa T, Wakai T. Management of rectal gastrointestinal stromal tumor.
Transl Gastroenterol Hepatol. 2018. https://doi.org/10.21037/tgh.2018.
01.08, Feb 1,2018.

IJzerman NS, Mohammadi M, Tzanis D, Gelderblom H, Fiore M, Fuma-
galli E, Rutkowski P, Bylina E, Zavrakidis I, Steeghs N, Bonenkamp HJ,
van Etten B, Griinhagen DJ, Rasheed S, Tekkis P, Honoré C, van Houdt
W, van der Hage J, Bonvalot S, Schrage Y, Smith M. Quality of treatment
and surgical approach for rectal gastrointestinal stromal tumour (GIST)
in a large European cohort. Eur J Surg Oncol. 2020. https://doi.org/10.
1016/).6j50.2020.02.033, Mar 6, 2020.

Wang T, Zhao Y, Wang M, Zhang P, Lin G, Liu Q, Feng F, Xiong Z, Hu J,
Zhang B, Ye Y, Xia L, Tao K. Radical resection versus local excision for
low rectal gastrointestinal stromal tumor: A multicenter propensity
score-matched analysis. Eur J Surg Oncol. 2021. https://doi.org/10.
1016/).€j50.2021.01.027, Feb 3, 2021.

Ueki T, Nagayoshi K, Manabe T, Maeyama R, Yokomizo A, Yamamoto

H, Oda Y, Tanaka M. Laparoscopic en bloc excision of gastrointestinal
stromal tumors of the rectum after neoadjuvant imatinib therapy:
anteriorly extended intersphincteric resection combined with partial
resection of the prostate. Tech Coloproctol. 2015. https://doi.org/10.
1007/s10151-014-1261-6, Dec 31, 2014.

Fujimoto Y, Akiyoshi T, Konishi T, Nagayama S, Fukunaga Y, Ueno M.
Laparoscopic sphincter-preserving surgery (intersphincteric resection)
after neoadjuvant imatinib treatment for gastrointestinal stromal
tumor (GIST) of the rectum. Int J Colorectal Dis, 2014. https://doi.org/
10.1007/500384-013-1769-7, Sep 10, 2013.

. Akiyoshi T, Ueno M, Fukunaga Y, Nagayama S, Fujimoto Y, Konishi T,

Kuroyanagi H. Laparoscopic local excision and rectoanal anastomosis
for rectal gastrointestinal stromal tumor: modified laparoscopic inter-
sphincteric resection technique. Dis Colon Rectum, 2014.https://doi.
0rg/10.1097/DCR.0000000000000146, Jul 2014.

. Du JL, Chen CC, Chao HM, Kuo LJ. Robot-assisted intersphincteric

resection for rectal submucosal tumour. Int J Med Robot, 2016.https://
doi.org/10.1002/rcs.1667, May 22, 2015.

. Joensuu H. Risk stratification of patients diagnosed with gastrointesti-

nal stromal tumor. Hum Pathol, 2008. https://doi.org/10.1016/j.humpa
th.2008.06.025, Oct 2008.

. Nishida T, Hirota S, Yanagisawa A, Sugino Y, Minami M, Yamamura Y,

Otani, Shimada Y, Takahashi F, Kubota T. GIST Guideline Subcommit-
tee. Japanese clinical practice guidelines for gastrointestinal stromal
tumor (GIST) in Japan: English version. Int J Clin Oncol. 2008. https://
doi.org/10.1007/510147-008-0798-7, Oct 23, 2008.

. Kinugasa Y, Murakami G, Suzuki D, Sugihara K. Histological identifica-

tion of fascial structures posterolateral to the rectum. Br J Surg, 2007.
https://doi.org/10.1002/bjs.5540, May 2007.

. Kinugasa Y, Murakami G, Uchimoto K, Takenaka A, Yajima T, Sugihara

K. Operating behind Denonvilliers'fascia for reliable preservation of
urogenital autonomic nerves in total mesorectal excision: a histologic
study using cadaveric specimens, including a surgical experiment
using fresh cadaveric models. Dis Colon Rectum. 2006. https://doi.org/
10.1007/510350-006-0557-7, Jul 2006.

. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD,

de Santibafes E, Pekolj J, Slankamenac K, Bassi C, Graf R, Vonlanthen R,
Padbury R, Cameron JL, Makuuchi M. The Clavien-Dindo classification

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 7 of 8

of surgical complications: five-year experience. Ann Surg. 2009. https://
doi.org/10.1097/SLA.0b013e3181b13ca2, Aug 2009.

Kanda Y. Investigation of the freely available easy-to-use software 'EZR’
for medical statistics. Bone Marrow Transplant. 2013. https://doi.org/10.
1038/bmt.2012.244, Dec 3, 2012.

