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Abstract

Gastric cancer is the fifth malignancy and the third cause of cancer death worldwide, according to the global cancer statistics
presented in 2018. Its definition and staging have been revised in the eight edition of the AJCC/TNM classification, which
took effect in 2018. Novel molecular classifications for GC have been recently established and the process of translating
these classifications into clinical practice is ongoing. The cornerstone of GC treatment is surgical, in a context of multimodal
therapy. Surgical treatment is being standardized, and is evolving according to new anatomical concepts and to the recent
technological developments. This is leading to a massive improvement in the use of mini-invasive techniques. Mini-invasive
techniques aim to be equivalent to open surgery from an oncologic point of view, with better short-term outcomes. The
persecution of better short-term outcomes also includes the optimization of the perioperative management, which is being
implemented on large scale according to the enhanced recovery after surgery principles. In the era of precision medicine,
multimodal treatment is also evolving. The long-time-awaited results of many trials investigating the role for preoperative
and postoperative management have been published, changing the clinical practice. Novel investigations focused both on
traditional chemotherapeutic regimens and targeted therapies are currently ongoing. Modern platforms increase the possibil-
ity for further standardization of the different treatments, promote the use of big data and open new possibilities for surgical
learning. This systematic review in two parts assesses all the current updates in GC treatment.
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Introduction

Gastric cancer (GC), as the fifth most frequent malignancy
and the third leading cause of cancer death [1], represents
a major social and health issue globally. The curative treat-
ment for non-early gastric cancer (> Stage Ia) is mainly
surgical, in a context of multimodal strategy developed to
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optimize its prognosis. The improvement of the survival
outcomes is currently being persecuted through the integra-
tion of efforts in many fields: pathological, surgical, and
multimodal. In 2018, the eight edition of the AJCC-TNM
staging system took effect [2]. Contemporary, after many
years of standard schemes for classification and unmodi-
fied guidelines for treatment, new discoveries in the field
of genetics, surgery and targeted therapies were presented.
These discoveries are opening new courses for research, and
are progressively being integrated in the treatment protocols
[3—11]. Most of the translational improvements are conse-
quential to the establishment of the genomic classifications
and molecular characterization of GC [3, 4]. There has been
an increasing attention toward implementing the surgical
technique on the base of anatomy and the natural history of
disease [10, 12-18], aided by new technologies [19]. Lastly,
the Western standard for perioperative chemotherapy has
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recently changed [20], and is further evolving to integrate
the new discoveries on prognostic and predictive factors
[21-23]. Other multimodal strategies, as the use of radio-
therapy and the role for HIPEC, are still debated [8, 24-31].
In this systematic review, we synthesize the current surgical
oncology evidences for the treatment of GC. In part 2, we
summarize the updates relative to perioperative manage-
ment, to different multimodal treatments (chemotherapy,
chemoradiotherapy, targeted therapies, regional therapies),
to the use of new technologies, including enhancers of the
surgical performance and Al-based strategies, and to the
standardization of the surgical treatment and of the surgical
training.

Methods

This systematic review of the literature was conducted with
the following method:

— A preliminary screening of the abstract book of the 2019
International Gastric Cancer Congress (8—11 May 2019,
Prague, Czech Republic) was conducted to identify the
most relevant and timely topics relative to the treatment
of GC.

— According to the results, a search was conducted on
Pubmed and clinicaltrials.gov. The search on PubMed
was limited to articles published between 2017 and
2019. The search for this review (Part 1) was conducted
for the following terms associated to the terms “gas-
tric cancer” and/or “gastrectomy”: “ERAS protocol”,
“ERAS”, “fast-track”, “ERAS guidelines”, “nasogastric
tube”, “NG tube”, “abdominal drain”, “early feeding”
“neoadjuvant therapy”, “preoperative therapy”, “adju-
vant chemotherapy”, “postoperative chemotherapy”,
“chemoradiotherapy”, “HIPEC”, “intraperitoneal chem-
otherapy”, “peritoneal carcinomatosis”, “conversion
therapy”, “conversion surgery”, “extranodal metastasis”,
“NIPS”, “bimodal chemotherapy”, “new technologies”,
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“indocyanine green”, “near infrared imaging”, “sentinel
node”, “image-guided surgery”, “artificial intelligence”,
“machine learning”, “deep learning”, “support vector
machine”, “learning curve”, “standardization”, “high-
volume”, “hospital-volume”.

— The abstract was screened by two authors (AA and AB)
and the articles selected from the abstract were evaluated
in full text.

— After evaluation of the full text, the articles were selected
according to their included according to their levels of
evidence (with maximal priority given to randomized
controlled trials (RCTs), meta-analyses and guidelines,
followed by high-quality observational studies), their

timeliness and their innovativeness in influencing the

G
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treatment of GC. Ongoing clinical trials were selected
according to relevance, sample size (preferentially > 100
patients) and phase of the study (preferentially phase III,
followed by phase II).

— The reference list of the articles evaluated in full text was
screened for any other relevant article.

— Articles published before 2017 were included only if rel-
evant to the establishment of the current evidence.

Perioperative management: ERAS protocol
applied to gastrectomy

Enhanced recovery after surgery (ERAS) protocols consist
of a bundle of recommended perioperative management
strategies that have the aim to promote patients’ postopera-
tive recovery by reduction of the surgical stress response
and organ dysfunction. The ERAS society (www.erassociet
y.org) is a scientific society born in 2001 to develop research
around the ERAS protocol and produce international guide-
lines for perioperative protocols in different fields of sur-
gery. The ERAS guidelines on gastrectomy were published
in 2014 [32]. They are divided into two parts, the “general”
enhanced recovery items and the “procedure-specific” guide-
lines, focused on the need to balance the ERAS measures
and the gastrectomy-specific associated risks. After 2014,
the application of the ERAS guidelines has been investigated
by various studies that compared patients managed with the
ERAS protocol with patients managed with standard periop-
erative protocols. The main points of controversy have been
the safety of the ERAS protocol in terms of complications
and readmission, administration of preoperative nutrition,
need for a nasogastric/nasojejunal (NG/NJ) decompression
tube, early oral feeding, positioning of drains in light of the
risk of lymphatic fistulas/pancreatic leaks and indications
for laparoscopic surgery.

The safety and effectiveness of the ERAS gastrectomy
protocol have been investigated in various recent RCTs and
meta-analyses. In a Japanese 2017 RCT, patients managed
with the ERAS protocols had shorter postoperative stay,
increased postoperative physical activity, lower rate of post-
operative complications of grade III or higher and reduced
costs of hospitalization [33]. A Chinese RCT investigated
the feasibility and safety of laparoscopic radical gastrectomy
within ERAS programs. This trial confirmed a shorter return
to normal diet, time to the first defecation and postopera-
tive stay, without significant differences in postoperative
complications and C-reactive protein levels. The results
of a recent small Chinese RCT, conducted on 60 patients
undergoing radical gastrectomy, reported that the ERAS
protocol leads to faster recovery and shorter postoperative
hospital stay when compared with the standard protocol,
with shorter time to first flatus, defecation and resumption of
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the oral feeding, and lower rate of postoperative complica-
tions. These authors also documented higher postoperative
serum albumin and pre-albumin, IGM, IgG, T-lymphocytes
and lower postoperative C-reactive protein and neutrophil
count [34]. Another RCT recently investigated the feasibility
and safety of laparoscopic radical gastrectomy within ERAS
programs in locally advanced gastric cancer patients (T2-4,
any N, MO) In this study, the time to return to normal diet
the first defecation and postoperative stay were significantly
shorter in the ERAS group, and the protocol was safe and
feasible [35]. A recent Korean RCT tested the safety of the
ERAS protocol in the perioperative management of total
laparoscopic distal gastrectomy. Its results documented that
the ERAS protocol was safe and that the ERAS arm had a
faster recovery time and significantly less pain through post-
operative days 1-4, without any difference in complications,
mortality and readmission [36]. The results of recent meta-
analyses consistently report reduced length of postoperative
stay, reduced cost associated with the application of ERAS
protocols and no effect on postoperative complications, but
there was no accordion on the rate of readmission. Indeed,
Ding et al. reported shorter time to first flatus, reduced levels
of C-reaction protein and interleukin-6, reduced postopera-
tive stay and reduced costs for ERAS, but an increased read-
mission rates for ERAS patients [37]. Wang et al. reported
that ERAS protocols significantly decreased the length of
postoperative stay and the medical costs, the time to first
flatus and defecation, the serum inflammatory response, and
increased short-term quality of life (QOL). No difference
was observed in the rate of total complications and > grade
III complications, apart from the incidence of pulmonary
infection that was significantly reduced in ERAS patients.
However, the readmission rate after GC surgery nearly tri-
pled in the ERAS arm [38]. Liu et al. found a shorter post-
operative hospital stay, an earlier first flatus, lower level of
postoperative C-reactive protein (CRP) and cost reduction
for ERAS patients. No effect on postoperative complications
was observed [39]. Two authors focused on the outcomes
of ERAS in patients undergoing laparoscopic gastrectomy,
detecting shorter postoperative stay and minor costs for
patients in the ERAS arm, but no significant difference in
time to first flatus [40], complication rate [40, 41] or rate
of readmission rate [41]. The most recent and largest meta-
nalysis of RCT (14 studies) and high-quality prospective
(6 studies) and retrospective (3 studies) studies from Wee
et al. alongside the good results in terms of reduction of the
hospital stay and costs and of the reduction in the return
of the gut function, noticed no significant impact of ERAS
on postoperative complications and confirmed a significant
highest rate of 30 days readmission in the ERAS group [42].

Preoperative artificial nutrition is not recommended
in the ERAS guidelines (very low evidence) except for
severely malnourished patients [32]. In 2017, a Chinese

prospective study confirmed that the group of patients
with malnourishment, when compared to well-nourished
patients, is a subgroup at significant risk of incision infec-
tion and with significantly lower 3-year OS and DFS rates.
In the group of malnourished patients, the correction of
preoperative hypoproteinemia led to a significant reduction
in incision infection in all patients and a significant effect
on OS and DFS in stage II-III patients [43].

Decompression by NG/NIJ tubes is strongly discouraged
by the ERAS guidelines (high evidence) [32]. One Japa-
nese RCT published in 2017 documented no significant
difference in the rate of complications between patients
undergoing 1-day NG tube decompression after distal
gastrectomy, and a greater physical discomfort in patients
with the NG tube [44]. A 2015 meta-analysis investigating
postoperative outcomes in patients with or without NG/NJ
tube decompression, stratified by the type of gastrectomy
or gastrojejunostomy, found no significant differences in
postoperative complications in the NG/NJ tube group. The
no-NG/NJ group displayed a significantly shorter time to
oral diet and shorter end of hospital stay [45].

The positioning of drains is also discouraged in ERAS
guidelines (high evidence) [32]. In 2015, an updated meta-
analysis of RCTs from the Cochrane Collaboration did not
find any significant difference between the drain and no-
drain group in mortality, re-operations, morbidity, anas-
tomotic leak rate or initiation of soft diet. Moreover, the
addition of a drain prolonged the operation time and the
post-operative hospital stay, even if the difference was sig-
nificant only for patients undergoing subtotal gastrectomy
after the subgroup analysis. However, the level of evidence
for this topic was defined between low and very low, and
only four RCTs were included [46].

The ERAS guidelines promote early oral feeding
after gastrectomy (moderate evidence) [32]. In 2018, a
Japanese RCT investigated patients undergoing early or
delayed oral feeding following distal and total gastrectomy.
While the TG group showed advantages in the length of
postoperative stay, this subgroup did not reach the target
sample size. Patients in the distal gastrectomy group had
no shorter postoperative stay, and they showed a greater
incidence of postoperative complications [47]. A recently
reported Chinese RC T (SOFTY-1) compared patients
undergoing total laparoscopic radical gastrectomy receiv-
ing early or delayed oral feeding. The results reported a
significantly lower postoperative stay in the early feeding
group and no significant differences in morbidity between
groups [48]. In 2019, a systematic review of RCTs assess-
ing the evidence of safety and benefits of early oral feeding
after gastrectomy in patients with gastric cancer was pub-
lished. Early oral feeding was associated with decreased
length of hospital stay time to first flatus, without increas-
ing the postoperative complication risk [49].
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The ERAS guidelines also suggest the use of laparoscopic
surgery, with respect to the current indication for oncologi-
cal surgery [32]. Accordingly, laparoscopic distal gastrec-
tomy is progressively becoming the standard treatment for
early gastric cancer; while, results for advanced GC are still
awaited and, therefore, the recommendation could not be
extended so far [50].

No mention of the ERAS guidelines is present in the cur-
rent Western or Korean guidelines. In the latest Japanese
guidelines, some recommendation on the early removal of
the NG/NJ tube and the early feeding have been introduced
[10]. This is probably due to the fact that the specific evi-
dence for some of the items of the ERAS protocol is some-
what controversial. Moreover, it is still unclear how all the
reported evidences are related to distal or to total gastrec-
tomy. A last matter of concern for the full application of the
ERAS protocol in the Western setting is that most of the
recent trials validating the ERAS protocol were conducted
in Eastern countries [49, 50]. Active RCTs bond to clarify
some of the current issues are the Japanese NCT03079596
(ERAS Protocol after Laparoscopic Total Gastrectomy and
Proximal Gastrectomy) and the Chinese NCT03160924
(Impact of ERAS Program on Clinical Immunological Out-
comes for Minimally-invasive Gastrectomy).

