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Abstract

Minimally invasive surgery (MIS) for upper gastro-
intestinal (GI) cancer, characterized by minimal access,
has been increasingly performed worldwide. It not only
results in better cosmetic outcomes, but also reduces
intraoperative blood loss and postoperative pain,
leading to faster recovery; however, endoscopically
enhanced anatomy and improved hemostasis via
positive intracorporeal pressure generated by CO:
insufflation have not contributed to reduction in early
postoperative complications or improvement in long-
term outcomes. Since 1995, we have been actively
using MIS for operable patients with resectable upper
GI cancer and have developed stable and robust
methodology in conducting totally laparoscopic
gastrectomy for advanced gastric cancer and prone
thoracoscopic esophagectomy for esophageal cancer
using novel technology including da Vinci Surgical
System (DVSS). We have recently demonstrated
that use of DVSS might reduce postoperative local
complications including pancreatic fistula after
gastrectomy and recurrent laryngeal nerve palsy after
esophagectomy. In this article, we present the current
status and future perspectives on MIS for gastric and
esophageal cancer based on our experience and a
review of the literature.

Key words: Stomach neoplasms; Esophageal neoplasms;
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Core tip: Minimally invasive surgery (MIS) for upper
gastrointestinal cancer reduces intraoperative blood
loss and postoperative pain, leading to faster recovery.
It also results in better cosmetic outcomes. The impact
of MIS on postoperative complications and long-
term outcomes has been under debate. We have
recently demonstrated that use of da Vinci Surgical
System might reduce postoperative local complications
including pancreatic fistula after gastrectomy and
recurrent laryngeal nerve palsy after esophagectomy.

Suda K, Nakauchi M, Inaba K, Ishida Y, Uyama I. Minimally
invasive surgery for upper gastrointestinal cancer: Our experience
and review of the literature. World J Gastroenterol 2016;
22(19): 4626-4637 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/119/4626.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.119.4626

INTRODUCTION

Gastric cancer (GC) is the fifth most common malig-
nancy and the third leading cause of cancer death
in the world in 2012, Surgical resection remains
the only curative treatment option, and regional
lymphadenectomy is recommended as part of radical
gastrectomy™. According to the Japanese Gastric
Cancer Association (JGCA) Gastric Cancer Treatment
Guidelines, D2 gastrectomy is recommended for
advanced gastric cancer (AGC)P*; however, D2
lymphadenectomy, especially when combined with
splenectomy or pancreaticosplenectomy, has been
reported to increase morbidity and mortality™*®.

Esophageal cancer (EC) is the eighth most common
malignancy and the sixth leading cause of cancer death
in the world in 2012™, Similar to GC, surgical resection
remains the primary curative treatment option, and
regional lymphadenectomy is recommended as part
of radical esophagectomy®™?. Esophagectomy, which
requires thoracolaparotomic manipulation, is one of
the most invasive operations in gastrointestinal (GI)
surgery, being associated with significant morbidity
and mortality!**,

Minimally invasive surgery (MIS), which was
launched in the late 80’s'™, has been characterized
by minimal access using laparoscope or thoracoscope
with CO:2 insufflation'®. Although the impact of MIS
on postoperative inflammatory response has still been
unclear, it has been increasingly used for upper GI
malignancies in an attempt to improve postoperative
outcomes!*78],

This article provides the updates on laparoscopic
gastrectomy (LG) for GC and video-assisted thoracoscopic
surgery esophagectomy (VATS-E) for EC, particularly
focusing on our twenty-year experience in this field
along with a review of previously reported and ongoing
large prospective studies.
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GASTRIC CANCER

LG for early gastric cancer

Since the first report of LG by Kitano et al™® in 1994,
LG for GC has gained popularity because of its beneficial
short-term effects leading to improved quality of life (QoL)
in comparison with open gastrectomy (OG), although
many controversies still exist due to the lack of solid
evidence on its long-term outcomes™?%. Therefore,
LG had long been recognized as an investigational
treatment even for early gastric cancer (EGC) but not
as a standard procedure in Japan'®®!. However, based
on the results of the following multicenter phase 1I
trial conducted by the Japanese Clinical Oncology
Group (JCOG) (JCOG0703)1, the new Japanese
Gastric Cancer Treatment Guidelines (ver. 4, issued
in 2014) has turned to allow laparoscopic distal
gastrectomy (LDG) for clinical stage I disease as a
standard treatment option™.

