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The 140 years' journey of gastric cancer surgery: From the two
hands of Billroth to the multiple hands of the robot
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After the initial achievement by Billroth in 1881, surgery for gastric cancer has be-
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tended surgery, with high morbidity. Therefore, the paradigm had been changed from
extended surgery to minimally invasive surgery (MIS). As an MIS for gastric cancer,
laparoscopic surgery has been considered a practical method. Initial laparoscopic
gastrectomy (LG) was first performed by Kitano in 1991. Thereafter, LG became in-
creasingly common. Several clinical trials demonstrated the noninferiority of LG to
open gastrectomy. LG is now regarded as the standard for cStage | gastric cancer, and
the indication is expanding to advanced cancer. However, LG has some drawbacks
owing to the restriction of movement caused by straight-shaped forceps. Robotic
gastrectomy (RG) is considered a major breakthrough to circumvent the drawbacks
in LG using articulated devices. However, the solid evidence demonstrating the ad-
vantage of RG has not been proved yet. The JCOG is now conducting a randomized
controlled trial to evaluate the superiority of RG to LG in terms of reducing morbidity.
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1 | INTRODUCTION failed to demonstrate its usefulness. After many twists and turns, D2

dissection is now regarded as the standard treatment for advanced

The basis of surgery for gastric cancer is gastrectomy and lymph gastric cancer.

node dissection. Initially, the effectiveness of extended surgery was On the other hand, the effectiveness of minimally invasive

shown to improve the therapeutic results; however, the attempts surgery (MIS) has been verified, and MIS is now positioned as
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the standard treatment for early gastric cancer. Furthermore,
in recent years the effectiveness of robotic surgery has been
confirmed.

Likewise, gastric cancer surgery has changed on the basis of the
results of clinical trials, and establishing a standard treatment based
on scientific evidence is extremely important for the future. The his-
tory of gastric cancer surgery is reviewed in this article.

2 | THE DAWN OF GASTRIC CANCER
SURGERY

The major history of gastric cancer is shown in Table 1. Since the
initial achievement by Billroth in 1881,* many surgeons have tried
to perform gastrectomy for gastric cancer. However, at that time,
as perioperative management such as general anesthesia and infec-
tious disease control had not been established, the mortality was
extremely high. The mortality rate reported by Billroth himself
from 1878 to 1890 was 55.2% (16/29 cases),? and that reported by
Billroth's progeny Mikulicz from Breslau University from 1882 to
1895 was 27.8% (5/18 cases).®

Thereafter, Mikulicz showed four patterns of progression in
gastric cancer, namely, local progression, lymphatic progression,
hematogenous progression, and peritoneal dissemination. Lymph
node dissection is extremely important to cure gastric cancer.* In
addition, the extent of resection had been expanded to improve the
curability of gastric cancer. Mikulicz reported the results of 30 pa-
tients who underwent combined resection of the pancreas for pan-
creatic invasion from gastric cancer in 1903.> Mikulicz had already
mentioned pancreatic fistula after pancreatic injury. The mortality
rate was 27.5% (25/91 patients) without pancreatic resection and
70% (21/30 patients) with pancreatic resection. The cause of death
was peritonitis in all 21 patients. Meanwhile, as the safety of surgery
had increased owing to the advances in anesthesia and other periop-
erative management, surgery for gastric cancer had been steered

toward extended surgery.

3 | DIRECTION TOWARD EXTENDED
SURGERY

In 1910, Groves, of the Bristol Hospital in the UK, proposed that
resection of the omentum (partially the omental bursa) was neces-
sary for a secure lymph node dissection,® after which omentectomy
and bursectomy became widespread worldwide. Brunschwig,” of
the Memorial Hospital for Cancer and Allied Diseases, New York,
reported the results of combined resection of the pancreas and
spleen for the purpose of lymph node dissection for gastric cancer.
Total gastrectomy with pancreato-splenectomy was performed in
14 patients. Only two patients died from surgery, and the safety was
confirmed.” Lahey, of the Lahey Clinic, Boston, recommended total
gastrectomy even for the lower part of gastric cancer because of the

concept that gastric cancer progresses through lymphatic vessels
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TABLE 1 Major history of gastric cancer surgery