In conclusion, the number of high-quality studies report-
ing on the application of the different ERAS items is still
scant. The recent publication of the guidelines, united to
some resistance to the full application of the items of the
ERAS protocol in the different centers, seems the principal
limit [41]. The ERAS protocol proved benefits overall, as the
reduction in the time of bowel recovery, and a reduction in
postoperative complications, in the postoperative stay and
in the medical costs. However, there were some reports of
increased readmission rates after the application of the pro-
tocol. Further high-quality studies and RCTs are needed to
clarify the safety issues and validate the previous results.

Multimodal therapies

5a) Neoadjuvant/preoperative therapy: In Western coun-
tries, the standard treatment for advanced gastric cancer is
multimodal, including perioperative therapy in adjunct to
radical surgery [51, 52]. The recommendation for periop-
erative chemotherapy mostly derives from previous trials
(the MAGIC and FNCLCC/FFCD 9703 trials), that com-
pared patients undergoing NAD (with epirubicin—cispl-
atin—fluorouracil, ECF, and cisplatin—fluorouracil, respec-
tively) and patients undergoing upfront surgery, detecting
an overall survival benefit in patients undergoing the
NAD protocols. The results of these trials, however, are
still controversial, as they included many patients with
gastroesophageal junction tumors and patients treated
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by inadequate surgery (DO and D1 lymphadenectomy)
[53-55]. In particular, concern has been raised for the
treatment strategy of patients with GC subtypes that are
poorly responsive to conventional chemotherapy regimens,
in particular the signet ring cell subtype and the MSI
subtype [56, 57]. A French phase II/III multicenter trial
evaluating the efficacy of NAD with ECF in resectable
SRC gastric cancer is currently ongoing (NCT01717924).
The recent phase II/II FLOT4 trial compared NAD with
ECF/ECX to NAD with the triplet fluorouracil-oxalipl-
atin—docetaxel (FLOT) in gastroesophageal cancer and
GC resectable patients. In 2016, the results of the phase
II part of the FLOT#4 trial were published, reporting that
the FLOT regimen was superior to ECF/ECX in terms of
complete pathological regression [58]. In 2019, the results
of the phase III part of the FLOT4 trial were reported. The
FLOT regimen significantly increased the resection rate
after NAD, the overall survival and the disease-free sur-
vival with acceptable toxicity [59]. Since the publishing of
its results, the FLOT regimen became the new therapeutic
standard for perioperative chemotherapy. To note, in the
FLOT4 trial, the comparison arm did not include patients
undergoing upfront surgery (the trial compared the FLOT
and ECF regimens). The subgroup analysis of the trial
documented a significant advantage in survival only for
the intestinal histotype (Tables 1, 2 and 3).

In Eastern countries, the evidence for resectable GC cur-
rently favors the performance of upfront D2 gastrectomy
followed by adjuvant therapy [11, 60]. However, the role
of NAD is being investigated, as the prognosis for stage I11
gastric cancer is considered unsatisfactory even after D2
gastrectomy and adjuvant chemotherapy [60]. Results from
the Japanese phase Il COMPASS trial showed a 10% rate of
complete pathologic response after NAD with four cycles of
S1/cisplatin or paclitaxel/cisplatin regimens in patients with
resectable GC [61] and the long-term results of this trial
reported a 3-year survival of > 60% [62]. Instead, the phase
IIT JCOGO501, specifically conducted on the population of
patients with type III/IV Borrmann GC, did not demonstrate
a significant survival benefit for the adjunction of NAD with
S1/cisplatin when compared to upfront surgery followed by
S1 adjuvant chemotherapy [63]. A subgroup analysis of this
trial reported that a survival advantage was present only in
patients with an non-signet ring histology [64]. The phase III
NAGISA trial JCOG1509) trial is evaluating the efficacy of
NAD with S1/oxaliplatin followed by adjuvant S1, compared
to adjuvant S1 alone or S1 plus docetaxel in ¢cT3-4N1-3MO
gastric cancer [65]. In Korea, a phase II trial of NAD doc-
etaxel-oxaliplatin—S1 (DOS) followed by surgery and adju-
vant S1 in cStage II/III GC patients reported a 97.6% RO
resection rate and a 90% 2-year disease-free survival [66].
The phase III PRODIGY trial (NCT01515748) is comparing
NAD DOS with upfront surgery for patients with cStage 11/
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IIT GC [67]. The recruitment of PRODIGY is completed,
and its long-term results are expected in 2022.

The results of a phase III RCT investigating the role of
NAD chemoradiotherapy versus upfront surgery in the treat-
ment of resectable esophageal or EGJ cancer (CROSS trial)
were presented in 2015 [68]. Patients treated with CRT had
a higher RO resection rate than patients treated with surgery
alone and 29% of patients showed a pathological complete
response (23% in patients with adenocarcinoma and 49%
in patients with squamous cell carcinoma). A doubling of
the median overall survival was observed in patients treated
with NAD chemoradiotherapy (24 months vs. 49.9 months,
p=0.003). Based on the results of this trial, NAD chemo-
radiotherapy became the preferred approach for localized
adenocarcinoma of the EGJ (Siewert I and II) in the United
States [8]. The TOPGEAR trial is currently comparing two
groups of patients with gastric and gastroesophageal carci-
noma, one treated with NAD ECF followed by chemoradia-
tion and another treated with NAD ECF. The interim results
were reported in 2017. Patients undergoing NAD chemo-
radiotherapy and chemotherapy had a NAD therapy com-
pletion rate of 98% (chemoradiation group) and 93% (ECF
group) and an adjuvant therapy completion rate of 53 and
65%, respectively. Patients proceeding to surgery were 85%
in the chemoradiation group and 90% in the ECF group. The
complication rate was similar [69]. Both the ICORG 10-14/
NeoAegis and ESOPEC trials are comparing patients with
esophageal and esophagogastric adenocarcinoma undergo-
ing NAD chemotherapy according to the MAGIC (NeoAe-
gis) or the FLOT (ESOPEC) protocol vs. chemoradiotherapy
according to the CROSS protocol, with survival as the main
outcomes [70, 71]. The CRITICS 1II trial is a three-arm phase
II RCT testing the safety and feasibility of (1) NAD chemo-
therapy followed by surgery versus (2) NAD chemotherapy
and subsequent chemoradiotherapy followed by surgery
versus (3) NAD chemoradiotherapy followed by surgery, in
resectable gastric cancer [72].

Even for the administration of NAD chemoradiotherapy,
there are some evidences of the reduced sensitivity of cer-
tain GC subtypes. Indeed, some studies reported a worse
response to preoperative chemoradiotherapy in patients
with esophagogastric tumors with a SRC phenotype and
a reduced response in patients with localized GC with a
greater proportion of SRCs [31].

5b) Adjuvant/Postoperative therapy: The role for adjuvant
chemotherapy after gastrectomy has been investigated in the
Eastern CLASSIC, Japanese ACTS-GC and the JACCRO
GC-07 trials. The CLASSIC trial (2012) investigated the
administration of postoperative capecitabine plus oxaliplatin
after D2 gastrectomy [73]. The ACTS-GC (2007) investi-
gated the administration of S1 monotherapy after D2 gas-
trectomy [74]. The JACCRO GC-07 compared postoperative

S1 plus docetaxel to S1 alone in patients with stage III GC.
Its interim results were recently reported (2019), demon-
strating a survival advantage for the combination regimen
[75]. Following these results, in Korea, S1 or adjuvant
capecitabine plus oxaliplatin (XELOX) after curative D2
gastrectomy is considered the standard of treatment, while in
Japan, S1 postoperative chemotherapy is the standard adju-
vant treatment for stage II patients and S1 plus docetaxel
the standard adjuvant therapy for stage III patients [10, 11].

The survival benefit of postoperative chemoradiotherapy
over observation alone after < D2 lymph node dissection was
demonstrated in the US INT-0116 trial [76]. In the 10-year
update of the INT-0116 trial, the survival benefit was con-
firmed in almost all subgroups, except for diffuse cancers
[77]. Instead, the Korean phase III ARTIST trial showed
that adjuvant chemoradiotherapy was ineffective after stand-
ard D2 lymph node dissection [78]. However, in accordance
with the update of the INT-0116 trial, the subgroup analy-
sis of the ARTIST trial documented a survival benefit for
adjuvant chemoradiotherapy in intestinal and pN1-3 patients
[78]. For this reason, the phase III ARTIST II trial is cur-
rently investigating the role of adjuvant S1 versus S1/oxali-
platin vs chemoradiotherapy in node-positive patients (and
the Lauren histotype has been included in the randomization
criteria). The interim results of the ARTIST II trial were
reported in 2019, documenting no safety concerns for all
the adjuvant treatments proposed [79]. The recent European
phase III CRITICS trial, which randomized between NAD
chemotherapy and gastrectomy followed by post-operative
chemotherapy or post-operative chemoradiotherapy, dem-
onstrated no survival benefit from adding radiotherapy to
perioperative chemotherapy after D1+ or D2 lymph node
dissection. This trial also documented a high rate (>40%)
of grade 3—4 adverse events during postoperative treatment
in both arms, and concluded that future studies should focus
on optimizing preoperative treatment strategies [80].

In Western countries, according to the ESMO guidelines,
patients undergoing upfront surgery should be considered for
the administration of adjuvant chemoradiotherapy in addi-
tion to adjuvant chemotherapy [8, 9]. In the NCCN guide-
lines, the standard postoperative regimen after < D2 gastrec-
tomy is postoperative chemoradiotherapy and the standard
after D2 lymphadenectomy is XELOX chemotherapy [8]. In
the Korean guidelines, the adjunct of chemoradiotherapy is a
possible addition to postoperative chemotherapy, especially
in patients with node-positive disease, and is strongly sug-
gested for patients with less than D2 lymphadenectomy [11].

5¢) Conversion surgery: conversion surgery describes “a
surgical treatment aiming at an RO resection after chem-
otherapy for tumors that were originally unresectable or
marginally resectable for technical and/or oncological
reasons”. In the original proposal for conversion surgery,
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this treatment was considered feasible only for patients
with hepatic or extraregional nodal metastases, excluding
patients with peritoneal carcinomatosis [81]. In Japan, most
studies on conversion surgery focused on the treatment of
extensive node metastases (ELM). In particular, the phase
II JCOGO0405 investigated the role of preoperative chemo-
therapy with S1 plus cisplatin followed by radical surgery
in patients with ELM, reporting a RO resection rate of 82%
and a 3-year survival rate of 59% [82]. Instead, the phase
II JCOG1002 investigated the addition of docetaxel to the
S1 plus cisplatin regimen, but the response rate and long-
term survival benefits were not satisfactory [83]. A phase
IT trial (JCOG1704) investigating the preoperative triplet
docetaxel-oxaliplatin—S1 in patients with ELM is being
planned [84]. In Europe, conversion therapy was investigated
in the phase I FLOTS3 trial. This trial stratified patients with
operable (MO) patients, limited metastatic disease (distant
nodes, <5 liver lesions, no visible carcinomatosis), or
extensive metastatic disease. All patients received periop-
erative FLOT. Patients with limited metastatic disease who
received NAD chemotherapy and proceeded to surgery (60%
of patients with limited disease and 15% of the entire study
population) had better survival than patients not undergo-
ing gastrectomy (median OS 31.3 months vs 15.9 months)
[85]. Based on these results, the ongoing Phase III RENAIS-
SANCE/FLOTS trial aims to evaluate the effects of upfront
chemotherapy with 4 cycles of FLOT/FLOT + Trastuzumab
followed by randomization to undergo (1) curative gastrec-
tomy/esophagectomy and resection of metastatic lesions or
local ablation procedure versus (2) chemotherapy prosecu-
tion, in the limited metastatic setting [21].

5d) Molecular therapy: available molecular drugs currently
approved for the treatment of GC are trastuzumab, ramu-
cirumab, regorafenib, pembrolizumab and nivolumab.

The use of Trastuzumab (anti-HER?2 antibody) as a first-
line agent for HER2 positive patients in the metastatic or
recurrent setting is approved worldwide after the results of
the ToGa trial [5]. Instead, its use in the neoadjuvant setting
for HER2 + patients is being investigated in the three-arm
phase II INNOVATION trial (standard preoperative CT vs.
preoperative CT plus trastuzumab vs. preoperative CT plus
trastuzumab and pertuzumab-a HER dimerization inhibitor)
[86]. In the conversion setting, the phase II JCOG1301 trial
is comparing S1 plus cisplatin plus trastuzumab to S1 plus
cisplatin alone for patients with HER2 + GC with ELM [87].

The VEGF-A inhibitor Bevacizumab has no current role
in the treatment of GC, after the non-significant results in
the neoadjuvant (UK Medical Research Council ST03 [88])
and palliative first-line (AVAGAST and AVATAR trials [89,
90]) settings.

The use of ramucirumab (anti-VEGFR?2 antibody) in the
second-line setting, alone or in combination with weekly
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paclitaxel, was associated with increased overall survival
in the REGARD and the RAINBOW trials, respectively [6,
7]. In the neoadjuvant setting, ramucirumab is being inves-
tigated in the RAMSES/FLOT?7 study that compares FLOT
vs. FLOT/Ramucirumab for Perioperative Therapy of Gas-
tric or GEJ Cancer (RAMSES) [22].