JCOG0703

JCOG0703™ was conducted to assess the safety of
LDG with D1+ lymph node (LN) dissection for clinical
stage I GC. In this well-designed phase II study, to
control for the quality of surgery, only surgeons who
had performed 30 or more LDGs and 30 or more open
distal gastrectomies (ODGs) participated. A central
review of the surgical procedure in all the patients was
conducted by evaluating photographs taken during
the procedure. Between 2007 and 2008, 176 eligible
patients from 14 hospitals were enrolled. The incidence
of anastomotic leakage or pancreatic fistula was
primarily determined, resulting in only 1.7 % (3/173),
which was much lower than the pre-specified threshold
of 8%. Moreover, morbidity (Common Terminology
Criteria for Adverse Events, CTCAE v3.0 Grade 3 or 4)*"!
was 5.1%. Thus, the safety of LDG for clinical stage
IA/IB disease was securely confirmed.

JCOG0912

On the basis of JCOG0703, a multicenter phase I RCT
of LDG vs ODG with D1+ nodal dissection for clinical
stage I GC (JCOG0912) has currently been conducted
to determine the non-inferiority of LDG to ODG in
terms of overall survival®®®, For quality control of
surgery, surgeons were required to have experience
with at least 30 LDGs as well as certification (or its
equivalent) from the Japan Society for Endoscopic
Surgery (JSES) according to the Endoscopic Surgical
Skill Qualification System™”. Between 2010 and 2013,
921 patients (LDG 462, ODG 459) were enrolled
from 33 institutions. Regarding short-term outcomes
of this study, LDG significantly improved blood loss,
postoperative pain and recovery of bowel movement
irrespective of extended operative time. There were no
grade 3 or 4 (CTCAE v4.0PY) intraoperative adverse
events in either arm. No difference was observed in
the overall proportion of in-hospital, non-hematological
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Table 1 Ongoing randomised controlled trials on laparoscopic distal gastrectomy for advanced gastric cancer

JLSSGO0901 KLASS02 CLASSO1
Country Japan Korea China
Start year 2010 2011 2012
Phase I/ i il
Intervention LDG vs ODG LDG vs ODG LDG vs ODG
Inclusion criteria cT2-4a cT2-4a cT2-4a

cNO0-2 (except bulky N2) cNO0/1 cNO0-3 (except bulky LN)

Sample size 11:180, m:500 1050 1056
Primary endpoint II: morbidity 3-year RFS 3-year RFS

II: 3-year RFS

JLSSG: Japanese Laparoscopic Surgery Study Group; KLASS: Korean Laparoscopic Gastrointestinal Surgery Study; CLASS: Chinese Laparoscopic

Gastrointestinal Surgery Study; LDG: Laparoscopic distal gastrectomy; ODG: Open distal gastrectomy; LN: Lymph node; RFS: Relapse-free survival.

grade 3 or 4 adverse events excluding biochemical
data (LDG vs ODG, 3.3% vs 3.7%). The proportion
of grade 3 or 4 serum AST/ALT increased was higher
in LDG than ODG (16.4% vs 5.3%, P < 0.001). Thus,
this trial has so far demonstrated that LDG performed
by the credentialed surgeons was at least as safe as
ODG in terms of adverse event and short-term clinical
outcomes. The primary analysis of the long-term
outcomes including overall survival and relapse-free
survival is planned in 2018™7,