West Japan
1881 Billroth succeeded in
gastrectomy
1897 Schlatter succeeded in
total gastrectomy
1897 Kondo succeeded in

gastrectomy

1903 Mikulicz-Radecki
performed
pancreatectomy

1905 Kitagawa succeeded
in total gastrectomy

1910 Grove proposed
bursectomy

1928 Miyake published
“gastric cancer”

1942 Kajitani proposed
extended dissection

1948 Brunschwig performed
pancreatosplenectomy

1950 Lahey proposed total
gastrectomy for EGC

1953 Appleby proposed the
Appleby operation

1960 Lawrence denied
extended surgery

1962 JGCA was founded

Trends for limited
surgery

The Japanese
classification was
published

1990 The MRC and Dutch

trials were started

1991 Kitano performed
laparoscopic
gastrectomy

1995  JCOG9501 and
JCOG9502 were
started

2001 JCOGO0110 was
started

2002  Hashizume
performed robotic
gastrectomy

2009 JCOGO0912 was
started

2010 Results of the 15-year
follow-up of the Dutch
trial were published

2019  JCOG1907 was
started

in the stomach wall.® The surgical mortality rate was reduced from
34.6% to 9.4% in the latter stage, and the 5-year survival rate was as

high as 12.5%, which was a sufficient result at that time.
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Year

Trial

D1vs D2

400 Stage I-11I

UK

1999
1999
2006
2008
2017

MRC STO1

D1vs D2

Adenocarcinoma, MO

711
503
523

Netherlands

Dutch D1/D2
JCOG9502

Superiority

Abdominal vs left thoraco-abdominal

Esophageal invasion 23 cm, MO

T2b-4, MO, CYO

Japan

-
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17

Negative
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Superiority

D2 vs D2 + PAND

Japan

JCOG9501
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19
21

Positive

oS
oS

Noninferiority

Splenectomy vs spleen preservation

T2-4, MO, CYO, w/o GC invasion

503
T3-4, MO

Japan

JCOGO0110
JCO1001
KLASSO1
JCO0912
CLASSO1
KALSS02

Negative

Superiority

Omentectomy vs bursectomy

ODG vs LDG

1204
1416
921

Japan

2018

27
26

Positive

oS

RFS
DFS
RFS

Noninferiority

cStage |

Korea

2019

Positive

Noninferiority

ODG vs LDG

cStage |

Japan
China

2020
2019

30
31

ODGvs LDG Noninferiority Positive

cStage ll-Iva

1056

Positive

Noninferiority

ODG vs LDG

cStage ll-lva

1050
96

2020 Korea

34

Positive

Extent of LN
dissection

Noninferiority

OTG vs LTG after NAC

T1-3,NO-1, Mo

2020 Netherlands

STOMACH

DFS, disease-free survival; LDG, laparoscopic distal gastrectomy; LN, lymph node; LTG, laparoscopic total gastrectomy; NAC, neoadjuvant chemotherapy; ODG, open distal gastrectomy; OS, overall

survival; OTG, open total gastrectomy; PAND, para-aortic lymph node dissection; RFS, relapse-free survival.

Appleby9 surgery is the ultimate extended surgery. Mikulicz-
Radecki had already emphasized the importance of suprapancre-
atic lymph node dissection in gastric cancer at the beginning of the
20th century. To secure the suprapancreatic lymph node dissection,
Appleby, from Vancouver, Canada, proposed the so-called Appleby
operation, in which the celiac artery is ligated at the root.” The
operation was performed in 13 patients, and operative mortality
occurred in only one patient, which suggests the safety of the pro-
cedure. Thereby, extended surgery has been actively performed for

gastric cancer, mainly in the US.

