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Abstract

Robotic surgery has been proposed over the last decade as a valid option to treat gastrointestinal malignancies in a minimally
invasive method, yielding encouraging results. The authors examine the outcomes of a consecutive series of patients with
stromal gastrointestinal neoplasms who were operated on using a totally robotic technique. There were 36 patients in the
study, with median age 70 years. Resected tumors were located in the esophagus, stomach, duodenum, small intestine and
rectum. Perioperative morbidity was 8% and no mortality occurred. RO resection was achieved in all cases. At a median
follow-up of 25 months, 35 patients were disease free while there was one case of death related to metastatic disease. Robotic
surgery is a valid option to resect gastrointestinal stromal tumors anywhere along the gastrointestinal tract in a minimally

invasive manner.
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Introduction

The introduction of multimodal therapy, especially neoadju-
vant therapy [1-3], has considerably improved the outcomes
of patients with gastrointestinal stromal tumors (GISTs) dur-
ing the recent years. Nonetheless, even with the advances
achieved in combined modality treatment, surgery remains
the cornerstone of curative therapy for GISTs [4-7].

Over the last decades, a dramatic shift toward managing
patients via minimally invasive surgery has been observed
and minimally invasive approaches are gaining increasing
interest also in surgical oncology for the treatment of a num-
ber of abdominal malignancies. Indeed, laparoscopy does
have the potential of offering a less invasive approach while
ensuring oncological radicality and expected survivals. Due
to the rarity of lymph node invasion and their propensity to

< Francesco Guerra
fra.guerra.mail @gmail.com

Division of Oncological and Robotic General Surgery,
Careggi University Hospital, Florence, Italy

Division of Clinical Oncology, Careggi University Hospital,
Florence, Italy

Division of Digestive and Liver Surgery, Santa Maria
Hospital, Terni, Italy

exophytic growth, gastrointestinal stromal tumors (GISTs)
can be safely treated with limited resections without the need
for routine lymphadenectomy [4-6, 8, 9]. Actually, taken
together, these features represent an excellent basis for the
application of minimally invasive surgery (MIS) [4, 7, 10].
Indeed, as experience and availability of new technologies
increased, the recent years have seen the number of mini-
mally invasive GIST resections growing dramatically world-
wide, yielding encouraging results [6, 7, 10-14]. However,
despite a general demand for minimally invasive surgery,
most GISTs and especially those with extragastric locations,
are still resected via conventional open surgery [4, 6, 11, 14,
15]. This is essentially in connection with several technical
difficulties that may be encountered in resecting such tumors
laparoscopically [4-6, 14—17].

Robotic surgery has some hypothetical advantages over
traditional laparoscopy and has been successfully applied to
resect GISTs, although infrequently [11, 15, 18]. Herein we
present our experience on a consecutive series of patients
treated with totally robotic resection of GISTs located along
the entire gastrointestinal tract.
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Materials and methods

Over a 6-year time frame, all consecutive patients with
primary GIST who received totally robotic surgery entered
the study. A prospectively maintained database was used,
which contained details about patient demographics and
general characteristics, surgical procedure, postoperative
course, pathologic findings, and oncological outcomes.
There were no exclusion criteria or contraindication to
the minimally invasive technique apart from patient refusal
to provide consent for the technique. A procedure-specific
informed consent was obtained from each patient.

Preoperative diagnosis assessment featured contrast-
enhanced computed tomography (CT), magnetic resonance
imaging (MRI), esophagogastroduodenoscopy, colonos-
copy, endoscopic ultrasonography (EUS) and positron
emission tomography (PET), as needed. Core-needle
biopsy was performed when strictly required, depend-
ing on clinical conditions. Those patients who received
neoadjuvant treatment stopped imatinib a few days before
surgery and it was resumed promptly in the postoperative
course.

Surgical procedures

All procedures were performed by surgeons with wide
experience in both gastrointestinal and robotic surgery.
All surgeries were carried out at two different institutions
(two tertiary hospitals). For all interventions, a four-arm
Da Vinci Surgical Robot (Intuitive Surgical, Sunnyvale,
CA) was employed: a third generation system was used
earlier in the series and a fourth generation system later in
the series depending on local availability.

Transthoracic subtotal esophagectomy in the case of
esophageal location is performed according to Lewis.
Briefly, with the patient in the supine position, a gastric
conduit is created. The patient is next placed in a left-sided
semi-prone position. The esophagus is next divided above
the azygos vein, the esophagogastric bloc pulled into the
chest and resected. A side-to-side esophagogastric stapled
anastomosis is thus performed.