KLASSO01

The Korean Laparoscopic Gastrointestinal Surgery
Study (KLASS) group 01 trial is another multicenter (13
institutions) RCT to confirm oncological safety of LDG
for EGC in comparison with ODGP***. The primary
endpoint of this study is 5-year overall survival.
Surgeons had to have performed at least 50 cases of
both LDG and ODG, and their institution should have
performed more than 80 cases of both LDG and ODG,
respectively. Between 2006 and 2010, 1416 patients
(705 LDGs and 711 ODGs) were enrolled. Regarding
short-term outcomes, LDG improved the overall
complication rate (LDG vs ODG, 13.0% vs 19.9%, P =
0.001), particularly wound complication (LDG vs ODG,
3.1% vs 7.7%, P < 0.001). The major intra-abdominal
complication (LDG vs ODG, 7.6% vs 10.3%, P = 0.095)
and mortality rates (LDG vs ODG, 0.6% vs 0.3%, P =
0.687) were similar between the groups. Thus, this
trial has so far demonstrated that LDG for patients
with clinical stage I GC was sufficiently safe and has
a benefit of lower occurrence of wound complication
compared with conventional ODG. The long-term
outcomes are being awaited.

Laparoscopic total gastrectomy for EGC

These multicenter prospective studies only cover
distal gastrectomy. At this moment, both JGCA
and JSES have commented that Laparoscopic total
gastrectomy (LTG) should be cautiously introduced
because of its technical difficulties in complicated
alimentary tract reconstruction as well as the LN
dissection at the splenic hilum or along the short
gastric arteries!***.. Since techniques for laparoscopic
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esophagojejunostomy has recently been established
among expert laparoscopic surgeons®**®!, JCOG
is planning a phase II study to determine the
safety of LTG with D1+ LN dissection for clinical
stage I disease™’. KLASS group has already been
conducting a similar phase 1I trial (KLASSO03) to
properly evaluate the perioperative morbidity and
mortality of LTG for EGC since 2012™7,

LG for AGC

Application of LG for AGC remains to be debated not
only because of the lack of evidence on long-term
outcomes, but also because of the technical difficulty in
performing complete D2 LN dissection and a concern
for the innate risk of cancer cell dissemination to the
peritoneal cavity®™'*""?*, Having said that, acceptable
short- and long-term outcomes of the LG for AGC have
been reported by a couple of experienced surgeons
including us®**!), Currently, large-scale multicenter
RCTs have been conducted in Japan (The Japanese
Laparoscopic Surgery Study Group, JLSSG 090114),
Korea (KLASS02!**!y, and China (The Chinese
Laparoscopic Gastrointestinal Surgery Study, CLASS
01" in order to determine the feasibility of LDG for
locally AGC (Table 1).

LG for AGC at our institute

History: Laparoscopic surgery was launched in
the early 90's in our country™®. At that time, most
laparoscopic surgeons applied laparoscopic surgery,
using its minimally invasive nature, to less extended
surgery™®). However, we assumed from the beginning
that laparoscopic surgery should be suitable for
meticulous LN dissection using laparoscopically
enhanced anatomy and reduced venous bleeding via
pneumoperitoneum irrespective of the limited range
of motion, poor depth perception, and limited tactile
sensation™*®, Then, we introduced laparoscopic
assistance into moderate to advanced GI surgery in
combination with a caudocranial and mediolateral
approach to overcome those limitations in 1995,
and developed techniques for LDG and LTG with D2
dissection for AGC, which were published for the first
time in the world™*®, Since then, we have performed
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Figure 1 Outermost layer of the autonomic nerve. Shown in the blue line, lies between the vascular sheath of the major arteries and the fat tissue including lymph
nodes. Appropriate tension given to this thin loose connective tissue layer generates sufficient space for safe, adequate and reproducible prophylactic lymph node
dissection along the major arteries. LN: Lymph node; N: Nerve; CHA: Common hepatic artery.
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Figure 2 XYZ-axis theory. The following three steps result in effective
probing of the outermost layer: (1) dissection of the serosal membrane on the
suprapancreatic border; (2) dissection of the fat tissue in the caudo-cranial
direction towards the zero point; and (3) dissection of the fat tissue bearing the
target LNs in the medio-lateral direction along the outermost layer on the XZ
and YZ axes. The outermost layer adjacent to the zero point should be exposed
during the 2 step.