4 | TURNING POINT

Lawrence and McNeer'® of the Memorial Center for Cancer and
Allied Diseases, New York, compared the results of extended sur-
gery since 1951 (total gastrectomy, pancreatosplenectomy, and ex-
tensive omental resection) with those of previously performed distal
gastrectomy. They reported no significant difference in survival.l°
Later, from the theory that lymph node metastasis is an indicator of
systemic disease!® and the results of a randomized controlled trial
that proved that lymph node dissection did not improve survival,'?
systematic lymph node dissection has not been used in breast can-
cer. Gastric cancer is thought to have similar biological characteris-
tics, and systematic lymph node dissection has gradually ceased in
Europe and the US.

In Japan, lymph node metastasis was considered a local disease,
and surgical removal of the regional lymph node was believed to
lead to improvement of treatment results. In 1962, the Japanese
Research Society for Gastric Cancer was established, and the
Japanese Classification for Gastric Cancer was published. Lymph
nodes were numbered,'® and the national registration was also
started. As data have shown the importance of lymph node dissec-
tion and the treatment results have demonstrated the effectiveness
of extended dissection, surgery has become increasingly expanded.
Even para-aortic lymph nodes are considered the target of dissec-
tion, and some specialized institutions have reported better survival
due to para-aortic lymph node dissection.* In these periods, a huge

discrepancy existed between Japan and the Western countries.

5 | CLINICAL TRIALS FOR GASTRIC
CANCER SURGERY AND ESTABLISHMENT
OF A STANDARD TREATMENT

The major clinical trials conducted for gastric cancer are shown in
Table 2. In the 1980s, two randomized controlled trials were con-
ducted in Europe to verify the effectiveness of Japanese-style D2
lymph node dissection. One was the Medical Research Council STO1
trial conducted in the UK,'® and the other was the Dutch trial con-
ducted in the Netherlands.'® Although large differences in quality
assurance exist between the trials, the results were generally com-

parable, with a high rate of postoperative complications and surgical
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deaths in the D2 group, and no additional survival effect of D2.
Therefore, in the latter half of the 1990s, D1 dissection was posi-
tioned as the standard treatment in Europe and the US.

On the contrary, local control with lymph node dissection was
believed to increase the curability of cancer in Japan, so clinical trials
were planned to establish the evidence of extended surgery. The
JCOG9501 study, planned by the Japan Clinical Oncology Group
(JCOG), was designed to validate the superiority of prophylactic
para-aortic lymph node dissection to conventional D2 dissection in
advanced gastric cancer. As a result, the superiority of para-aortic
lymph node dissection was not proved, and the significance of pro-
phylactic para-aortic lymph node dissection was denied.?” This result
parallels that of a recently published ovarian cancer trial investigat-
ing the role of prophylactic para-aortic lymph node dissection.'® The
survival benefit of prophylactic pelvic and para-aortic lymph node
dissection has not been proven yet. It has been speculated that the
high incidence of morbidity and reoperation rate may have contrib-
uted to the negative results obtained in that study.

Since then, D2 dissection has been regarded as the standard
treatment for advanced gastric cancer in Japan. At this period, D1
dissection was the standard treatment in the West, and D2 dissec-
tion was the standard in Japan and other Asian countries. This situ-
ation, in which the standard surgery was different between the East
and the West, continued for a while.

However, the publication of the 15-year follow-up results of the
Dutch trial in 2010 proved the significance of D2 dissection in terms
of long-term results.'? In addition, the safety of D2 dissection in sev-
eral specialized centers in Europe has also been demonstrated. Thus,
combined with the efficacy and safety report, D2 dissection has
been regarded as a standard for advanced gastric cancer in Europe
and the US.

At this point, the difference between the West and the East was
only splenectomy. In Western countries, splenectomy was not per-
formed unless direct infiltration into the spleen or pancreas was ob-
served, because splenectomy increases postoperative complications
and mortality. On the other hand, splenectomy has been considered
essential for complete dissection of the splenic hilum lymph nodes
in Japan. The JCOG0110 was conducted to confirm the noninferi-
ority of spleen preservation to splenectomy in upper gastric can-
cers without greater curvature invasion.? The survival was similar
in both groups, and the noninferiority of spleen preservation was
confirmed. On the basis of the results of this trial, spleen preserva-
tion has been regarded as the standard surgery in Japan. After the
release of the results of the trial, D2 dissection without splenectomy
has been considered the world standard. However, whether sple-
nectomy is needed for proximal tumors with greater curvature inva-
sion remains an unanswered question. Several retrospective studies
have suggested the relevance of splenectomy in proximal tumors
with greater curvature invasion.?"?2 Additionally, the effectiveness
of splenic hilar lymph node dissection with spleen preservation has
been reported.?® This procedure appears to be attractive not only
from a safety perspective but also because of the oncological bene-