Regorafenib, an oral multi-tyrosine kinase inhibitor,
demonstrated increased progression-free survival in first-
line resistant GC in the phase II INTEGRATE trial [91].
It is currently being evaluated in the randomized phase III
trial INTEGRATE II (NCT02773524; arm 1: regorafenib,
arm 2: placebo).

The PD1-PDL1 immune checkpoint inhibitors (anti-
PD1 antibodies) pembrolizumab and nivolumab have been
recently investigated in the third-line setting in the cohort 1
of the phase II KEYNOTE-059 trial (pembrolizumab) and
in the phase III ATTRACTION-2 trial (nivolumab vs. pla-
cebo) [92]. Results of the cohort 1 of the KEYNOTE-059
trial documented a Response Evaluation Criteria in Solid
Tumors version 1.1 (RECIST) objective response rate of
11.6% (30/259 patients), with a complete response in 2.3%
(6/259 patients). The median response duration (absence of
progressive disease) was 8.4 months. The objective response
rate and response duration were comparable in PDL1-posi-
tive and -negative patients, but PDL1-positive patients had
a [93]. Results of the ATTRACTION-2 trial documented
a significant increase in median overall survival in the
nivolumab arm. The post hoc subgroup analysis did not
document a significant difference in survival between PDL1-
positive and PDL1-negative patients [94]. Pembrolizumab
was investigated in the second-line setting in the phase
III KEYNOTE-061 trial (pembrolizumab vs. paclitaxel in
patients with PDL.1 CPS > 1). In this trial, the difference in
overall survival between the two arms was not significant
(one-sided p=0-0421) but pembrolizumab showed a bet-
ter safety profile [95]. Pembrolizumab was investigated in
the first-line setting in the cohorts 2 and 3 (cohort 2—com-
bination therapy of pembrolizumab, cisplatin and 5-fluo-
rouracil or capecitabine, cohort 3—monotherapy) of the
KEYNOTE-0509 trial. The results demonstrated a RECIST
objective response rate of 60.0% and 25.8% in cohorts 2
and 3, respectively [96]. In the adjuvant setting, the role of
nivolumab is currently being investigated in the phase III
ATTRACTION-5 (NCTO03006705) trial, comparing S1 or
XELOX plus either nivolumab or placebo in patients with
pStage III G/EGIJ cancer after D2 or > D2 lymphadenectomy.
In the neoadjuvant setting, the role of pembrolizumab in
adjunct to perioperative therapy is being investigated in
the phase III KEYNOTE-585 (NCT03221426) trial, which
compares preoperative cisplatin plus 5-FU or S1 or FLOT
plus pembrolizumab (arm 1) or cisplatin plus 5-FU or S1
or FLOT plus placebo (arm 2) in patients with resectable
GC [23].
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In the ESMO guidelines, the use of ramucirumab is cur-
rently approved as a second-line treatment in metastatic or
recurrent GC [9]. In the NCCN guidelines, ramucirumab
is approved in the second-line setting, the use of pembroli-
zumab is approved in the second-line setting in patients
with MSI/dAMMR and in the third-line setting in patient
with CPS >1 [8]. In the Korean and Japanese guidelines,
ramucirumab is the second-line standard of treatment and
nivolumab is the drug of choice in the third-line setting [10,
11].

5e) Regional therapies: regional therapies including intra-
peritoneal chemotherapy have been considered in the pro-
phylactic, cytoreductive or conversion setting due to the
specific tropism of GC to the peritoneum, which sometimes
is its exclusive route of diffusion [24].

In the prophylactic setting, previous Western RCTs did
not prove a benefit for HIPEC [24-26], while some prom-
ising results were detected in Japanese RCTs [27, 28]. It
was advocated that the negative results of the Western
RCTs were due to inappropriate selection of included
patients [24]. However, a recent meta-analysis including
mostly Eastern RCTs failed to prove a significant role of
prophylactic HIPEC in increasing survival and diminish-
ing the risk of peritoneal recurrence in the RCT arm, even
if a tendency toward significance was documented [97]. A
recently reported Chinese randomized case—control study
showed a significantly higher 3-year DFS rate (93 vs 65%)
and lower peritoneal recurrence rate (23 vs 3%) for prophy-
lactic HIPEC versus standard resection [98]. In Europe, the
GASTRICHIP trial, a phase III multicenter RCT, is cur-
rently testing the survival benefit of HIPEC as an adjunct
to perioperative therapy and D1/D2 gastrectomy in stage
[I-IV patients GC at high risk of peritoneal diffusion (GC
involving the serosa and/or with lymph node involvement
and/or with positive cytology) [99]. The recently registered
GOETH trial (NCT03917173) will evaluate the survival
benefit of CO, HIPEC as an adjunct to surgery in stage II-IV
patients with high risk of PC (¢T3—4 or N+ perforation or
positive cytology) [100].

HIPEC has been investigated in the cytoreductive setting
as well. Two phase II trials investigating HIPEC in adjunct
to gastrectomy in patients with limited peritoneal stage IV
disease are currently ongoing in the US (NCT02891447 and
NCT03092518). In Europe, the phase I-II trial PERISCOPE
I evaluated the safety and feasibility of a procedure combin-
ing gastrectomy, cytoreductive surgery (CRS) and HIPEC
with oxaliplatin followed by docetaxel. Its results were
reported in 2018 and confirmed the safety and feasibility
of the intraperitoneal administration of these drugs, com-
bined with a stringent post-operative care protocol [101].
The Phase III RCT PERISCOPE 1I is currently ongoing
[102]. PERISCOPE II aims to compare the administration

of palliative systemic chemotherapy only versus gastrec-
tomy, CRS and HIPEC after neoadjuvant chemotherapy in
patients with Stage IV disease limited to the peritoneum
(with positive cytology or limited peritoneal disease—
PCI< 7). The GASTRIPEC trial (NCT02158988) is compar-
ing CRS +HIPEC with CRS alone in patients with gastric
cancer and synchronous peritoneal carcinomatosis undergo-
ing perioperative chemotherapy. In Korea, a phase Ib/II trial
on upfront CRS + HIPEC is ongoing (NCT02995850).

Finally, HIPEC has been investigated in the setting of
conversion surgery. In the US, Badgwell et al. conducted
a phase II trial to investigate laparoscopic HIPEC as an
adjunct to chemotherapy in 19 stage IV patients (with
positive cytology or occult peritoneal carcinomatosis).
They reported that the procedure was safe, feasible, and
repeatable and that patients had median OS of 20.3 months
[103]. A following paper from the same group reported that
laparoscopic HIPEC allowed for conversion surgery in 11
(25%) of 44 stage IV cases after negativization of the posi-
tive cytology [104]. In Japan, a specific form of regional
conversion therapy is the Neoadjuvant Intraperitoneal and
Systemic bimodal chemotherapy (NIPS) proposed by Yone-
mura et al. since 2006 [105]. This group recently reported
a complete cytoreduction rate of 57.4% after laparoscopic
HIPEC + NIPS followed by CRS and HIPEC in stage IV
patients. In this study, patients undergoing this combined
treatment had a median survival of 19.2 months and a 2-year
survival rate of 41% [106].

So far, the Korean, the ESMO or the NCCN guidelines
do not consider the use of CRS and/or HIPEC in the multi-
modal treatment of GC outside of clinical trials [8, 9, 11].
In the novel Japanese guidelines, there is consideration
for cytoreductive HIPEC or NIPS in patients with positive
cytology or peritoneal micrometastasis. Bimodal chemo-
therapy (intraperitoneal and systemic) is also considered in
the palliative setting [10, 107].

In conclusion, the indications for the administration of the
different multimodal treatments, according to the GC pres-
entation and stage, are expanding. Patients who were once
exclusive candidates to palliative chemotherapy are now
considered for induction treatment and, possibly, conver-
sion surgery. The most feared type of GC recurrence, peri-
toneal carcinomatosis, may be preventable and is currently
considered for surgical approach in selected cases. Many
GC treatments are available on different fronts (systemic,
locoregional), even though our capacity of characterizing
GC in terms of sensitivity to the different treatments and
in terms of biological behaviour is still limited. In the next
years, the development of studies based on molecular signa-
tures is expected to allow for the refinement of the strategies
for the administration of the different targeted treatments in
the neoadjuvant, adjuvant, palliative and conversion setting
(Tables 4 and 5).
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New technologies, data-driven-based
research and educational updates

a) New surgical technologies

In the last years, thanks to the technological advances,
augmented-reality and image-guided surgery have become
new instruments of the precision surgery approach in
abdominal surgery. Many augmented-reality and image-
guided surgery strategies aiming to enhance the surgical
performance are being developed, even if most still have
to find a definite practical application and clear indications
[19, 108]. The use of 3D imaging, thanks to its new tech-
nological developments, has gained attention as a possible
instrument for GC surgery. Recently, the results of a phase
IIT RCT (NCT02327481) comparing the operative times
and the safety and efficacy of 3D laparoscopic gastrectomy
versus 2D laparoscopic surgery were reported. No differ-
ences between the two groups regarding the operation
time was detected. The intraoperative blood loss in the 3D
group was slightly less than in the 2D group (61 +83 mL
vs. 82+ 119 mL, p=0.045). The costs of the two types of
operations were comparable [109].

Thus far, the most relevant surgical technology that
has found a widespread practical use in the treatment of
GC is the use of near infrared imaging (NIR) after injec-
tion of indocyanine green (ICG). NIR imaging allows
the visualization of fluorescence in the NIR wavelength
(700-1000 nm), thanks to the use of excitation light
sources and devoted filters. Specific laparoscopic systems
for NIR imaging are commercially available and NIR
imaging can be integrated in the robotic platforms. ICG is
a fluorophore emitting 800-840 nm of light. It can be used
as a vital dye and be observed by the naked eye, but is bet-
ter visualized with NIR imaging systems, allowing for the
visualization of the biliary tract, the anatomic segments

of the liver, the perfusion of the tissues and the lymphatic
anatomy [19, 110]. In GC surgery, NIR is mainly applied
as a navigation tool for tumor localization, and sentinel or
radical lymph node dissection (Fig. 1). Indeed, the perti-
tumoral injection of ICG, performed one day before or at
the time of surgery, allows to identify the location of the
tumor, its lymphatic drainage and the anatomy of its drain-
ing lymph nodes [19].

The use of ICG as a tracer for sentinel node detection has
been investigated by many Eastern studies. In 2018, one Jap-
anese study investigated the ICG method as a safer alterna-
tive to the radioisotope method in aiding sentinel node detec-
tion. Results reported safety and high efficacy of ICG-guided
sentinel node dissection (92% of “radioisotopic hot nodes”
were removed with this technique) [111]. A 2018 systematic
review and meta-analysis investigated the diagnostic value
of NIR- and ICG-guided GC sentinel lymph node mapping.
Thirteen clinical studies (evaluating 971 patients) were
included. The results indicated high sensitivity, specific-
ity and accuracy for the ICG sentinel node method: 0.94
(95% CI 0.80-0.99), 1.00 (95% CI 0.60-1.00) and a ROC
area under the curve (AUC) of 1.00 (95% CI 0.99-1.00),
respectively [112]. The SENORITA trial (NCT01804998)
is the only phase III RCT active on this topic. This study
has a non-inferiority design, is conducted on patients with
TINOMO GC <3 cm, and compares the survival outcomes
of patients undergoing laparoscopic stomach-preserving sur-
gery with sentinel node dissection vs standard surgery (with
D1 +dissection) [113].

Another application for NIR plus ICG is the lymph node
mapping during radical surgery for advanced GC. In 2017,
a pilot study on the use of ICG during robotic gastrectomy
was published. Its results reported no significant differ-
ence between patients undergoing robotic gastrectomy with
(n=14) or without (n=635) ICG regarding the operative
time, the total number of retrieved nodes and the operative
blood loss. However, the ICG group had a greater number

Fig. 1 Image-guided surgery by indocyanine lymphography during D2 gastrectomy. s stomach, p pancreas, cha common hepatic artery, no. 3
nodes of the 3 station, no. 1/p nodes of the 11p station, no. 7 nodes of the 7 station
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of nodes retrieved at the greater curvature side of the low
body (station 4d) and at the infrapyloric region (station 6)
[114]. In 2018, the results of another feasibility study were
reported. In this study, the removal of ICG-stained tissues
not included in the preliminary dissection (D1 +/D2) in
patients undergoing laparoscopic pylorus preserving gas-
trectomy and laparoscopic distal gastrectomy allowed for the
removal of extra nodes from station 6 [115]. The results of a
Korean prospective single-arm study were recently reported.
This study followed prospectively 40 patients undergoing
robotic radical gastrectomy and conducted a propensity-
score matching analysis pairing this group with an histori-
cal control. The results reported the safety and feasibility
of ICG injection, and a greater mean number lymph nodes
retrieved in the ICG group (48.9 vs 35.2; p<0.001), due
in particular to a greater number of station 2, 6, 7, 8, and
9 nodes [116]. Last, the result of a recent European pro-
pensity score-matched study comparing 37 patients under-
going robotic gastrectomy with ICG lymph node mapping
versus 37 patients undergoing robotic gastrectomy without
ICG confirmed the better outcome of ICG in terms of node
retrieval, reporting a higher mean total number of harvested
nodes in the ICG group (50.8 vs 40.1, p=0.03) [117]. Ongo-
ing trials investigating the role for ICG in lymph node map-
ping are the prospective trial Fluorescence Image-Guided
Lymphadenectomy in Robotic Gastrectomy (IG-MIG)
(NCT03931044) and the phase II RCT Indocyanine Green
Tracer Using in Laparoscopic Gastrectomy with Lymph
Node Dissection (ICGTinLG) (NCT03050879).