more than 1500 LGs. At present, the standard type
of operation for curable GC at our institute is totally
laparoscopic D2 gastrectomy®™.
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Suprapancreatic lymph node dissection: Outermost-
layer oriented medial approach: D2 dissection
entails removal of the LNs in the suprapancreatic area
in distal and total gastrectomy!. Dissection of this
area is technically demanding due to the serious risk
of bleeding and/or pancreatic leakage derived from
a major vessel or organ injury’>>®, To improve the
safety, efficacy, and reproducibility of suprapancreatic
LN dissection, we developed our original methodology
called outermost layer-oriented medial approacht>",
In this approach, the thin loose connective tissue layer
between the autonomic nerve sheaths of the major
arteries and the adipose tissue bearing lymphatic tissue
is dissected™®*", We termed this layer as the outermost
layer of the autonomic nerve (Figure 1)*¢. To identify
this layer throughout the dissection process, we
developed an original surgical theory, “XYZ-axis” theory
(Figure 2), consisting of the following three steps:
(1) cut the serosal membrane on the suprapancreatic
border; (2) dissect suprapancreatic adipose tissue
caudocranially towards the junction of the three
arteries (zero point) to find the outermost layer; and
(3) dissect the target adipose tissue mediolaterally
along the outermost layer spreading on the XZ and
YZ axes. Using this theory, the outermost layer could
easily be found not only at the junction of left gastric,
common hepatic, and splenic arteries (Figure 3A), but
also at that of gastroduodenal, right gastroepiploic, and
anterior superior pancreaticoduodenal arteries (Figure
3B) and that of proper hepatic and right gastric arteries
(Figure 3C).
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Figure 3 Lymph node dissection along the outermost layer using the XYZ-
axis theory. A: No. 7 and 9 dissection, B: No. 6 dissection, C: No. 5 dissection.

LTG for AGC: Splenic hilar lymph node dissection:
According to the JGCA guidelines, D2 total gastrectomy
is recommended for advanced proximal GCP*;
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however, as mentioned before, D2 lymphadenectomy
combined with splenectomy or pancreaticosplenec-
tomy has been reported to increase morbidity and
mortality™>"*?, Therefore, the practical importance of
station 10 LN dissection and splenectomy in D2 total
gastrectomy is controversial®®,

We started totally LTG (TLTG) for AGC in 1997""! and
have established a stable and robust methodology,
including splenic hilar LN (SHLN) dissection, even
though LTG but not LDG has still been one of the
independent risk factors for postoperative complications
of LG™**Y, Regarding the extent of SHLN dissection,
D2 lymphadenectomy combined with distal pan-
creaticosplenectomy (D2 + PS) is performed in
patients with tumors infiltrating into the pancreatic
body or tail. D2 lymphadenectomy combined with
splenectomy (D2 + S) is performed in patients with
LN metastasis at the station 11 d or 10 or in those
with greater curvature invasion. Spleen-preserving D2
lymphadenectomy (D2-S) is performed in patients with
tumor depths cT = 3 without LN metastasis at the
station 11 d or 10, whereas D2 lymphadenectomy with
preservation of station 10 LNs and the spleen (D2-10)
is performed in patients without greater curvature
invasion and with tumor depths cT2 (Figure 4)*.

Regarding the operating procedures, additional
care to control the extent of SHLN dissection in TLTG
was given to: (1) the layer on the fusion fascia at
the infrapancreatic border of the pancreatic tail; (2)
the layer on the subretroperitoneal fascia on the left
diaphragmatic crus around the upper pole of the
spleen; and (3) the outermost layer of the splenic
artery. Using these layers, the aforementioned four
different types of SHLN dissection could easily be
performed. Procedural details are summarized in
our previous literature®®. In this previous study,
multivariate analysis revealed that operative time
was the only significant factor associated with
postoperative complications. Operative time, morbidity,
and pancreatic fistula increased with increasing extent
of SHLN dissection. Therefore, the extent of SHLN
dissection should be appropriately attenuated if this is
allowed by oncological factors. At present, according
to the latest JGCA guidelines™, complete clearance
of station 10 nodes by splenectomy should still be
considered for potentially curable T2-4 tumors invading
the greater curvature of the upper stomach. However,
in patients with T2-4/N0-2/M0 GC not invading the
greater curvature, the JCOG0110 trial demonstrated
that prophylactic splenectomy should be avoided to
improve operative safety and survival'>>®,