fits. JCOG is now conducting a phase Il trial evaluating the safety of
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laparoscopic splenic hilar lymph node dissection (UMINOO0037580),
and it is expected that this issue will be resolved in the near future.

6 | CLINICAL TRIALS CONDUCTED BY THE
JCOG

In addition to the above-mentioned trials, the JCOG conducted
several large-scale surgical clinical trials for advanced gastric can-
cer. JCOG9502 was conducted to validate the superiority of the left
thoracoabdominal approach to the abdominal-transhiatal approach
for gastric cancer with esophageal invasion <3 cm.?* In the 1990s,
curability was believed to improve by intensive dissection of the
lower mediastinal lymph node via the left thoracoabdominal ap-
proach for gastric cancer with esophageal invasion. However, the
study was terminated because of the futility at the second interim
analysis, and the result was revealed. Unexpectedly, the left thora-
coabdominal approach demonstrated a relatively poorer survival
than the abdominal-transhiatal approach. On the basis of the results,
the abdominal-transhiatal approach has become the standard treat-
ment for gastric cancer with esophageal invasion <3 cm.

Another pivotal clinical trial was JCOG1001.%° For advanced gas-
tric cancer with positive serosal invasion, gastrectomy with omento-
bursectomy had long been regarded as the standard in Japan.
However, since the middle 1990s, omentectomy alone without bur-
sectomy has become increasingly common on the basis of the small
clinical and translational studies. Meanwhile, the results of the clini-
cal trial suggesting the usefulness of omento-bursectomy were pub-
lished by a clinical trial group led by Osaka University. Therefore, the
JCOG conducted a phase lll trial to verify the superiority of omento-
bursectomy to omentectomy, which was regarded as the standard at
that time. This study was also terminated at the second interim anal-
ysis because of futility and the results were revealed. The superiority
of omento-bursectomy was not demonstrated.

Considering these two trials, as well as the aforementioned
JCOG9501 and JCOGO0110 trials, the superiority of extended sur-
gery has not been confirmed. Although mortality was extremely
low in either trial, an increase in the postoperative complication
rate was observed in the extended surgery group in all the studies.
Postoperative complications have been reported to be an indepen-
dent prognostic factor in gastric cancer.??” We speculated that a
survival benefit cannot be obtained by highly invasive surgery with
high morbidity. By a curious coincidence, the contradiction of ex-
tended surgery reported by the US in the 1960s was proved more
scientifically after 50 years. Since then, the paradigm had shifted
from extended surgery to MIS, the establishment of a standard sur-

gery, and the development of perioperative chemotherapy (Figure 1).

7 | LAPAROSCOPIC SURGERY

Laparoscopic gastrectomy (LG) has been developed as a practical

method for MIS for gastric cancer. The world's first LG was reported by
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Kitano in 1991.28 Since then, LG has become common worldwide with
the advancement in surgical instruments such as the video system, for-
ceps, and energy devices. However, owing to the technically demanding
procedure using long linear forceps, confirming the safety and oncologi-
cal tolerability took time. At first, the evidence was established through
clinical trials only for early gastric cancer, for which the degree of lymph
node dissection is limited and handling the stomach is easy.