Fig.2 Data-driven technologies

Data
Science

Other applications for ICT-guided surgery are being
investigated. One preliminary study investigated the role
for intravenous ICG in identifying the infra-pyloric artery,
detecting an overall positive predictive value (PPV) of 80%
for this technique [118]. Another study reported on the use
of intravenous ICG to detect possible ischemia at the anasto-
mosis sites. In this study, the anastomotic vascular perfusion
was assessed with an intraoperative score of fluorescence
activity. The technique was feasible, but the few complica-
tions occurred (1 leak, 1 stenosis) did not relate with the
ICG score [119].

b) Large-scale databases, big data
and artificial-intelligence (Al)-based research

With the rapidly expanding volume of health data collec-
tion, it is foreseen that a new chapter of oncologic research
will be based on data-driven strategies, including the col-
lection of Big Data and the application of Al-based ana-
lytic strategies (Fig. 2) [120, 121]. Thus far, the analysis of
a large, multicentric dataset of 25,000 patients conducted
by Sano et al. [122] by conventional statistics leads to the
substantial changes of the stage grouping in the 8th edition
of the TNM. However, contemporary, a machine-learning
analysis of another large dataset from six continents from
the Worldwide Esophageal Cancer Collaboration (WECC)
led to the development of the new classification for tumors
of the esophagus and esophagogastric junction [123]. Many
National and International Datasets collecting information

Data Driven Technologies

Support
Vector
Networks

Machine
Learning

Deep
Learning

Data Mining
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on the epidemiology and prognosis of GC patients exist [1,
124, 125] and worldwide, the development of comprehen-
sive datasets and biobanks is ongoing [126—128].

“Big data” have been defined in many way, among which
“data sets that are so large or complex that traditional data
sets processing applications are inadequate” [129]. The use
of Big Data Analysis is extremely appealing and has many
potential advantages in oncology. Apart from the intuitive
advantages of having a large sample size, Big Data analysis
has also the advantage of including patients who are often
under-represented in RCTs. Contrarily, possible disadvan-
tages are represented by data validity, missing data, incom-
plete data capture due to the unavailability of diagnosis
codes for certain clinical situations, and by the regulation
of individual privacy [130]. Many of the techniques used
to manage and analyze Big Data are derived from Al-based
methods, which are capable of dealing with large amount of
data. Al-based methods include machine-learning methods,
namely, Al techniques that use statistical methods to enable
machines to improve with experience. Machine learning
methods, in turn, include support-vector machine (SVM)
networks, namely, supervised learning models with associ-
ated learning algorithms that analyze data used for classifi-
cation and regression analysis, and deep learning methods,
namely, a subset of machine-learning methods that make
the computation of multi-neural network feasible [129].
Due to the nature of big data and the possible residual and/
or unmeasured confounding after machine-learning-based
analytics, studies using these approaches usually require an
accurate study design, the use of various statistical adjust-
ment methods and the use of supervised Al-learning activity
[129, 130].

The use of Al has been recently applied to the detection
of early gastric cancer in endoscopic images. Indeed, a
Japanese group developed a deep learning convolutional
neural network (CNN) that could automatically detect gas-
tric cancer in endoscopic images [131]. A second Korean
study validated an Al-based algorithm demonstrating its
superior sensitivity in detecting upper gastrointestinal can-
cers compared to that of non-expert endoscopists [132].
A Chinese group developed and validated a deep learning
algorithm for determining EGC invasion depth. The model
demonstrated 76% sensitivity and 96% specificity in iden-
tifying “SM2 or deeper” cancers and achieved significantly
higher performance than that of the endoscopists [133]. A
further application of deep learning CNNs was tested for
the histopathological classification of GC, finding a sat-
isfactory overall classification accuracy of 0.6990 (ROC
AUC) [134]. Other studies have focused on increasing
the possibility of cancer prediction, developing machine-
learning methods able to identify the best biomarkers
for GC cancer individuation [135-137]. Moreover, new
insights on the origin and progression of GC have been

given, thanks to Al-based methods that were employed
to scan the whole genome of 212 gastric cancer tumors
in a Singapore Institute. This analysis identified new can-
cer-associated mutation hotspots located throughout the
genome, providing evidence that mutations in the non-
coding DNA may cause cancer by altering the 3D genome
structure [138].

Another field of research is represented by the improve-
ment of the current prognostic and predictive models. In
2017, results of a Korean study comparing a prognostic
model created with a deep learning strategy showed a bet-
ter performance than a prognostic model developed using
Cox regression [139]. In 2018, another Korean study dem-
onstrated that a deep learning survival recurrent network
(SRN) had a ROC AUC of 0.81 at 5 years from gastrec-
tomy and was more powerful in predicting the survival
rates of GC patients than the TNM staging [140]. Last, a
SVM prediction model was used to identify genes related
with GC recurrence, defining a 65-gene classifier that was
able to recognize high and low risk of recurrence GC cases
with high sensitivity and specificity [141]. Radiomics has
been defined as a specific type of data mining, that extract
and analyzes quantitative image features from medical
imaging in order to improve the clinical decision making
[142]. Most of the recent radiomic studies use machine-
learning statistical techniques for analysis. In 2019, the
results of a study testing the performance of a model that
stratified a radiomic signature and significant clinicopatho-
logical risk factors (T stage, N stage, and differentiation)
reported significant prognostic superiority of this model
over a clinical nomogram alone. The model showed a
remarkable consistency between predicted and actual sur-
vival [143]. Other radiomic studies used SVM models to
identify preoperatively an adverse pathological status for
GC that demonstrated a greater correlation with progno-
sis than the TNMS8 [144], and to identify the presence of
lymph node metastases with a model that performed sig-
nificantly better than the radiologists [145]. Another study
tested the performance of machine learning-based clinical
decision-support models for predicting the extent of lym-
phadenectomy (D1 vs. D2) in local advanced GC, obtain-
ing a 0.965 area under the ROC curve and an overtreat-
ment reduction going from 21.7% (121/557) treating all
patients with D2 dissection, to 0.7-0.9% (4-5/557) using
the machine-learning approach [146]. In the predictive set-
ting, machine-learning strategies have been used to predict
the efficacy of adjuvant therapy in certain categories of
patients based on their pathologic and immunopathologi-
cal characteristics [147, 148]. Preliminary studies have
also focused on identifying factors associated with the
efficacy of neoadjuvant therapy [149] and on identifying
new targetable biomarkers for molecular therapy [150].
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¢) Standardization of GC surgery and educational
aspects

Quality assurance has being regarded as the current main
challenge for surgeons [152]. The standardization of the
surgical treatments is being advocated in surgical oncology,
due to the poor quality of the surgical RCTs and to the fact
the unstandardized surgical practices have a high risk of dis-
torting the results of the RCTs, especially those focusing on
neoadjuvant and adjuvant therapy (as occurred in the first
trials on multimodal therapy in GC [53, 54]). Quality assur-
ance is being promoted by many international initiatives,
the most recent of which has been the inauguration of the
new platform SURGCARE, a collaborative project between
the European Society of Surgical Oncology (ESSO) and the
Japanese Clinical Oncology Group (JCOG) [151, 152]. In
GC, due to the increasing specific evidences and to the shift
towards precision medicine (and precision surgery dictated)
by trial results and new guidelines [10], the standardization
of GC treatment and the establishment of a standard exper-
tise level have been advocated. This request include the mul-
timodal aspects of therapy, the surgical technical expertise,
with special attention for the application of mini-invasive
techniques, the surgical management in a broader sense,
including the performance of ex vivo lymph node dissec-
tion, the establishment of a registry of complications and of
medical database inclusive of follow-up [153]. Most studies
have reported reduced morbidity and mortality and better
oncological outcomes in high-volume centers; however, the
results are still controversial, especially in regards of the
effect of the hospital versus the surgeon volume [154-157].

Reports on the number of cases needed for a surgeon to
reach the plateau of the learning curve for radical gastrec-
tomy have been discordant, ranging from 15 to 100 pro-
cedures in previous studies and including heterogeneous
reports in terms of type of the learning curve (based on
complications, operative time or oncologic survival) [158,
159]. In particular, in 2016, a multicenter Korean study con-
ducted on 3284 patients operated by nine surgeons between
2001 and 2006 evaluated the association between surgeon
experience and survival. The results reported that the sur-
vival learning curve for D2 gastrectomy is long, including at
least 100 operations to reach a plateau. Moreover, it detected
the lowest survival rate in patients treated by surgeons with
an experience of 50-100 cases [159]. The survival curve of
more challenging techniques, as laparoscopic total gastrec-
tomy, has been evaluated in comparison with open surgery.
In one Korean study, the learning curve for laparoscopic
total gastrectomy performed by a single surgeon, already
experienced in open total gastrectomy, reached the plateau
at around 54 cases [160].

In light of these results, some concern has been expressed
for the training for GC surgery in Western countries, especially

@ Springer

training occurring outside high-volume centers, where the
number of patients with GC is limited and the access to the
surgical procedures for GC during the surgical residency even
more limited.[161-163]. To overcome the limit given by the
number of cases, the role of mini-invasive surgery has been
promoted. Indeed, mini-invasive procedures are easier to
record and share when compared with open ones. Recorded
procedures allow surgeons to perform a thorough self-exam-
ination of their surgical technique as they can review the sur-
gical procedure, and give access to operations performed by
experts to young surgeons-in-learning [162]. Moreover, the
use of web seminars and internet study has been advocated
[164]. Until the learning curves are not fully standardized and
clear evidence on the training requirements is not obtained,
it seems reasonable to promote the surgical training for GC,
especially the training for mini-invasive gastrectomy, only in
experienced centers [161, 165].

Conclusions

In recent years, the treatment of GC there has evolved within
different fields. The optimization of the perioperative manage-
ment associated with gastrectomy has been implemented on
large scale according to the ERAS principles, even though
the full application of these principles is still controversial.
The long-time-awaited results of many trials investigating the
role for preoperative and postoperative management have been
published, changing the clinical practice with new standards
for neoadjuvant and adjuvant therapy. Targeted medicine is
becoming a reality, and novel investigations focused on the
efficacy of various targeted treatments are currently ongoing.
The surgical treatment is evolving towards a precision-driven
approach, thanks to enhancers of the surgical performance
(3D, robotics, image-guided surgery). Modern platforms
increase the possibility for further targeting of the different
treatments, promote the use of data-driven technologies and
open new possibilities for surgical learning. In the next years,
these innovations are expected to substantially change the tra-
ditional approach to GC treatment.

Funding None received.

Compliance with ethical standards

Conflict of interest None.

References

1. Bray JA, Ferlay J, Soerjomataram I, Siegel RL, Torre LA (2018)
Global cancer statistics 2018: GLof incidence and mortality
world in 185 Countries. CA Cancer J Clin Anticancer Res. https
://doi.org/10.3322/caac.21492


https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492

Updates in Surgery (2020) 72:355-378

373

10.

11.

12.

13.

16.

17.

18.

19.