Intracorporeal anastomosis: To fully utilize the
advantages of LG, totally laparoscopic gastrectomy
with intracorporeal anastomosis is promising. We
have preferred intracorporeal anastomosis with linear
staplers because of its handy, quick visible, and
reproducible natures. In LDG, we have used delta-
shaped anastomosis for Billroth- I reconstruction®>%,
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Figure 4 Indication for splenic hilar lymph node dissection at FHU.

antiperistaltic side-to-side anastomosis for Billroth-II
reconstruction, and functional end to end anastomosis
for Roux-en-Y reconstruction™. In total gastrectomy,
we have used functional end to end anastomosis™®!
and overlap method™ for intraabdominal and intratho-
racic esophagojejunostomy, respectively. In proximal
gastrectomy, modified overlap method with no-knife
stapler has been used®”. The details on intracorporeal
anastomosis in LG are well summarized in the review
article by Hosogi et a/**”..

Outcomes: The short-term and long-term outcomes
of LG for AGC at our institute have been satisfactory
from both technical and oncological point of view (LG
vs OG: mortality, 1.1% vs 0%, P = 0.519; morbidity,
24.2% vs 28.5%, P = 0.402; 5-year disease free
survival, 65.8% vs 62.0%, P = 0.737; overall
survival, 68.1% vs 63.7%, P = 0.968). Details are
demonstrated in our previous reports™®*,
Robotic gastrectomy
In Japan, da Vinci S HD Surgical System received
approval by the Drugs, Cosmetics and Medical
Instruments Act in November, 2009. We introduced da
Vinci S to our institution in 2009 for the first time in
our county, and have been actively using this system
for operable patients with resectable upper GI cancer
who agreed to uninsured use of the robot!*®>*¢4,
According to the latest meta-analysis of robotic
gastrectomy (RG) vs LG, combining the findings from
previous observational studies with small sample
size, use of the robot significantly increased operative
time and cost, whereas there were no significant
differences in other short-term outcomes including
blood loss, number of dissected lymph nodes, surgical
margins, postoperative complications and duration
of hospital stay'®. The only large non-randomized
prospective study (NCT01309256), recently reported

Baishidenge ~ WJG | www.wjgnet.com

4631

from Korea, demonstrated similar outcomes'®. These
reports suggested that use of the robot might even
deteriorate the cost-effectiveness®>®?.. In other words,
the greatest issue around RG is a lack of clear benefits
of the robotic system which corroborate the longer
duration of operation and higher cost'®*, However,
most of the patients enrolled in these previous studies
had pathological stage I diseases, and these studies
failed to eliminate the learning effect or the selection
bias at least partly generated by more expensive
copayment in RG®*®*!, The impact of RG on long-term
outcomes has largely been unclear®®, Thus, the
advantages of RG for AGC conducted by fully-trained
robotic surgeons have never been clarified. In addition,
several reports have demonstrated the short learning
curve of RGI**®,

Since 2009, we have performed RG for more than
250 patients not only with EGC but with AGC. Then,
according to our retrospective analyses in comparison
with LG (EGC vs AGC, 57% vs 43%), RG reduced
morbidity down to one fifth including pancreatic
fistula, leading to further improvement in short-term
postoperative courses, although it slightly increased
blood loss and operative time®7%, Multivariate
analyses clearly demonstrated that conventional LG
(non-use of the surgical robot), total gastrectomy
(vs distal) and D2 lymphadenectomy (vs D1+) were
the significant independent risk factors determining
postoperative complications™*, Moreover, the greater
the extent of gastric resection and LN dissection,
the more effective the use of the robot™’. In terms
of long-term results, 3-year overall survival did not
change between RG and LGY*!. Not only oncological
factors including tumor size and clinical stage but
also surgical factors including pancreatic fistula were
found to be associated with three-year recurrence free
survival, indicating the oncological as well as surgical
importance of preventing pancreatic fistula”’?. These
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data suggest that the best indication for the use of
the robot might be RG for AGC with D2 dissection™*.
Thus, multi-institutional prospective studies conducted
by experienced robotic surgeons, in which considerable
number of patients with AGC are enrolled, should be
required to determine whether use of the robotic system
for AGC truly attenuates pancreatic fistula, possibly
leading to improvement in long-term outcomes”.