Tumors located at the fundus or at the anterior or pos-
terior gastric wall are resected by wedge resection or fun-
dectomy, depending on cases and tumor size. Antropy-
loric locations, as well as duodenal neoplasms amenable
to local resection are managed with tumor enucleation and
direct hand-sewn (robot-sewn) suture of the incisions. The
remaining cases of gastric and duodenal tumors are man-
aged with distal gastrectomy (DG) and pancreaticoduo-
denectomy (PD), respectively. DG and PD are performed
according to the technique we described previously, with
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the exception of lymphadenectomy, which is performed
only in the presence of macroscopic evidence of lymphad-
enopathy [19, 20]. Particularly, following DG the diges-
tive continuity is restored via intracorporeal gastrojejunal
anastomosis with antecolically routed Roux-en-Y limb.
PD is performed with end-to-side, duct-to-mucosa pan-
creaticojejunostomy; the pylorus is preserved and gastro-
jejunal anastomosis performed with an antecolic omega
loop in end-to-side fashion [20]. All cases of small bowel
tumor are treated with formal bowel resection and stapled
side-to-side anastomosis. Rectal locations are managed as
for duodenal locations, with local enucleation and direct
hand-sewn suture of the incisions. Where needed, for any
location robot-integrated ultrasound is employed to extem-
poraneously control the exact location and to verify tumor
margins during resection [21].

Intraoperative blood losses were estimated by visual
assessment of graduated suction canisters. Operative time
was calculated as the time between skin incision and port-
site closure. The same surgical group followed all patients in
the postprocedural course and postoperative complications
were categorized and recorded using the Clavien—Dindo
classification [22]. Major morbidity was defined as the pres-
ence of any level III-V complication. Pathologic staging was
made according to the criteria proposed by Fletcher et al.
[23].

Each patient was followed in a multidisciplinary manner
involving surgical, medical, and oncological specialists. Any
local or distant recurrence was defined radiologically, with
or without pathologic confirmation. Any adjuvant therapy
program was established by consensus.

Statistical analysis was performed using the Statistical
Package for the Social Sciences, v20.0 (SPSS Inc., Chicago,
IL, USA), with results presented in descriptive statistics.

Results

During the period between January 2011 and December
2016, 36 patients of median age 70 years (range 20-81)
underwent surgery. Of these, 15 patients (41%) were male.

The distal esophagus was affected in two cases. The stom-
ach was the most frequent site of disease (22 cases). The
duodenum was affected in 5 cases, while there were 5 cases
of small bowel location and two of rectal location. In total,
5 patients (14%) had neoadjuvant therapy. Patients’ char-
acteristics with relative indications for surgery are given in
Table 1. During the same period 5 patients received open
surgery because of inability to tolerate pneumoperitoneum
or the presence of large mass (> 10 cm) at preoperative
assessment. All 5 patients had gastric neoplasm. Of these,
4 patients underwent distal gastrectomy, and one patient
underwent gastric fundectomy with distal pancreatectomy.
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Table 1 Baseline characteristics of the patients Table 2 Perioperative data and surgical outcomes
Patients (M:F) 36 (15:21) Procedures (n) 36
Age (years) 70 (20-81) Esophagectomy 2
BMI (kg/m?) 25 (19-38) Wedge gastrectomy 20
ASA III 6 (17%) Distal gastrectomy 2
Comorbidity Duodenal enucleation 3
Hypertension 15 (42%) Pancreaticoduodenectomy 2
Type 1I diabetes 7 (19%) Bowel resection 5
Dyslipidemia 1 (3%) Rectal enucleation 2
COPD 2 (6%) Operative time (min) 125 (70-570)
Cardiovascular disease 8 (22%) Estimated blood loss (mL) 20 (0-250)
Tumor location Postoperative hospital stay (days) 4 (2-27)
Esophagus 2 (5.5%) Overall morbidity 3 (8%)
Stomach 22 (61%) Major morbidity 1 3%)
Duodenum 5(14%) Reintervention 0
Jejunum and Ileum 5 (14%) In-hospital mortality 0
Rectum 2 (5.5%)

Values are expressed as median (with ranges) or events (with frequen-
cies). BMI body mass index, ASA American Society of Anesthesiolo-
gists, COPD chronic obstructive pulmonary disease

The main 36 robotic procedures performed consisted of
the following: 2 partial esophagectomies, 20 wedge gastric
resections, 2 DG, 2 PD, 3 duodenal enucleations, 5 small
bowel resections, and 2 rectal enucleations. There was no
tumor rupture or spillage and no conversion to open surgery
occurred. Three patients received concomitant procedures,
including cholecystectomy, liver wedge resection and renal
enucleation of a cystic mass. Median estimated blood loss
was 20 mL (0-250).