Amin MB, Edge S, Greene F et al (2016) AJCC cancer staging
manual, 8th edn. Springer, Berlin

Network TCGAR (2014) Comprehensive molecular characteriza-
tion of gastric adenocarcinoma. Nature 513(7517):202-209. https
://doi.org/10.1038/nature 13480

Cristescu R et al (2015) Molecular analysis of gastric cancer
identifies subtypes associated with distinct clinical outcomes.
Nat Med 21(5):449-456. https://doi.org/10.1038/nm.3850
Bang Y-J et al (2010) Trastuzumab in combination with chemo-
therapy versus chemotherapy alone for treatment of HER2-
positive advanced gastric or gastro-oesophageal junction can-
cer (ToGA): a phase 3, open-label, randomised controlled trial.
Lancet 376(9742):687-697. https://doi.org/10.1016/S0140
-6736(10)61121-X

Wilke H et al (2014) Ramucirumab plus paclitaxel versus
placebo plus paclitaxel in patients with previously treated
advanced gastric or gastro-oesophageal junction adenocarci-
noma (RAINBOW): a double-blind, randomised phase 3 trial.
Lancet Oncol 15(11):1224-1235. https://doi.org/10.1016/S1470
-2045(14)70420-6

Fuchs CS et al (2014) Ramucirumab monotherapy for previously
treated advanced gastric or gastro-oesophageal junction adeno-
carcinoma (REGARD): an international, randomised, multicen-
tre, placebo-controlled, phase 3 trial. Lancet 383(9911):31-39.
https://doi.org/10.1016/S0140-6736(13)61719-5

NCCN (2019) NCCN clinical practice guidelines in oncology.
Gastric Cancer. Version 2.2019. https://www.nccn.org/profession
als/physician_gls/pdf/gastric.pdf. Accessed 15 Dec 2019
Smyth EC et al (2016) Gastric cancer: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol.
https://doi.org/10.1093/annonc/mdw350

Japanese Gastric Cancer Association (2018) Japanese gastric
cancer treatment guidelines 2018 (ver. 5). Kanehara & Co.,
Tokyo

G. C. of the K. G. C. A. (KGCA) and D. W. G. and R. Panel
(2019) Korean practice guideline for gastric cancer 2018: an
evidence-based, multi-disciplinary approach. J Gastric Cancer.
https://doi.org/10.5230/JGC.2019.19.E8

Xie D et al (2015) Proximal segmentation of the dorsal mes-
ogastrium reveals new anatomical implications for laparoscopic
surgery. Sci Rep 5(1):16287. https://doi.org/10.1038/srep16287
Xu D et al (2009) Positive lymph node ratio is an independ-
ent prognostic factor in gastric cancer after d2 resection regard-
less of the examined number of lymph nodes. Ann Surg Oncol
16(2):319-326. https://doi.org/10.1245/s10434-008-0240-4
Jongerius EJ et al (2016) Role of omentectomy as part of radical
surgery for gastric cancer. Br J Surg 103(11):1497-1503. https
://doi.org/10.1002/bjs.10149

. Kurokawa Y et al (2018) Bursectomy versus omentectomy alone

for resectable gastric cancer (JCOG1001): a phase 3, open-
label, randomised controlled trial. Lancet Gastroenterol Hepatol
3(7):460-468. https://doi.org/10.1016/S2468-1253(18)30090-6
Yu J et al (2019) Effect of laparoscopic vs open distal gastrec-
tomy on 3-year disease-free survival in patients with locally
advanced gastric cancer. JAMA 321(20):1983. https://doi.
org/10.1001/jama.2019.5359

Hyung WIJ et al (2019) A feasibility study of laparoscopic total
gastrectomy for clinical stage I gastric cancer: a prospective
multi-center phase II clinical trial, KLASS 03. Gastric Cancer.
https://doi.org/10.1007/s10120-018-0864-4

Kim HH et al (2019) Effect of laparoscopic distal gastrectomy
vs open distal gastrectomy on long-term survival among patients
with stage I gastric cancer: The KLASS-01 randomized clinical
trial. JAMA Oncol. https://doi.org/10.1001/jamaoncol.2018.6727
Kong S-H, Bae S-W, Suh Y-S, Lee H-J, Yang H-K (2018) Near-
infrared fluorescence lymph node navigation using indocyanine

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

33.

green for gastric cancer surgery. J Minim Invasive Surg 21(3):95-
105. https://doi.org/10.7602/jmis.2018.21.3.95

Al-Batran S-E et al (2018) Perioperative chemotherapy with
docetaxel, oxaliplatin, and fluorouracil/leucovorin (FLOT) ver-
sus epirubicin, cisplatin, and fluorouracil or capecitabine (ECF/
ECX) for resectable gastric or gastroesophageal junction (GEJ)
adenocarcinoma (FLOT4-AIO): a mul. J Clin Oncol. https://doi.
org/10.1200/jc0.2017.35.15_suppl.4004

Al-Batran S-E et al (2017) The RENAISSANCE (AIO-FLOTS)
trial: effect of chemotherapy alone vs. chemotherapy followed
by surgical resection on survival and quality of life in patients
with limited-metastatic adenocarcinoma of the stomach or
esophagogastric junction—a phase III trial of the German AIO/
CAO-V/CAOGI. BMC Cancer. https://doi.org/10.1186/s1288
5-017-3918-9

Nct (2016)FLOT vs. FLOT/Ramucirumab for perioperative
therapy of gastric or GEJ cancer (RAMSES). https://clinicaltr
ials.gov/show/nct02661971 Accessed 15 Dec 2019.

Bang Y-J et al (2019) KEYNOTE-585: pase III study of periop-
erative chemotherapy with or without pembrolizumab for gastric
cancer. Future Oncol 15(9):943-952. https://doi.org/10.2217/
fon-2018-0581

Ikoma N et al (2017) Patterns of initial recurrence in gastric
adenocarcinoma in the era of preoperative therapy. Ann Surg
Oncol. https://doi.org/10.1245/s10434-017-5838-y

Sautner T, Hofbauer F, Depisch D, Schiessel R, Jakesz R (1994)
Adjuvant intraperitoneal cisplatin chemotherapy does not
improve long- term survival after surgery for advanced gastric
cancer. J Clin Oncol. https://doi.org/10.1200/JC0O.1994.12.5.970
Rosen HR et al (1998) Adjuvant intraperitoneal chemotherapy
with carbon-adsorbed mitomycin in patients with gastric can-
cer: results of a randomized multicenter trial of the Austrian
Working Group for Surgical Oncology. J Clin Oncol. https://doi.
org/10.1200/JC0O.1998.16.8.2733

Fujimoto S, Takahashi M, Mutou T, Kobayashi K, Toyosawa
T (1999) Successful intraperitoneal hyperthermic chemoperfu-
sion for the prevention of postoperative peritoneal recurrence in
patients with advanced gastric carcinoma. Cancer. https://doi.
org/10.1002/(SICI)1097-0142(19990201)85:3%3¢529:AID-
CNCR3%3e3.0.CO;2-9

Yonemura Y et al (2001) Intraoperative chemohyperthermic peri-
toneal perfusion as an adjuvant to gastric cancer: final results
of a randomized controlled study. Hepatogastroenterology
48:1776-1782

Skoropad V, Berdov B, Zagrebin V (2002) Concentrated pre-
operative radiotherapy for resectable gastric cancer: 20-years
follow-up of a randomized trial. J Surg Oncol 80(2):72-78. https
://doi.org/10.1002/js0.10102

Wong RKS, Jang R, Darling G (2015) Postoperative chemoradio-
therapy vs. preoperative chemoradiotherapy for locally advanced
(operable) gastric cancer: clarifying the role and technique of
radiotherapy. J Gastrointest Oncol 6(1):89-107. https://doi.
org/10.3978/j.issn.2078-6891.2014.089

Charalampakis N et al (2016) The proportion of signet ring cell
component in patients with localized gastric adenocarcinoma
correlates with the degree of response to pre-operative chemora-
diation. Oncology 90(5):239-247. https://doi.org/10.1159/00044
3506

Mortensen K et al (2014) Consensus guidelines for enhanced
recovery after gastrectomy: Enhanced Recovery after Surgery
(ERAS®) Society recommendations. Br J Surg. https://doi.
org/10.1002/bjs.9582

Tanaka R et al (2017) Protocol for enhanced recovery after sur-
gery improves short-term outcomes for patients with gastric
cancer: a randomized clinical trial. Gastric Cancer. https://doi.
org/10.1007/s10120-016-0686-1

@ Springer


https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nm.3850
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1016/S0140-6736(10)61121-X
https://doi.org/10.1016/S1470-2045(14)70420-6
https://doi.org/10.1016/S1470-2045(14)70420-6
https://doi.org/10.1016/S0140-6736(13)61719-5
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.5230/JGC.2019.19.E8
https://doi.org/10.1038/srep16287
https://doi.org/10.1245/s10434-008-0240-4
https://doi.org/10.1002/bjs.10149
https://doi.org/10.1002/bjs.10149
https://doi.org/10.1016/S2468-1253(18)30090-6
https://doi.org/10.1001/jama.2019.5359
https://doi.org/10.1001/jama.2019.5359
https://doi.org/10.1007/s10120-018-0864-4
https://doi.org/10.1001/jamaoncol.2018.6727
https://doi.org/10.7602/jmis.2018.21.3.95
https://doi.org/10.1200/jco.2017.35.15_suppl.4004
https://doi.org/10.1200/jco.2017.35.15_suppl.4004
https://doi.org/10.1186/s12885-017-3918-9
https://doi.org/10.1186/s12885-017-3918-9
https://clinicaltrials.gov/show/nct02661971
https://clinicaltrials.gov/show/nct02661971
https://doi.org/10.2217/fon-2018-0581
https://doi.org/10.2217/fon-2018-0581
https://doi.org/10.1245/s10434-017-5838-y
https://doi.org/10.1200/JCO.1994.12.5.970
https://doi.org/10.1200/JCO.1998.16.8.2733
https://doi.org/10.1200/JCO.1998.16.8.2733
https://doi.org/10.1002/(SICI)1097-0142(19990201)85:3%3c529:AID-CNCR3%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-0142(19990201)85:3%3c529:AID-CNCR3%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-0142(19990201)85:3%3c529:AID-CNCR3%3e3.0.CO;2-9
https://doi.org/10.1002/jso.10102
https://doi.org/10.1002/jso.10102
https://doi.org/10.3978/j.issn.2078-6891.2014.089
https://doi.org/10.3978/j.issn.2078-6891.2014.089
https://doi.org/10.1159/000443506
https://doi.org/10.1159/000443506
https://doi.org/10.1002/bjs.9582
https://doi.org/10.1002/bjs.9582
https://doi.org/10.1007/s10120-016-0686-1
https://doi.org/10.1007/s10120-016-0686-1

374

Updates in Surgery (2020) 72:355-378

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Wang WK et al (2019) Impact of enhanced recovery after sur-
gery on postoperative rehabilitation, inflammation, and immu-
nity in gastric carcinoma patients: a randomized clinical trial.
Braz J Med Biol Res Rev Bras Pesqui medicas e Biol. https://
doi.org/10.1590/1414-431X20198265

Mingjie X, Luyao Z, Ze T, Yinquan Z, Quan W (2017) Lapa-
roscopic radical gastrectomy for resectable advanced gastric
cancer within enhanced recovery programs: a prospective ran-
domized controlled trial. ] Laparoendosc Adv Surg Tech. https
://doi.org/10.1089/1ap.2016.0057

Kang SH et al (2018) Multimodal Enhanced Recovery After
Surgery (ERAS) program is the optimal perioperative care in
patients undergoing totally laparoscopic distal gastrectomy for
gastric cancer: a prospective, randomized, clinical trial. Ann
Surg Oncol. https://doi.org/10.1245/5s10434-018-6625-0
Ding J et al (2017) The application of enhanced recovery after
surgery (ERAS)/fast-track surgery in gastrectomy for gastric
cancer: a systematic review and meta-analysis. Oncotarget
8(43):75699-75711. https://doi.org/10.18632/oncotarget
.18581

Wang LH, Zhu RF, Gao C, Wang SL, Shen LZ (2018) Appli-
cation of enhanced recovery after gastric cancer surgery: an
updated meta-analysis. World J Gastroenterol. https://doi.
org/10.3748/wjg.v24.114.1562

Liu Q, Ding L, Jiang H, Zhang C, Jin J (2018) Efficacy of fast
track surgery in laparoscopic radical gastrectomy for gastric can-
cer: a meta-analysis of randomized controlled trials. Int J Surg.
https://doi.org/10.1016/j.ijsu.2017.12.026

Li MZ et al (2018) Is ERAS effective and safe in laparoscopic
gastrectomy for gastric carcinoma? A meta-analysis. World J
Surg Oncol. https://doi.org/10.1186/s12957-018-1309-6

LiZ, Wang Q, Li B, Bai B, Zhao Q (2017) Influence of enhanced
recovery after surgery programs on laparoscopy-assisted gastrec-
tomy for gastric cancer: a systematic review and meta-analysis
of randomized control trials. World J Surg Oncol. https://doi.
org/10.1186/s12957-017-1271-8

Wee 1Y, Syn NLX, Shabbir A, Kim G, So JBY (2019) Enhanced
recovery versus conventional care in gastric cancer surgery: a
meta-analysis of randomized and non-randomized controlled tri-
als. Gastric Cancer. https://doi.org/10.1007/s10120-019-00937-9
Zheng HL et al (2017) Effects of preoperative malnutrition on
short- and long-term outcomes of patients with gastric cancer:
can we do better? Ann Surg Oncol. https://doi.org/10.1245/s1043
4-017-5998-9

Kimura Y et al (2017) One-day nasogastric tube decompression
after distal gastrectomy: a prospective randomized study. Surg
Today. https://doi.org/10.1007/s00595-017-1475-0

Wang D, Li T, YuJ, Hu Y, Liu H, Li G (2014) Is nasogastric
or nasojejunal decompression necessary following gastrectomy
for gastric cancer? A systematic review and meta-analysis of
randomised controlled trials. J Gastrointest Surg. https://doi.
org/10.1007/s11605-014-2648-4

Wang Z, Chen J, Su K, Dong Z (2015) Abdominal drainage ver-
sus no drainage post-gastrectomy for gastric cancer. Cochrane
Database of Syst Rev. https://doi.org/10.1002/14651858.CD008
788.pub3

Shimizu N et al (2018) Effect of early oral feeding on length of
hospital stay following gastrectomy for gastric cancer: a Japanese
multicenter, randomized controlled trial. Surg Today. https://doi.
org/10.1007/s00595-018-1665-4

Wang G, Yang Q, Guo KL, Shang BY, Yan LF, YuZD, Zhang J,
Ji D (2019) Safety of early oral feeding after total laparoscopic
radical gastrectomy for gastric cancer (SOFTLY-1): a single-
center randomized controlled trial. Cancer Manag Res 11:4839
Tweed T et al (2019) Safety and efficacy of early oral feeding for
enhanced recovery following gastrectomy for gastric cancer: a

@ Springer

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

systematic review. Surg Oncol. https://doi.org/10.1016/j.suron
¢.2018.11.017

Yamagata Y et al (2019) Current status of the ‘enhanced recovery
after surgery’ program in gastric cancer surgery. Ann Gastroen-
terol Surg. https://doi.org/10.1002/ags3.12232

National Comprehensive Cancer Network (2017) Gastric can-
cer (version 4.2017). https://www.nccn.org/professionals/physi
cian_gls/pdf/gastric.pdf. Accessed on 15 Oct 2017.