Park JS, Lee SM, Choi GS, Park SY, Kim HJ, Song SH, Min BS, Kim NK, Kim
SH, Lee KY. Comparison of Laparoscopic Versus Robot-Assisted Surgery
for Rectal Cancers: The COLRAR Randomized Controlled Trial. Ann Surg.
2023. https://doi.org/10.1097/SLA.0000000000005788. Jan 3, 2022
Feng Q, Yuan W, Li T, Tang B, Jia B, Zhou Y, Zhang W, Zhao R, Zhang C,
Cheng L, Zhang X, Liang F, He G, Wei Y, Xu J; REAL Study Group. Robotic
versus laparoscopic surgery for middle and low rectal cancer (REAL):
short-term outcomes of a multicentre randomised controlled trial.
Lancet Gastroenterol Hepatol. 2022. https://doi.org/10.1016/52468-
1253(22)00248-5. Sep 8, 2022

Jayne D, Pigazzi A, Marshall H, Croft J, Corrigan N, Copeland J, Quirke

P, West N, Rautio T, Thomassen N, Tilney H, Gudgeon M, Bianchi PP,
Edlin R, Hulme C, Brown J. Effect of Robotic-Assisted vs Conventional
Laparoscopic Surgery on Risk of Conversion to Open Laparotomy
Among Patients Undergoing Resection for Rectal Cancer: The ROLARR
Randomized Clinical Trial. JAMA. 2017. https://doi.org/10.1001/jama.
2017.7219. Oct 24, 2017

Yamaguchi T, Kinugasa Y, Shiomi A, Tomioka H, Kagawa H. Robotic-
assisted laparoscopic versus open lateral lymph node dissection for
advanced lower rectal cancer. Surg Endosc. 2016. https://doi.org/10.
1007/500464-015-4266-y, Oct 20, 2016.

Kim J, Baek SJ, Kang DW, Roh YE, Lee JW, Kwak HD, Kwak JM, Kim SH.
Robotic Resection is a Good Prognostic Factor in Rectal Cancer Com-
pared with Laparoscopic Resection: Long-term Survival Analysis Using
Propensity Score Matching. Dis Colon Rectum. 2017.https://doi.org/10.
1097/DCR.0000000000000770, Mar 2017.

Yamaguchi T, Kinugasa Y, Shiomi A, Kagawa H, Yamakawa Y, Furutani

A, Manabe S, Yamaoka Y, Hino H. Oncological outcomes of robotic-
assisted laparoscopic versus open lateral lymph node dissection for
locally advanced low rectal cancer. Surg Endosc. 2018. https://doi.org/
10.1007/500464-018-6197-x, May 2, 2018.

Kowalewski KF, Seifert L, Ali S, Schmidt MW, Seide S, Haney C, Tapking
C, Shamiyeh A, Kulu'Y, Hackert T, Mller-Stich BP, Nickel F. Functional
outcomes after laparoscopic versus robotic-assisted rectal resection:

a systematic review and meta-analysis. Surg Endosc. 2021. https://doi.
0rg/10.1007/s00464-019-07361-1, Feb 5, 2020.

Crippa J, Grass F, Dozois EJ, Mathis KL, Merchea A, Colibaseanu DT,
Kelley SR, Larson DW. Robotic Surgery for Rectal Cancer Provides
Advantageous Outcomes Over Laparoscopic Approach: Results From

a Large Retrospective Cohort. Ann Surg. 2021. https://doi.org/10.1097/
SLA.0000000000003805, Dec 1, 2021.

Yamaoka Y, Kagawa H, Shiomi A, Yamakawa Y, Hino H, Manabe S, Kinu-
gasa Y. Robotic-assisted surgery may be a useful approach to protect
urinary function in the modern era of diverse surgical approaches for
rectal cancer. Surg Endosc. 2021. https://doi.org/10.1007/500464-020-
07509-4, Mar 25, 2020.

Fong Y, Coit DG, Woodruff JM, Brennan MF. Lymph node metastasis
from soft tissue sarcoma in adults. Analysis of data from a prospective
database of 1772 sarcoma patients. Ann Surg. 1993. https://doi.org/10.
1097/00000658-199301000-00012, Jan 1993.

DeMatteo RP, Heinrich MC, El-Rifai WM, Demetri G. Clinical manage-
ment of gastrointestinal stromal tumors: before and after STI-571. Hum
Pathol. 2002. https://doi.org/10.1053/hupa.2002.124122, May 2002.
Yamaoka Y, Yamaguchi T, Kinugasa Y, Shiomi A, Kagawa H, Yamakawa Y,
Furutani A, Manabe S, Torii K, Koido K, Mori K. Mesorectal fat area as a
useful predictor of the difficulty of robotic-assisted laparoscopic total
mesorectal excision for rectal cancer. Surg Endosc. 2019. https://doi.
0rg/10.1007/500464-018-6331-9, Jul 13, 2018.