Overall, the median operative time was 125 min (range
70-570). A total of 3 patients (8%) experienced some
postoperative complications, whereby one patient (3%)
had major medical complication. Of note, one patient
who received gastric wedge resection and enucleation
of a renal mass had postoperative pneumonia. One other
patient had macroscopic hematuria, which cleared sponta-
neously without sequelae while in the hospital. One further
patient required prolonged hospitalization due to postop-
erative stroke, which resulted in no permanent disability.
The median postoperative hospital stay was 4 (range 2-27)
days. Surgical procedures and outcomes are summarized in
Table 2.

Median tumor size was 4 cm (range 1-8). At histopathol-
ogy examination, no case of microscopic margin involve-
ment was noticed. According to the Fletcher criteria [23], 9
tumors were categorized as very low risk, 18 low risk and
7 intermediate risk. At histologic assessment, CD117 and
CD34 staining results were positive in 31 and 20 patients,
respectively. Pathologic findings are summarized in Table 3.
Follow-up oncological information was available for all
patients. Median duration of follow-up was 25 months,

Values are expressed as median (with ranges) or events (with frequen-
cies). The majority of procedures were carried out at Careggi Univer-
sity Hospital, with the exception of 7 wedge gastrectomies, 2 bowel
resections, 2 distal gastrectomy and one pancreaticoduodenectomy,
which were performed at Santa Maria Hospital of Terni

ranging between 1 and 51 months, the overall survival
was 97%. Of note, one disease-related death occurred, in
a patient who developed metastatic peritoneal disease and
succumbed 27 months after resection. Oncological outcomes
are given in Table 4.

Table 3 Tumors pathologic features

Tumor size (cm) 4 (1.10-8.00)
Mitotic rate (per 50 HPF¥*)
<5 29
5-10 3
>10
NA 4
Immunohistochemistry (+) -) (—/+)
CDI117 (+) 31 2
CD34 (+) 20 1 1
DOGI (+) 33
SMA 1 13 2
S-100 29
Desmin 17 2
Fletcher classification
Very low risk 9
Low risk 18
Intermediate risk 7
High risk 0
NA 2

Values are expressed as events or median (with ranges). HPF high
power field
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Table 4 Oncological outcomes

Neoadjuvant therapy 5 (14%)
RO resection 36 (100%)
Adjuvant therapy 3 (8%)
Follow-up (months) 25 (1-51)
Recurrence 1 (3%)
DFS 97%

(0N 97%

Values are expressed as median (with ranges) or events (with frequen-
cies). DF'S disease-free survival, OS overall survival (at median dura-
tion of follow-up of 25 months)

Discussion

The purpose of this study was to evaluate the feasibility and
outcomes of robotic resection of GISTs at any location along
the entire digestive tract. To the best of our knowledge, this
is the first report on minimally invasive GIST resection rang-
ing from esophagectomy to rectal resection and represents
the largest series of patients receiving robotic surgery [11,
15, 18, 24]. The present study suggests that the robot can be
employed to resect GISTs in a minimally invasive manner
competently, even in the case of unfavorable locations [4-6,
13-16].

Immediate pathological findings reveal an excellent rate
of margin-negative resections, which was as high as 100%
in our series. Interestingly, the percentage of disease-free
patients was 97% at a median follow-up greater than 2 years.
This data is consistent with other results concerning standard
laparoscopic surgery, and globally compares favorably with
that associated with conventional surgery concerning GISTs
of the entire gastrointestinal tract [17, 25]. Similarly, overall
survival was comparable to that reported after conventional
open and laparoscopic procedures in the imatinib era [14,
16, 17].