Waddell T, Verheij M, Allum W, Cunningham D, Cervantes A,
Arnold D (2013) Gastric cancer+: ESMO-ESSO-ESTRO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol 24(SUPPL):6. https://doi.org/10.1093/annonc/mdt344
Cunningham D et al (2006) Perioperative chemotherapy versus
surgery alone for resectable gastroesophageal cancer. N Engl J
Med 355(1):11-20. https://doi.org/10.1056/NEJM0a055531
Ychou M et al (2011) Perioperative chemotherapy compared with
surgery alone for resectable gastroesophageal adenocarcinoma:
an FNCLCC and FFCD multicenter phase III trial. J Clin Oncol
29(13):1715-1721. https://doi.org/10.1200/JC0O.2010.33.0597
Reddavid R et al (2018) Neoadjuvant chemotherapy for gastric
cancer. Is it a must or a fake? World J Gastroenterol. https://doi.
org/10.3748/wjg.v24.i12.274

Messager M, Lefevre JH, Pichot-Delahaye V, Souadka A, Piessen
G, Mariette C (2011) The impact of perioperative chemotherapy
on survival in patients with gastric signet ring cell adenocarci-
noma: a multicenter comparative study. Ann Surg 254(5):684—
693. https://doi.org/10.1097/SLA.0b013e3182352647

Piessen G et al (2013) Phase II/III multicentre randomised
controlled trial evaluating a strategy of primary surgery and
adjuvant chemotherapy versus peri-operative chemotherapy for
resectable gastric signet ring cell adenocarcinomas—PRODIGE
19—FFCD1103—ADCI002. BMC Cancer 13:281. https://doi.
org/10.1186/1471-2407-13-281

Al-Batran SE et al (2016) Histopathological regression after
neoadjuvant docetaxel, oxaliplatin, fluorouracil, and leucovorin
versus epirubicin, cisplatin, and fluorouracil or capecitabine in
patients with resectable gastric or gastro-oesophageal junction
adenocarcinoma (FLOT4-AIO. Lancet Oncol 17(12):1697-1708.
https://doi.org/10.1016/S1470-2045(16)30531-9

Al-Batran SE et al (2019) Perioperative chemotherapy with fluo-
rouracil plus leucovorin, oxaliplatin, and docetaxel versus fluo-
rouracil or capecitabine plus cisplatin and epirubicin for locally
advanced, resectable gastric or gastro-oesophageal junction
adenocarcinoma (FLOT4): a ra. Lancet. https://doi.org/10.1016/
S0140-6736(18)32557-1

Japanese gastric cancer Association (2017) Japanese gastric can-
cer treatment guidelines 2014 (ver. 4). Gastric Cancer 20(1):1-
19. https://doi.org/10.1007/s10120-016-0622-4

Yoshikawa T et al (2014) Induction of a pathological complete
response by four courses of neoadjuvant chemotherapy for gastric
cancer: early results of the randomized phase II COMPASS Trial.
Ann Surg Oncol 21(1):213-219. https://doi.org/10.1245/s1043
4-013-3055-x

Yoshikawa T et al (2016) Survival results of a randomised two-
by-two factorial phase II trial comparing neoadjuvant chemo-
therapy with two and four courses of S-1 plus cisplatin (SC) and
paclitaxel plus cisplatin (PC) followed by D2 gastrectomy for
resectable advanced gastric cancer. Eur J Cancer 62:103-111.
https://doi.org/10.1016/j.ejca.2016.04.012

Iwasaki Y et al (2018) Randomized phase III trial of gastrec-
tomy with or without neoadjuvant S-1 plus cisplatin for type 4
or large type 3 gastric cancer: Japan Clinical Oncology Group
study (JCOGO0501). J Clin Oncol 36(15_suppl):4046—4046. https
://doi.org/10.1200/JC0O.2018.36.15_suppl.4046

Katai H et al (2019) Subgroup analysis of JCOGO0501 phase
III study to confirm superiority of additional neoadjuvant


https://doi.org/10.1590/1414-431X20198265
https://doi.org/10.1590/1414-431X20198265
https://doi.org/10.1089/lap.2016.0057
https://doi.org/10.1089/lap.2016.0057
https://doi.org/10.1245/s10434-018-6625-0
https://doi.org/10.18632/oncotarget.18581
https://doi.org/10.18632/oncotarget.18581
https://doi.org/10.3748/wjg.v24.i14.1562
https://doi.org/10.3748/wjg.v24.i14.1562
https://doi.org/10.1016/j.ijsu.2017.12.026
https://doi.org/10.1186/s12957-018-1309-6
https://doi.org/10.1186/s12957-017-1271-8
https://doi.org/10.1186/s12957-017-1271-8
https://doi.org/10.1007/s10120-019-00937-9
https://doi.org/10.1245/s10434-017-5998-9
https://doi.org/10.1245/s10434-017-5998-9
https://doi.org/10.1007/s00595-017-1475-0
https://doi.org/10.1007/s11605-014-2648-4
https://doi.org/10.1007/s11605-014-2648-4
https://doi.org/10.1002/14651858.CD008788.pub3
https://doi.org/10.1002/14651858.CD008788.pub3
https://doi.org/10.1007/s00595-018-1665-4
https://doi.org/10.1007/s00595-018-1665-4
https://doi.org/10.1016/j.suronc.2018.11.017
https://doi.org/10.1016/j.suronc.2018.11.017
https://doi.org/10.1002/ags3.12232
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://www.nccn.org/professionals/physician_gls/pdf/gastric.pdf
https://doi.org/10.1093/annonc/mdt344
https://doi.org/10.1056/NEJMoa055531
https://doi.org/10.1200/JCO.2010.33.0597
https://doi.org/10.3748/wjg.v24.i2.274
https://doi.org/10.3748/wjg.v24.i2.274
https://doi.org/10.1097/SLA.0b013e3182352647
https://doi.org/10.1186/1471-2407-13-281
https://doi.org/10.1186/1471-2407-13-281
https://doi.org/10.1016/S1470-2045(16)30531-9
https://doi.org/10.1016/S0140-6736(18)32557-1
https://doi.org/10.1016/S0140-6736(18)32557-1
https://doi.org/10.1007/s10120-016-0622-4
https://doi.org/10.1245/s10434-013-3055-x
https://doi.org/10.1245/s10434-013-3055-x
https://doi.org/10.1016/j.ejca.2016.04.012
https://doi.org/10.1200/JCO.2018.36.15_suppl.4046
https://doi.org/10.1200/JCO.2018.36.15_suppl.4046

Updates in Surgery (2020) 72:355-378

375

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

chemotherapy with S-1 plus cisplatin to D2 gastrectomy with
S-1 adjuvant chemotherapy for resectable type IV or large type
III gastric cancer. J Clin Oncol 37(4_suppl):110-110. https://doi.
0rg/10.1200/JC0O.2019.37.4_suppl.110

Tokunaga M et al (2007) Phase III trial to evaluate the efficacy
of neoadjuvant chemotherapy with S-1 plus oxaliplatin followed
by D2 gastrectomy with adjuvant S-1 in locally advanced gas-
tric cancer: Japan Clinical Oncology Group study JCOG1509
(NAGISA trial). J Clin Oncol 35(15_suppl):TPS4134. https://
doi.org/10.1200/JC0O.2017.35.15_suppl. TPS4134

Park I et al (2013) A phase II study of neoadjuvant docetaxel,
oxaliplatin, and S-1 (DOS) chemotherapy followed by surgery
and adjuvant S-1 chemotherapy in potentially resectable gastric
or gastroesophageal junction adenocarcinoma. Cancer Chem-
other Pharmacol 72(4):815-823. https://doi.org/10.1007/s0028
0-013-2257-z

Kang Y-K et al (2015) A randomized phase III study of neoadju-
vant chemotherapy with docetaxel(D), oxaliplatin(O), and S-1(S)
(DOS) followed by surgery and adjuvant S-1 vs surgery and adju-
vant S-1 for resectable advanced gastric cancer (PRODIGY). J
Clin Oncol 33(15_suppl):TPS4136. https://doi.org/10.1200/
jc0.2015.33.15_suppl.tps4136

Shapiro J et al (2015) Neoadjuvant chemoradiotherapy plus sur-
gery versus surgery alone for oesophageal or junctional cancer
(CROSS): long-term results of a randomised controlled trial.
Lancet Oncol 16(9):1090-1098. https://doi.org/10.1016/S1470
-2045(15)00040-6

Leong T et al (2017) TOPGEAR: a randomized, phase III trial
of perioperative ECF chemotherapy with or without preopera-
tive chemoradiation for resectable gastric cancer: interim results
from an international, intergroup trial of the AGITG, TROG,
EORTC and CCTG. Ann Surg Oncol 24(8):2252-2258. https://
doi.org/10.1245/s10434-017-5830-6

Reynolds JV et al (2017) ICORG 10-14: NEOadjuvant trial in
Adenocarcinoma of the oEsophagus and oesophagoGastric junc-
tion International Study (Neo-AEGIS). BMC Cancer 17(1):401.
https://doi.org/10.1186/s12885-017-3386-2

Hoeppner J et al (2016) ESOPEC: prospective randomized
controlled multicenter phase III trial comparing perioperative
chemotherapy (FLOT protocol) to neoadjuvant chemoradia-
tion (CROSS protocol) in patients with adenocarcinoma of the
esophagus (NCT02509286). BMC Cancer 16(1):503. https://doi.
org/10.1186/s12885-016-2564-y

Slagter AE et al (2018) CRITICS-II: a multicentre randomised
phase II trial of neo-adjuvant chemotherapy followed by surgery
versus neo-adjuvant chemotherapy and subsequent chemoradio-
therapy followed by surgery versus neo-adjuvant chemoradio-
therapy followed by surgery in resectable gastric cancer. BMC
Cancer 18(1):877. https://doi.org/10.1186/s12885-018-4770-2
Bang Y-J et al (2012) Adjuvant capecitabine and oxaliplatin for
gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-
label, randomised controlled trial. Lancet 379(9813):315-321.
https://doi.org/10.1016/S0140-6736(11)61873-4

Sakuramoto S et al (2007) Adjuvant chemotherapy for gastric
cancer with S-1, an oral fluoropyrimidine. N Engl J Med. https
://doi.org/10.1056/NEJMo0a072252

Yoshida K et al (2019) Addition of docetaxel to oral fluoro-
pyrimidine improves efficacy in patients with stage III gastric
cancer: Interim analysis of JACCRO GC-07, a randomized con-
trolled trial. J Clin Oncol. https://doi.org/10.1200/JCO.18.01138
Macdonald JS et al (2001) Chemoradiotherapy after surgery com-
pared with surgery alone for adenocarcinoma of the stomach or
gastroesophageal junction. N Engl J Med 345(10):725-730. https
://doi.org/10.1056/NEJMo0a010187

Smalley SR et al (2012) Updated analysis of SWOG-
directed intergroup study 0116: a phase III trial of adjuvant

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

radiochemotherapy versus observation after curative gastric
cancer resection. J Clin Oncol 30(19):2327-2333. https://doi.
org/10.1200/JC0O.2011.36.7136

Park SH et al (2015) Phase III trial to compare adjuvant chem-
otherapy with capecitabine and cisplatin versus concurrent
chemoradiotherapy in gastric cancer: Final report of the adjuvant
chemoradiotherapy in stomach tumors trial, including survival
and subset analyses. J Clin Oncol 33(28):3130-3136. https://doi.
org/10.1200/JC0O.2014.58.3930

Park SH et al (2019) ARTIST 2: Interim results of a phase III
trial involving adjuvant chemotherapy and/or chemoradiotherapy
after D2-gastrectomy in stage II/III gastric cancer (GC). J Clin
Oncol. https://doi.org/10.1200/jc0.2019.37.15_suppl.4001

Cats A et al (2018) Chemotherapy versus chemoradiotherapy
after surgery and preoperative chemotherapy for resectable
gastric cancer (CRITICS): an international, open-label, ran-
domised phase 3 trial. Lancet Oncol 19(5):616—628. https://doi.
org/10.1016/S1470-2045(18)30132-3

Yoshida K, Yamaguchi K, Okumura N, Tanahashi T, Kodera Y
(2016) Is conversion therapy possible in stage IV gastric can-
cer: the proposal of new biological categories of classification.
Gastric Cancer 19(2):329-338. https://doi.org/10.1007/s1012
0-015-0575-z

Tsuburaya A et al (2014) Neoadjuvant chemotherapy with S-1
and cisplatin followed by D2 gastrectomy with para-aortic lymph
node dissection for gastric cancer with extensive lymph node
metastasis. Br J Surg 101(6):653-660. https://doi.org/10.1002/
bjs.9484