The JCOG conducted a phase Il clinical trial in patients with cStage
| gastric cancer who underwent distal gastrectomy (DG) to investigate
the safety of LG in JCOG0703.2’ The primary endpoints were the in-
cidence of anastomotic leakage and pancreatic fistula. A total of 176
patients were enrolled, and the incidence of anastomotic leakage and
pancreatic fistula were both extremely low, at 1.7%. The null hypoth-
esis was rejected. On the basis of the results, the JCOG conducted a
phase lll trial to verify the noninferiority of laparoscopic distal gas-
trectomy (LDG) to open distal gastrectomy (ODG) for cStage | gastric
cancer in JCOG0912.%° The noninferiority of LDG was confirmed in
terms of relapse-free survival, and laparoscopic surgery became one
of the standard treatments in DG for cStage | gastric cancer. A similar
noninferiority trial was conducted in South Korea (KLASSO1), which
also demonstrates the noninferiority of LDG to ODG.%! In addition,
the JCOG conducted a single-arm confirmatory phase lll trial to ver-
ify the safety of laparoscopic total gastrectomy (LTG) and laparo-
scopic proximal gastrectomy (LPG) to expand the indications for LG in
JCOG1401.%? As the survival of patients with cStage | gastric cancer
was good and the extent of lymph node dissection may not signifi-
cantly differ between DG and TG for cStage | gastric cancer, which
would have a significant impact on prognosis, the results of JCOG0912
could be extrapolated for survival results once the safety of TG and
PG was confirmed. Thus, a single-arm confirmatory phase Ill trial was
planned. A total of 245 patients were enrolled, and the incidence of
anastomotic leakage at the esophago-jejunostomy site, which was
the primary endpoint, was extremely low, at 2.4%. It was significantly
lower than the prespecified threshold of 8%, and the null hypothe-
sis was rejected. The safety of LTG and LPG was verified. Similarly, a
phase Il study evaluating the safety of LTG was conducted in Korea
(KLASS-03), demonstrating the safety of LTG.%® From these results,
LTG and LPG for cStage | have also become standard treatments.

On the other hand, LG for advanced gastric cancer has been con-
sidered to require further examination from the viewpoints of tumor
handling, accuracy of D2 lymph node dissection, and safety. Phase
Il clinical trials were conducted in Japan, South Korea, and China
to examine the noninferiority of LDG to ODG for advanced gastric
cancer.>*%% The result of the primary analysis was first reported in
the CLASSOL1 trial performed in China, which proved the noninferi-
ority of LDG to ODG. Noninferiority was confirmed using the point
estimation of 3-year relapse-free survival.3* Next, the results of the
KLASSO2 study in Korea were reported, and the noninferiority of
LDG was also proved.®® The results of the JLSSG study in Japan will
be reported in 2021,%¢ and these results may allow laparoscopic sur-
gery for advanced gastric cancer as the standard treatment.

A phase Il clinical trial investigating the usefulness of LG was

also planned in Europe. The LOGICA trial was designed to verify the

Survival benefit can not be obtained by
highly invasive extended surgery with
high morbidity

L

Minimally Establishment|| Perioperative
Invasive of a standard || chemotherapy
Surgery operation

FIGURE 1 Paradigm shift for gastric cancer surgery

superiority of LG over open gastrectomy in terms of hospital stay,*’
and the STOMACH trial is a noninferiority study comparing the ex-
tent of lymph node dissection in LTG over open total gastrectomy
after neoadjuvant chemotherapy. The results of the STOMACH
trial have already been published, and no significant difference was
observed between the two groups regarding the number of lymph
node dissections, which is a primary endpoint.>® From the results of
these studies, LG is expected to be regarded as the standard treat-
ment even in Europe and the US in the future.

Although laparoscopic surgery has become increasingly common
worldwide, it is still technically demanding and requires acquisition of
a certain level of skill to perform it. In Japan, a cohort study using data
from the National Clinical Database, which is a nationwide registry
system, is being conducted to evaluate the safety of LG in compari-
son with that of open gastrectomy in clinical practice. A total of four
prospective and retrospective trials were conducted for DG and TG,
respectively.39'42 Surprisingly, laparoscopic surgery has been reported
to have a higher incidence of postoperative complications than open
surgery. A retrospective comparison of TG reported that the incidence
of anastomotic leakage was significantly higher in LTG than in OTG.*!
The incidence of pancreatic fistula has also been reported to be sig-
nificantly higher in LDG than in ODG in both retrospective and pro-
spective studies.®?*° This is probably owing partly to the compression
of the pancreas during suprapancreatic lymph node dissection using
straight-shaped forceps. Circumvention of the restriction of movement
is a major issue in laparoscopic surgery. Another important issue with
LG is the learning curve. Even among the technically certified physi-
cians of the Japanese Society of Endoscopic Surgery, which is the only
credited system for laparoscopic surgery in the world, the pass rate is
in the 20% range, and the acquisition of LG techniques is considerably
difficult, which cannot be denied. These points are the problems that