The significant limitations that are still associated with
endoscopic treatment, especially for extirpating large
tumors, combined with the morbidity of conventional
open surgery render minimally invasive surgery an opti-
mal method to manage GISTs [4-6, 11, 17, 26]. Actually,
despite the lack of prospective, randomized comparisons
upon the matter, growing evidence exists that the applica-
tion of minimally invasive techniques to GIST surgery may
offer better perioperative results compared to conventional
open surgery, while maintaining the expected survivals
[5, 7]. Koh and colleagues [26] have recently compared
conventional minimally invasive versus standard open
resection for gastric GISTs on the available data from the
literature. In their well-conducted systematic review with
meta-analysis, the authors analyzed 11 nonrandomized
studies, including a total of 765 patients. Overall, at the
analysis of pooled data, laparoscopy showed significantly
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lower intraoperative blood losses, lower rate of minor
postoperative complications and length of hospital stay
as compared to conventional surgery. Conversely, no sig-
nificant difference was found between the two groups in
terms of major morbidity, rate of RO resection, disease-
free survival and overall survival, although this difference
should be interpreted in the light of a statistically signifi-
cant higher rate of high-risk tumors and an increased rate
of formal gastrectomies in the open compared with the
laparoscopic group.

Despite the known advantages on postoperative out-
comes of the minimally invasive method, the application
of laparoscopy generally encounters a number of technical
hindrances when managing extragastric neoplasms [5, 6,
11, 17]. For tumors located at the esophagogastric junction,
at the antropyloric area, as well as in the case of duode-
nal or jejunal locations, wedge stapled resection are gener-
ally contraindicated, due to the increased risk of stenosis
and/or delayed gastric emptying [5, 16-18, 27, 28]. As a
consequence, after tumor extirpation, incisions are better
hand-sewn than stapled and this makes the procedure highly
demanding to be performed laparoscopically [5, 16, 17, 28].
As far as duodenal enucleation is concerned, it is interest-
ing to notice that scarce data currently exist concerning the
application of minimally invasive surgery, with few series
reporting on robotic surgery [11, 29]. In 2015, Downs-Can-
ners and colleagues [29] published the retrospective analy-
sis of a multi-institutional experience with robotic duodenal
resection for benign and borderline duodenal tumors, which
included adenomas, neuroendocrine tumors, lipomas and
two GISTs. In the same year, Vicente et al. [11] reported on
three robotic enucleations of duodenal GISTs within a small
series including gastric and duodenal locations. Both experi-
ences reported on hand-sewn duodenal closure and revealed
optimal outcomes in terms of surgical and oncological data.

Actually, the intrinsic limitations to the application of lap-
aroscopy are essentially connected to an unstable, bi-dimen-
sional intraoperative view, a limited freedom of movement
of surgical tools within narrow spaces and, importantly, poor
ergonomics for surgeons [30]. In this respect, over the last
decade robotics has represented one of the most promising
novelties in surgical practice [11, 15]. A number of tech-
nical issues connected with conventional laparoscopy have
been overcome, at least partially, by robotic platforms, which
permit magnified 3-dimensional intraoperative view and
enhanced surgical dexterity on fine anatomical dissections.
These features enable not only easier resecting and sutur-
ing, thus permitting more accurate anastomoses, but also
facilitate the management of possible intraoperative com-
plications such as major bleedings [18, 21]. In this regard,
robotic systems represent an alternative option to perform
in a minimally invasive manner the same procedures nor-
mally achieved in a conventional open fashion, ranging from
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esophagectomy to PD, to the extirpation of tumors with duo-
denal or rectal location [20, 30, 31].

The significant cost related to the purchase and main-
tenance of robotic platforms is still regarded as a crucial
issue limiting wide diffusion in clinical practice. However,
the actual economic impact of robotic surgery should be
evaluated over time. It is worth noting that although only
one system has been largely used in clinical setting during
the last decade, less expensive platforms are being made
available currently. Thus, a growing competition is likely to
be observed in the future [21, 30].

Several limitations to the present study are to be acknowl-
edged. First, despite the analysis of an unselected, consecu-
tive series gathered from a prospectively maintained data-
base, it has a retrospective nature and lacks a comparator
group. In addition, as the study covered only nearly 6 years,
an actual estimation of long-term oncological results cannot
be reliably reached. However, the median follow-up, ranging
between 1 and 51 months, is likely to reflect appropriately
the general trend [1]. Finally, there were predominantly low-
risk patients in the series (<20% ASA III) and this may have
influenced positively our general results.

Conclusions

Definitive conclusions cannot be drawn due to the lack of
high-level evidence. However, our results suggest that robot-
ics can be considered as a valid option to extirpate neo-
plasms located anywhere along the entire gastrointestinal
tract with a minimally invasive technique.
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