Takahari D et al (2019) Long-term outcomes of preoperative
docetaxel with cisplatin plus S-1 therapy for gastric cancer with
extensive nodal metastasis (JCOG1002). Gastric Cancer. https://
doi.org/10.1007/s10120-019-01007-w

Hashimoto DY, Kurokawa Y, Mori M (2018) Update on the treat-
ment of gastric cancer. JMA J 1(1):40—49

Al-Batran S-E et al (2017) Effect of neoadjuvant chemotherapy
followed by surgical resection on survival in patients with lim-
ited metastatic gastric or gastroesophageal junction cancer: the
AIO-FLOTS3 trial. JAMA Oncol 3(9):1237-1244. https://doi.
org/10.1001/jamaoncol.2017.0515

Wagner AD et al (2019) EORTC-1203-GITCG—the ‘INNOVA-
TION’-trial: Effect of chemotherapy alone versus chemotherapy
plus trastuzumab, versus chemotherapy plus trastuzumab plus
pertuzumab, in the perioperative treatment of HER?2 positive,
gastric and gastroesophageal junction adenocarcinoma on patho-
logic response rate: a randomized phase II-intergroup trial of
the EORTC-Gastrointestinal Tract Cancer Group, Korean Cancer
Study Group and Dutch Upper GI-Cancer group. BMC Cancer
19(1):494. https://doi.org/10.1186/s12885-019-5675-4
Kataoka K et al (2015) A randomized Phase II trial of systemic
chemotherapy with and without trastuzumab followed by surgery
in HER2-positive advanced gastric or esophagogastric junction
adenocarcinoma with extensive lymph node metastasis: Japan
Clinical Oncology Group study JCOG1301 (Trigger Study). Jpn
J Clin Oncol 45(11):1082-1086. https://doi.org/10.1093/jjco/
hyv134

Cunningham D et al (2017) Peri-operative chemotherapy with or
without bevacizumab in operable oesophagogastric adenocarci-
noma (UK Medical Research Council ST03): primary analysis
results of a multicentre, open-label, randomised phase 2-3 trial.
Lancet Oncol 18(3):357-370. https://doi.org/10.1016/S1470
-2045(17)30043-8

Ohtsu A et al (2011) Bevacizumab in combination with chemo-
therapy as first-line therapy in advanced gastric cancer: a ran-
domized, double-blind, placebo-controlled phase III study.
J Clin Oncol 29(30):3968-3976. https://doi.org/10.1200/
JCO.2011.36.2236

@ Springer


https://doi.org/10.1200/JCO.2019.37.4_suppl.110
https://doi.org/10.1200/JCO.2019.37.4_suppl.110
https://doi.org/10.1200/JCO.2017.35.15_suppl.TPS4134
https://doi.org/10.1200/JCO.2017.35.15_suppl.TPS4134
https://doi.org/10.1007/s00280-013-2257-z
https://doi.org/10.1007/s00280-013-2257-z
https://doi.org/10.1200/jco.2015.33.15_suppl.tps4136
https://doi.org/10.1200/jco.2015.33.15_suppl.tps4136
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1016/S1470-2045(15)00040-6
https://doi.org/10.1245/s10434-017-5830-6
https://doi.org/10.1245/s10434-017-5830-6
https://doi.org/10.1186/s12885-017-3386-2
https://doi.org/10.1186/s12885-016-2564-y
https://doi.org/10.1186/s12885-016-2564-y
https://doi.org/10.1186/s12885-018-4770-2
https://doi.org/10.1016/S0140-6736(11)61873-4
https://doi.org/10.1056/NEJMoa072252
https://doi.org/10.1056/NEJMoa072252
https://doi.org/10.1200/JCO.18.01138
https://doi.org/10.1056/NEJMoa010187
https://doi.org/10.1056/NEJMoa010187
https://doi.org/10.1200/JCO.2011.36.7136
https://doi.org/10.1200/JCO.2011.36.7136
https://doi.org/10.1200/JCO.2014.58.3930
https://doi.org/10.1200/JCO.2014.58.3930
https://doi.org/10.1200/jco.2019.37.15_suppl.4001
https://doi.org/10.1016/S1470-2045(18)30132-3
https://doi.org/10.1016/S1470-2045(18)30132-3
https://doi.org/10.1007/s10120-015-0575-z
https://doi.org/10.1007/s10120-015-0575-z
https://doi.org/10.1002/bjs.9484
https://doi.org/10.1002/bjs.9484
https://doi.org/10.1007/s10120-019-01007-w
https://doi.org/10.1007/s10120-019-01007-w
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.1001/jamaoncol.2017.0515
https://doi.org/10.1186/s12885-019-5675-4
https://doi.org/10.1093/jjco/hyv134
https://doi.org/10.1093/jjco/hyv134
https://doi.org/10.1016/S1470-2045(17)30043-8
https://doi.org/10.1016/S1470-2045(17)30043-8
https://doi.org/10.1200/JCO.2011.36.2236
https://doi.org/10.1200/JCO.2011.36.2236

376

Updates in Surgery (2020) 72:355-378

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Shen L et al (2015) Bevacizumab plus capecitabine and cisplatin
in Chinese patients with inoperable locally advanced or meta-
static gastric or gastroesophageal junction cancer: randomized,
double-blind, phase III study (AVATAR study). Gastric Cancer
18(1):168-176. https://doi.org/10.1007/s10120-014-0351-5
Pavlakis N et al (2016) Regorafenib for the treatment of advanced
gastric cancer INTEGRATE): a multinational placebo-con-
trolled phase II trial. J Clin Oncol 34(23):2728-2735. https://
doi.org/10.1200/JC0O.2015.65.1901

Bendell MJ, Yoon HH (2019) Systemic therapy for locally
advanced unresectable and metastatic esophageal and gastric
cancer—UpToDate. https://www.uptodate.com/contents/syste
mic-therapy-for-locally-advanced-unresectable-and-metastatic
-esophageal-and-gastric-cancer?search=moleculartherapygast
riccancer&source=search_result&selectedTitle=7~150&usage
_type=default&display_rank=7. Accessed 17 Sep 2019.

Fuchs CS et al (2018) Safety and efficacy of pembrolizumab
monotherapy in patients with previously treated advanced
gastric and gastroesophageal junction cancer: phase 2 clinical
KEYNOTE-059 Trial. JAMA Oncol 4(5):¢180013. https://doi.
org/10.1001/jamaoncol.2018.0013

Kang Y-K et al (2017) Nivolumab in patients with advanced
gastric or gastro-oesophageal junction cancer refractory to,
or intolerant of, at least two previous chemotherapy regimens
(ONO-4538-12, ATTRACTION-2): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet 390(10111):2461-2471.
https://doi.org/10.1016/S0140-6736(17)31827-5

Shitara K et al (2018) Pembrolizumab versus paclitaxel for
previously treated, advanced gastric or gastro-oesophageal
junction cancer (KEYNOTE-061): a randomised, open-label,
controlled, phase 3 trial. Lancet. https://doi.org/10.1016/S0140
-6736(18)31257-1

Bang Y-J et al (2019) Pembrolizumab alone or in combina-
tion with chemotherapy as first-line therapy for patients with
advanced gastric or gastroesophageal junction adenocarcinoma:
results from the phase II nonrandomized KEYNOTE-059 study.
Gastric Cancer 22(4):828-837. https://doi.org/10.1007/s1012
0-018-00909-5

Desiderio J et al (2017) The 30-year experience—a meta-anal-
ysis of randomised and high-quality non-randomised studies of
hyperthermic intraperitoneal chemotherapy in the treatment of
gastric cancer. Eur J Cancer 79:1-14. https://doi.org/10.1016/].
ejca.2017.03.030

Beeharry MK, Zhu Z-L, Liu W-T, Yao X-X, Yan M, Zhu
Z-G (2019) Prophylactic HIPEC with radical D2 gastrectomy
improves survival and peritoneal recurrence rates for locally
advanced gastric cancer: personal experience from a rand-
omized case control study. BMC Cancer 19(1):932. https://doi.
org/10.1186/s12885-019-6125-z

Glehen O et al (2014) GASTRICHIP: D2 resection and hyper-
thermic intraperitoneal chemotherapy in locally advanced gastric
carcinoma: a randomized and multicenter phase III study. BMC
Cancer. https://doi.org/10.1186/1471-2407-14-183

Prophylactic Surgery Plus HIPEC With CO, in Patients Affected
by Gastric Carcinoma.GOETH Study—Full Text View—Clini-
calTrials.gov. https://clinicaltrials.gov/ct2/show/NCT03917173.
Accessed 10 Oct 2019.

van der Kaaij RT, Wassenaar ECE, Koemans WJ, Sikorska K,
Boot H, Grootscholten C, Schellens JH, Los M, Hartemink KJ,
Veenhof AAFA, et al. (2018) Abstract: treatment of peritoneal
dissemination in stomach cancer patients with cytoreductive sur-
gery and hyperthermic intraperitoneal chemotherapy (HIPEC):
first results of the PERISCOPE I study. In: Pleura and perito-
neum, vol. 3, PSOGI congress

Koemans WIJ et al (2019) Cytoreductive surgery and hyperther-
mic intraperitoneal chemotherapy versus palliative systemic

@ Springer

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

chemotherapy in stomach cancer patients with peritoneal dis-
semination, the study protocol of a multicentre randomised
controlled trial (PERISCOPE II). BMC Cancer 19(1):420.
https://doi.org/10.1186/s12885-019-5640-2

Badgwell B et al (2017) Phase II trial of laparoscopic hyper-
thermic intraperitoneal chemoperfusion for peritoneal carcino-
matosis or positive peritoneal cytology in patients with gastric
adenocarcinoma. Ann Surg Oncol 24(11):3338-3344. https://
doi.org/10.1245/s10434-017-6047-4

Newhook TE et al (2019) Laparoscopic hyperthermic intra-
peritoneal chemotherapy is safe for patients with peritoneal
metastases from gastric cancer and may lead to gastrectomy.
Ann Surg Oncol 26(5):1394-1400. https://doi.org/10.1245/
$10434-018-07140-7

Yonemura Y et al (2006) Neoadjuvant treatment of gastric can-
cer with peritoneal dissemination. Eur J Surg Oncol 32(6):661—
665. https://doi.org/10.1016/].ejs0.2006.03.007

Yonemura Y et al (2017) Effects of neoadjuvant laparoscopic
hyperthermic intraperitoneal chemotherapy and neoadjuvant
intraperitoneal/systemic chemotherapy on peritoneal metasta-
ses from gastric cancer. Ann Surg Oncol 24(2):478-485. https
://doi.org/10.1245/s10434-016-5487-6

Komatsu S, Otsuji E (2019) Essential updates 2017/2018:
recent topics in the treatment and research of gastric cancer
in Japan. Ann Gastroenterol Surg. https://doi.org/10.1002/
ags3.12284

Kurita N, Chikakiyo M, Mitayani T, Jyun H, Yoshikawa K, Nish-
ioka M, Iwaka T, Shimada M (2008) The utility of preoperative
evaluation using 3D-CT and standardization of laparoscopy-
assisted gastrectomy for gastric cancer. SAGES April 9-12 https
://www.sages.org/meetings/annual-meeting/abstracts-archive/
the-utility-ofpreoperative-evaluation-using-3d-ct-and-standardiz
ation-of-laparoscopy-assisted-gastrectomy-for-gastric-cancer/
Zheng CH, Lu J, Zheng HL, Li P, Xie JW, Wang JB, Lin JX,
Chen QY, Cao LL, Lin M, Tu RH (2018) Comparison of 3D
laparoscopic gastrectomy with a 2D procedure for gastric cancer:
a phase 3 randomized controlled trial. Surgery 163(2):300-304.
https://doi.org/10.1016/j.surg.2017.09.053

Symeonidis D, Tepetes K (2019) Techniques and current role
of sentinel lymph node (SLN) concept in gastric cancer surgery.
Front Surg. https://doi.org/10.3389/fsurg.2018.00077

Okubo K et al (2018) Quantitative assessment of fluorescence
intensity of ICG in sentinel nodes in early gastric cancer. Gas-
tric Cancer 21(5):776-781. https://doi.org/10.1007/s1012
0-018-0816-z

He M, Jiang Z, Wang C, Hao Z, An J, Shen J (2018) Diagnostic
value of near-infrared or fluorescent indocyanine green guided
sentinel lymph node mapping in gastric cancer: a systematic
review and meta-analysis. J Surg Oncol 118(8):1243-1256. https
://doi.org/10.1002/j50.25285

Park JY et al (2016) Assessment of laparoscopic stomach pre-
serving surgery with sentinel basin dissection versus standard
gastrectomy with lymphadenectomy in early gastric cancer—a
multicenter randomized phase III clinical trial (SENORITA trial)
protocol. BMC Cancer 16(1):340. https://doi.org/10.1186/s1288
5-016-2336-8

Lan Y-T et al (2017) A pilot study of lymph node mapping
with indocyanine green in robotic gastrectomy for gastric
cancer. SAGE Open Med 5:2050312117727444. https://doi.
org/10.1177/2050312117727444