must be solved by laparoscopic surgery.

8 | ROBOTIC GASTRECTOMY

In recent years, robot-assisted or robotic gastrectomy (RG) has
been highlighted as an MIS for gastric cancer. RG overcomes the

above-mentioned major drawbacks of LG by using forceps with
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an articulation of 7 degrees of freedom, a high-resolution three-
dimensional camera, and a motion scale, and by preventing hand
movement. With regard to gastric cancer, the first robot-assisted
case (robot-assisted DG) was reported in 2002 by Hashizume et al*®
and updated by Kakeji et al in 2006.* Since then, with the spread
of the da Vinci surgical system (DVSS), RG has become increasingly
more common worldwide.

Several reports of meta-analyses have compared RG and LG.*>™%
RG has been reported to show a prolonged operation time and a
slightly smaller amount of blood loss; however, no reports have sug-
gested the absolute advantage of RG. In the report from Japan, the
safety of RG was evaluated in single-arm clinical phase Il studies,*84?
and one report indicated that RG had fewer complications by com-
paring RG and LG.>° No such report has been made by countries
other than Japan. A recent meta-analysis from Italy has reported
that robotic surgery excels in short-term results, but all the under-
lying articles are from Japan.®! In a multicenter prospective cohort
study conducted in Japan, the postoperative complication rates
were reported to be reduced to less than half in RG as compared
with laparoscopic surgery as the historical control.>?

While in Korea a multicenter prospective nonrandomized control
study was conducted with 434 patients who underwent RG or LG.%3
No significant difference was observed between RG (n = 223) and
LG (n = 211) in the incidence of postoperative complications (11.9%
vs 10.3%), and the mortality rate was 0% in both groups. However,
the operative time was approximately 40 minutes longer and the
cost of surgery was approximately 5000 USD higher in RG than
in LG. Thus, the authors concluded that RG has no advantage that
counterbalances the time and cost disadvantages.

A single-center randomized controlled trial recently reported
in China has not shown the usefulness of RG over LG in short-term
results.>* The slight differences in the content of surgery between
Japan and other countries are undeniable, but it is significant to
show the reduction of postoperative complication rates as proof
of the usefulness of RG. The JCOG is currently conducting a mul-
ticenter prospective randomized phase Ill trial to validate the su-
periority of RG in terms of reducing the morbidity in JCOG1907
(UMINO00039825). The primary endpoint is the incidence of intra-
abdominal infectious complications, and the sample size is 1040

cases. This trial will reveal the real benefit of RG.

9 | FUTURE PROSPECTS

In the future, endoscopic surgery is expected to be used for more
complicated surgical procedures and to improve prognosis by mini-
mizing surgical invasiveness, even in highly advanced stages of gas-
tric cancer. Furthermore, the introduction of artificial intelligence is
expected to help in the development of new surgical procedures. It
can be said with some certainty that endoscopic surgery will play a
leading role in gastric cancer therapy in the near future. Evidence
based on clinical studies must be urgently established to facilitate

such advances in endoscopic surgery.
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In addition, the efficacy of perioperative chemotherapy has
remarkably progressed these days.>>>® Immuno-checkpoint inhibi-
tors were also introduced in the perioperative treatment for gastric
cancer. With the progress of systemic chemotherapy, conversion
therapy is becoming more and more common.®’ It has become some-
times possible to curatively resect a tumor that was thought to be
unresectable before treatment. The indication and procedure of sur-
gical treatment for advanced gastric cancer may drastically change
in the future.
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