Since the beginning of October, 2014, we have been
conducting a multi-institutional single-arm prospective
study (UMIN000015388), which Japanese Ministery of
Health, Labor, and Welfare has recently approved for
Advanced Medical Technology (“senshiniryo”)""”. This
study was designed to determine the impact of the use
of the robot, for minimally invasive radical gastrectomy
to treat resectable GC, on short-term outcomes,
mainly focusing on postoperative complications, as
well as long-term outcomes and cost. The specific
hypothesis of this study was that the use of the robot
in patients with cStage I or II diseases reduces the
morbidity (Clavien-Dindo Classification Grade = I
3y of 6.4% in conventional LG down to 3.2%. The
sufficient sample size was calculated to be 330. All the
patients will be registered in 2 years after starting this
study and followed up for 3 years, thus the expected
study period should be 5 years in total. Interim
analyses will be done once the initial 220 cases are
registered. As of January 31, 2016, 122 patients from
5 institutions have been registered.

ESOPHAGEAL CANCER

History

Since 1992, when Cuschieri et al’* first reported
on VATS-E, many groups have described various
methods”>7®!, In Japan, Akaishi et al”™ first reported
on thoracoscopic total esophagectomy with en bloc
mediastinal lymphadenectomy in 1996. Kawahara et
al”® demonstrated the details of VATS-E with extended
lymphadenectomy in 1999, and Osugi et al®® clarified
the long-term outcomes of VATS-E. We performed
prone VATS-E with CO2 insufflation in 2006 for the
first time in our country™.,

Indication

The indication for VATS-E is relatively wider than
that for LG"%, VATS-E has currently been applied
up to locally advanced EC even after neoadjuvant
chemoradiotherapy™*®.. Only some conditions including
T4 tumor, severe intrathoracic adhesion, and one-lung
ventilation failure are considered to be excluded from
the indication for VATS-E!®7"#",

Left lateral decubitus vs prone position

Regarding the patient positions used for VATS-E,
similar to right transthoracic open esophagectomy
(OE), the left lateral decubitus position had been
mostly used*®, However, the prone position has
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increasingly been used recently?***%!, Prone VATS-E
is characterized by operating surgeon-friendly sense
of use brought by more ergonomic set up as well as
a drier operative field given by gravity in combination
with the positive intrathoracic pressure generated
by CO: insufflation'®, To enjoy these advantages of
the prone position as well as those of laparoscopic
horizontal magnified view with overcoming the
laparoscopic limited range of motion, we fully mobilize
the “meso-oesophagus”®! from lower up to upper
mediastinum prior to the LN dissection of station 106
recR, 106 recL+tbL, and 112 (Japanese Classification
of Esophageal Cancer, the 11" ed®) using the 6-trocar
system in the hemi-prone position (Figure 5).

Outcomes

To date, a number of single-institution studies have
demonstrated acceptable short-term outcomes of
VATS-E for thoracic EC regarding operative time,
blood loss and postoperative complications, which
are comparable with those of conventional OE™®Y,
According to a meta-analysis based on these small
case-control studies, VATS-E reduced blood loss,
total morbidity and respiratory complications, leading
to shorter intensive care unit and hospital stay in
comparison with OE®®*®%, In terms of long-term
outcomes, a limited number of case-control studies
have demonstrated the comparable results with
conventional OE®%®492 Therefore, to determine the
feasibility and beneficial effects of VATS-E, multicenter
prospective RCTs are warranted.

ECOG2202: The Eastern Cooperative Oncology Group
(ECOG) performed the first prospective phase 1I
multicenter trial (ECOG2202" ) to assess the feasibility
of VATS-E. A total of 110 patients were enrolled at
17 credentialed sites. The primary endpoint was 30-d
mortality. 30-d and perioperative mortality was 2.1%
and 2.9%, respectively. Grade 3 or 4 (CTCAE v3.0%"")
adverse effects occurred in 49.5% of the eligible 105
patients. Estimated 3-year overall survival was 58.4%
(95%CI: 47.7%-67.6%). These data suggested
that VATS-E was feasible and safe with acceptable
perioperative and oncological outcomes.