Kim JY, Kim YW, Kim NK, Hur H, Lee K, Min BS, Cho HJ. Pelvic anatomy
as a factor in laparoscopic rectal surgery: a prospective study. Surg
Laparosc Endosc Percutan Tech. 2011. https://doi.org/10.1097/SLE.
0b013e31822b0dch. Oct 2011

Baek SJ, Kim CH, Cho MS, Bae SU, Hur H, Min BS, Baik SH, Lee KY, Kim
NK. Robotic surgery for rectal cancer can overcome difficulties associ-
ated with pelvic anatomy. Surg Endosc. 2015. https://doi.org/10.1007/
s00464-014-3818-x. Aug 27,2014


https://doi.org/10.4061/2011/708596
https://doi.org/10.4061/2011/708596
https://doi.org/10.1016/s1470-2045(02)00899-9
https://doi.org/10.1007/s00595-006-3424-1
https://doi.org/10.1007/s00595-006-3424-1
https://doi.org/10.1111/j.1572-0241.2005.40709.x
https://doi.org/10.1111/j.1572-0241.2005.40709.x
https://doi.org/10.21037/tgh.2018.01.08
https://doi.org/10.21037/tgh.2018.01.08
https://doi.org/10.1016/j.ejso.2020.02.033
https://doi.org/10.1016/j.ejso.2020.02.033
https://doi.org/10.1016/j.ejso.2021.01.027
https://doi.org/10.1016/j.ejso.2021.01.027
https://doi.org/10.1007/s10151-014-1261-6
https://doi.org/10.1007/s10151-014-1261-6
https://doi.org/10.1007/s00384-013-1769-7
https://doi.org/10.1007/s00384-013-1769-7
https://doi.org/10.1097/DCR.0000000000000146
https://doi.org/10.1097/DCR.0000000000000146
https://doi.org/10.1002/rcs.1667
https://doi.org/10.1002/rcs.1667
https://doi.org/10.1016/j.humpath.2008.06.025
https://doi.org/10.1016/j.humpath.2008.06.025
https://doi.org/10.1007/s10147-008-0798-7
https://doi.org/10.1007/s10147-008-0798-7
https://doi.org/10.1002/bjs.5540
https://doi.org/10.1007/s10350-006-0557-7
https://doi.org/10.1007/s10350-006-0557-7
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1097/SLA.0000000000005788
https://doi.org/10.1016/S2468-1253(22)00248-5
https://doi.org/10.1016/S2468-1253(22)00248-5
https://doi.org/10.1001/jama.2017.7219
https://doi.org/10.1001/jama.2017.7219
https://doi.org/10.1007/s00464-015-4266-y
https://doi.org/10.1007/s00464-015-4266-y
https://doi.org/10.1097/DCR.0000000000000770
https://doi.org/10.1097/DCR.0000000000000770
https://doi.org/10.1007/s00464-018-6197-x
https://doi.org/10.1007/s00464-018-6197-x
https://doi.org/10.1007/s00464-019-07361-1
https://doi.org/10.1007/s00464-019-07361-1
https://doi.org/10.1097/SLA.0000000000003805
https://doi.org/10.1097/SLA.0000000000003805
https://doi.org/10.1007/s00464-020-07509-4
https://doi.org/10.1007/s00464-020-07509-4
https://doi.org/10.1097/00000658-199301000-00012
https://doi.org/10.1097/00000658-199301000-00012
https://doi.org/10.1053/hupa.2002.124122
https://doi.org/10.1007/s00464-018-6331-9
https://doi.org/10.1007/s00464-018-6331-9
https://doi.org/10.1097/SLE.0b013e31822b0dcb
https://doi.org/10.1097/SLE.0b013e31822b0dcb
https://doi.org/10.1007/s00464-014-3818-x
https://doi.org/10.1007/s00464-014-3818-x

Maeda et al. BMC Surgery (2024) 24:141

32. Yang W, Liu Q, Lin G, Zhang B, Cao H, Zhao Y, Xia L, Feng F, Xiong Z,
Hu J, Ye Y, Tao K, Zhang P. The effect of neoadjuvant imatinib therapy
on outcome and survival in rectal gastrointestinal stromal tumors: A

multiinstitutional study. J Surg Oncol. 2021. https://doi.org/10.1002/jso.

26628, Jul 29, 2021.

33. Shigaki T, Tsukada Y, Teramura K, Hasegawa H, lkeda K, Nishizawa Y,
Sasaki T, Ito M. Trans-anal surgery with the taTME technique for rectal
gastrointestinal stromal tumors: a retrospective study. Int J Colorectal
Dis. 2022. https://doi.org/10.1007/500384-022-04233-4, Aug 9, 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8


https://doi.org/10.1002/jso.26628
https://doi.org/10.1002/jso.26628
https://doi.org/10.1007/s00384-022-04233-4

	Short-term and long-term outcomes after robotic radical surgery for rectal gastrointestinal stromal tumor
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patient selection
	Treatment
	Operative technique
	Surveillance protocol
	Outcome measurements
	Statistical analysis

	Results
	Patient characteristics
	Surgical outcomes
	Long-term outcomes

	Discussion
	References