Traditional Invasive vs Minimally Invasive Esopha-
gectomy trial: Traditional Invasive vs Minimally
Invasive Esophagectomy (TIME) trial is the first
multicenter RCT comparing short-term outcomes of
prone VATS-E and those of OE, which was conducted
by a study group in Europe””*¥. In this study, 56 and
59 patients were randomly assigned to the OE and
the VATS-E group, respectively. As a result, VATS-E
reduced, intraoperative blood loss, postoperative
pain, postoperative pulmonary infection, and vocal
cord palsy, leading to reduced hospital stay and
improved postoperative QoL. No siginificant difference
was observed in mortality and the number of
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Assistant

surgeon 1
Operato

Assistant

surgeon 2

Figure 5 Setup for prone VATS-E at Fujita Health University. A: The patient in the hemi-prone position using the six-trocar system. 12 mm trocars are used except
for the trocar in the 5" intercostal space (ICS) behind the posterior axillary line; B: OR setup. s: Scapula angle line; p: Posterior axillary line; a: Anterior axillary line; 3:

391CS; 5: 5" ICS; 7: 7" ICS; 9: 9" ICS; O: Operating surgeon; AS: Assistant surgeon.

dissected lymph nodes. These findings suggested the
advantages of VATS-E over OE in terms of short-term
outcomes.

Robotic esophagectomy

The robotic esophagectomy has been less commonly
performed than robotic gastrectomy. Thus, the impact
of the use of DVSS on esophagectomy has been
assessed mostly in case-series with small sample
size™®?>'%1 various groups have reported on feasibility
and safety with good short-term outcomes in a wide-
range of approaches to esophagectomy!'®. Van der
Sluis et al™"! have reported sufficient oncological
long-term outcomes of robotic esophagectomy for
advanced esophageal cancer (5-year overall survival,
42%). Hernandez et al''® demonstrated that the
learning curve for a robotic-assisted procedure
appears to begin near proficiency after 20 cases
for surgeons experienced in conventional minimally
invasive approach. Further studies are warranted to
determine advantages and disadvantages of robotic
esophagectomy.

Since 2009, we have performed robotic radical
esophagectomy in the prone position for more than 40
patients. Then, compared to conventional MIS, robotic
approach significantly reduced incidence of vocal cord
palsy and hoarseness, suggesting that the use of
the robot, which promotes more accurate recurrent
laryngeal nerve identification and dissection®, should
reduce the chances of recurrent laryngeal nerve injury,
resulting in preserved laryngopharyngeal function™",

DISCUSSION

Although MIS for upper GI cancer has consistently
appeared to improve short-term outcomes and at
least preserve long-term outcomes, solid evidences
that verify feasibility of MIS and even superiority to
open surgery have still been lacking. Advantages and
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disadvantages of LDG for EGC and AGC over ODG will
soon be clarified after the ongoing multicenter RCTs
are concluded, however, those of LTG and VATS-E will
have been unclear for the time being.

One of the principal reasons why surgeons have
been attracted to MIS must be the laparoscopically
enhanced anatomy provided by the magnified vivid
image with high definition in combination with the
horizontal view. To fully utilize these advantages of
MIS, the disadvantages of MIS including limited range
of motion has to be overcome. We believe one of the
solutions may be the laparoscopic manipulation in the
caudocranial and/or mediolateral manner, and another
may be the use of the surgical robot as indicated in
our previous reportst 62323611,

We wish to further develop MIS for advanced
cancer and that requiring advanced skills by actively
utilizing novel technologies including the surgical robot,
based on the principles and methods grown through
conventional MIS and open surgeries.

In conclusion, technical advancements and deve-
lopment of endoscopic instruments will continue to
evolve MIS for upper GI cancer. The outcomes should
be validated in a scientific fashion.
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