Kim T-H et al (2018) Assessment of the completeness of lymph
node dissection using near-infrared imaging with indocyanine
green in laparoscopic gastrectomy for gastric cancer. J Gastric
Cancer 18(2):161-171. https://doi.org/10.5230/jgc.2018.18.e19
Kwon IG, Son T, Kim H-I, Hyung WJ (2019) Fluorescent
lymphography-guided lymphadenectomy during robotic radical


https://doi.org/10.1007/s10120-014-0351-5
https://doi.org/10.1200/JCO.2015.65.1901
https://doi.org/10.1200/JCO.2015.65.1901
https://www.uptodate.com/contents/systemic-therapy-for-locally-advanced-unresectable-and-metastatic-esophageal-and-gastric-cancer?search=moleculartherapygastriccancer&source=search_result&selectedTitle=7~150&usage_type=default&display_rank=7
https://www.uptodate.com/contents/systemic-therapy-for-locally-advanced-unresectable-and-metastatic-esophageal-and-gastric-cancer?search=moleculartherapygastriccancer&source=search_result&selectedTitle=7~150&usage_type=default&display_rank=7
https://www.uptodate.com/contents/systemic-therapy-for-locally-advanced-unresectable-and-metastatic-esophageal-and-gastric-cancer?search=moleculartherapygastriccancer&source=search_result&selectedTitle=7~150&usage_type=default&display_rank=7
https://www.uptodate.com/contents/systemic-therapy-for-locally-advanced-unresectable-and-metastatic-esophageal-and-gastric-cancer?search=moleculartherapygastriccancer&source=search_result&selectedTitle=7~150&usage_type=default&display_rank=7
https://www.uptodate.com/contents/systemic-therapy-for-locally-advanced-unresectable-and-metastatic-esophageal-and-gastric-cancer?search=moleculartherapygastriccancer&source=search_result&selectedTitle=7~150&usage_type=default&display_rank=7
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1001/jamaoncol.2018.0013
https://doi.org/10.1016/S0140-6736(17)31827-5
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1016/S0140-6736(18)31257-1
https://doi.org/10.1007/s10120-018-00909-5
https://doi.org/10.1007/s10120-018-00909-5
https://doi.org/10.1016/j.ejca.2017.03.030
https://doi.org/10.1016/j.ejca.2017.03.030
https://doi.org/10.1186/s12885-019-6125-z
https://doi.org/10.1186/s12885-019-6125-z
https://doi.org/10.1186/1471-2407-14-183
https://clinicaltrials.gov/ct2/show/NCT03917173
https://doi.org/10.1186/s12885-019-5640-2
https://doi.org/10.1245/s10434-017-6047-4
https://doi.org/10.1245/s10434-017-6047-4
https://doi.org/10.1245/s10434-018-07140-7
https://doi.org/10.1245/s10434-018-07140-7
https://doi.org/10.1016/j.ejso.2006.03.007
https://doi.org/10.1245/s10434-016-5487-6
https://doi.org/10.1245/s10434-016-5487-6
https://doi.org/10.1002/ags3.12284
https://doi.org/10.1002/ags3.12284
https://www.sages.org/meetings/annual-meeting/abstracts-archive/the-utility-ofpreoperative-evaluation-using-3d-ct-and-standardization-of-laparoscopy-assisted-gastrectomy-for-gastric-cancer/
https://www.sages.org/meetings/annual-meeting/abstracts-archive/the-utility-ofpreoperative-evaluation-using-3d-ct-and-standardization-of-laparoscopy-assisted-gastrectomy-for-gastric-cancer/
https://www.sages.org/meetings/annual-meeting/abstracts-archive/the-utility-ofpreoperative-evaluation-using-3d-ct-and-standardization-of-laparoscopy-assisted-gastrectomy-for-gastric-cancer/
https://www.sages.org/meetings/annual-meeting/abstracts-archive/the-utility-ofpreoperative-evaluation-using-3d-ct-and-standardization-of-laparoscopy-assisted-gastrectomy-for-gastric-cancer/
https://doi.org/10.1016/j.surg.2017.09.053
https://doi.org/10.3389/fsurg.2018.00077
https://doi.org/10.1007/s10120-018-0816-z
https://doi.org/10.1007/s10120-018-0816-z
https://doi.org/10.1002/jso.25285
https://doi.org/10.1002/jso.25285
https://doi.org/10.1186/s12885-016-2336-8
https://doi.org/10.1186/s12885-016-2336-8
https://doi.org/10.1177/2050312117727444
https://doi.org/10.1177/2050312117727444
https://doi.org/10.5230/jgc.2018.18.e19

Updates in Surgery (2020) 72:355-378

377

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

gastrectomy for gastric cancer. JAMA Surg 154(2):150-158.
https://doi.org/10.1001/jamasurg.2018.4267

Cianchi F et al (2019) The clinical value of fluorescent lymphog-
raphy with indocyanine green during robotic surgery for gastric
cancer: a matched cohort study. J Gastrointest Surg. https://doi.
org/10.1007/s11605-019-04382-y

Kim M, Son SY, Cui LH, Shin HJ, Hur H, Han SU (2017) Real-
time vessel navigation using indocyanine green fluorescence dur-
ing robotic or laparoscopic gastrectomy for gastric cancer. J Gas-
tric Cancer 17(2):145-153. https://doi.org/10.5230/jgc.2017.17.
el7

Huh YJ, Lee HJ, Kim TH, Choi Y, Park JH, Son YG, Suh YS,
Kong SH (2019) Efficacy of assessing intraoperative bowel per-
fusion with near-infrared camera in laparoscopic gastric cancer
surgery. J Laparoendosc Adv Surg Tech 29(4):476-483

Hulsen T et al (2019) From big data to precision medicine. Front
Med. https://doi.org/10.3389/fmed.2019.00034

Wu PY, Cheng CW, Kaddi CD, Venugopalan J, Hoffman R,
Wang MD (2017) Omic and electronic health record big data
analytics for precision medicine. IEEE Trans Biomed Eng. https
://doi.org/10.1109/TBME.2016.2573285

Sano T et al (2017) Proposal of a new stage grouping of gas-
tric cancer for TNM classification: International Gastric Cancer
Association staging project. Gastric Cancer 20(2):217-225. https
://doi.org/10.1007/s10120-016-0601-9

Rice TW, Patil DT, Blackstone EH (2017) 8th edition AJCC/
UICC staging of cancers of the esophagus and esophagogastric
junction: application to clinical practice. Ann Cardiothorac Surg.
https://doi.org/10.21037/acs.2017.03.14

Doll KM, Rademaker A, Sosa JA (2018) Practical guide to
surgical data sets: surveillance, epidemiology, and end results
(SEER) database. JAMA Surgery. https://doi.org/10.1001/jamas
urg.2018.0501

Wang C et al (2015) DBGC: a database of human gastric cancer.
PLoS ONE. https://doi.org/10.1371/journal.pone.0142591

Cha HS et al (2019) The Korea Cancer Big Data Platform
(K-CBP) for cancer research. Int J Environ Res Public Health.
https://doi.org/10.3390/ijerph16132290

Haverkamp L et al (2016) Esophageal and gastric cancer pearl:
a nationwide clinical biobanking project in the Netherlands. Dis
Esophagus. https://doi.org/10.1111/dote.12347

Mariette C et al (2018) The FREGAT biobank: a clinico-biolog-
ical database dedicated to esophageal and gastric cancers. BMC
Cancer. https://doi.org/10.1186/s12885-018-3991-8

Kashyap H, Ahmed HA, Hoque N, Roy S, Bhattacharyya DK
(2015) Big data analytics in bioinformatics: a machine learning-
perspective. arXiv preprint arXiv:1506.05101

El Naqa I, Kosorok MR, Jin J, Mierzwa M, Ten Haken RK
(2018) Prospects and challenges for clinical decision support in
the era of big data. JCO Clin Cancer Inform 2:1-12. https://doi.
org/10.1200/cci.18.00002

Hirasawa T et al (2018) Application of artificial intelligence
using a convolutional neural network for detecting gastric cancer
in endoscopic images. Gastric Cancer. https://doi.org/10.1007/
s10120-018-0793-2

Luo H et al (2019) Real-time artificial intelligence for detec-
tion of upper gastrointestinal cancer by endoscopy: a multicen-
tre, case-control, diagnostic study. Lancet Oncol. https://doi.
org/10.1016/s1470-2045(19)30637-0

Zhu Y et al (2019) Application of convolutional neural network
in the diagnosis of the invasion depth of gastric cancer based
on conventional endoscopy. Gastrointest Endosc. https://doi.
org/10.1016/j.gie.2018.11.011

Sharma H, Zerbe N, Klempert I (2017) Deep convolutional neu-
ral networks for automatic classification of gastric carcinoma

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

using whole slide images in digital histopathology. Elsevier,
Hoboken

Xiao Y, Wu J, Lin Z, Zhao X (2018) A deep learning-based
multi-model ensemble method for cancer prediction. Com-
put Methods Programs Biomed. https://doi.org/10.1016/j.
cmpb.2017.09.005

Xu YG, Cheng M, Zhang X, Sun SH, Bi WM (2017) Mutual
information network-based support vector machine strat-
egy identifies salivary biomarkers ingastric cancer. ] BUON
22(1):119-125

Huang Y et al (2018) Serum microRNA panel excavated by
machine learning as a potential biomarker for the detection of
gastric cancer. Oncol Rep. https://doi.org/10.3892/0r.2017.6163
Guo YA et al (2018) Mutation hotspots at CTCF binding sites
coupled to chromosomal instability in gastrointestinal cancers.
Nat Commun. https://doi.org/10.1038/s41467-018-03828-2
Hyung W1J et al (2017) Superior prognosis prediction perfor-
mance of deep learning for gastric cancer compared to Yonsei
prognosis prediction model using Cox regression. J Clin Oncol.
https://doi.org/10.1200/jco.2017.35.4_suppl.164

Oh SE, Seo SW, Choi MG, Sohn TS, Bae JM, Kim S (2018)
Prediction of overall survival and novel classification of patients
with gastric cancer using the survival recurrent network. Ann
Surg Oncol. https://doi.org/10.1245/s10434-018-6343-7

Liu B, Tan J, Wang X, Neoplasma XL (2018) Identification of
recurrent risk-related genes and establishment of support vector
machine prediction model for gastric cancer. europepme.org.
Lambin P, Leijenaar RT, Deist TM, Peerlings J, De Jong EE,
Van Timmeren J, van Wijk Y et al (2017) Radiomics: the bridge
betweenmedical imaging and personalized medicine. Nat Rev
Clin Oncol 14(12):749

Li W et al (2019) Prognostic value of computed tomography
radiomics features in patients with gastric cancer following
curative resection. Eur Radiol. https://doi.org/10.1007/s0033
0-018-5861-9

Li Q et al (2019) Machine learning-based computational models
derived from large-scale radiographic-radiomic images can help
predict adverse histopathological status of gastric cancer. Clin
Transl Gastroenterol. https://doi.org/10.14309/ctg.0000000000
000079

Zhang XP, Wang ZL, Tang L, Sun YS, Cao K, Gao Y (2011)
Support vector machine model for diagnosis of lymph node
metastasis in gastric cancer with multidetector computed
tomography: a preliminary study. BMC Cancer. https://doi.
org/10.1186/1471-2407-11-10

Liu C, Qi L, Feng QX, Sun SW, Zhang YD, Liu XS (2019) Per-
formance of a machine learning-based decision model to help
clinicians decide the extent of lymphadenectomy (D1 vs. D2) in
gastric cancer before surgical resection. Abdom Radiol. https://
doi.org/10.1007/s00261-019-02098-w

Lee J et al (2018) Deep learning-based survival analysis identi-
fied associations between molecular subtype and optimal adju-
vant treatment of patients with gastric cancer. JCO Clin Cancer
Inform. https://doi.org/10.1200/cci.17.00065

Jiang Y et al (2018) Immunomarker support vector machine
classifier for prediction of gastric cancer survival and adju-
vant chemotherapeutic benefit. Clin Cancer Res. https://doi.
org/10.1158/1078-0432.CCR-18-0848

Li Z et al (2018) Computed tomography-based radiomics for
prediction of neoadjuvant chemotherapy outcomes in locally
advanced gastric cancer: a pilot study. Chin J Cancer Res. https
://doi.org/10.21147/.issn.1000-9604.2018.04.03

Xing C, Cai Z, Gong J, Zhou J, Xu J, Guo F (2018) Identifica-
tion of potential biomarkers involved in gastric cancer through
integrated analysis of non-coding RNA associated competing

@ Springer


https://doi.org/10.1001/jamasurg.2018.4267
https://doi.org/10.1007/s11605-019-04382-y
https://doi.org/10.1007/s11605-019-04382-y
https://doi.org/10.5230/jgc.2017.17.e17
https://doi.org/10.5230/jgc.2017.17.e17
https://doi.org/10.3389/fmed.2019.00034
https://doi.org/10.1109/TBME.2016.2573285
https://doi.org/10.1109/TBME.2016.2573285
https://doi.org/10.1007/s10120-016-0601-9
https://doi.org/10.1007/s10120-016-0601-9
https://doi.org/10.21037/acs.2017.03.14
https://doi.org/10.1001/jamasurg.2018.0501
https://doi.org/10.1001/jamasurg.2018.0501
https://doi.org/10.1371/journal.pone.0142591
https://doi.org/10.3390/ijerph16132290
https://doi.org/10.1111/dote.12347
https://doi.org/10.1186/s12885-018-3991-8
https://arxiv.org/abs/1506.05101
https://doi.org/10.1200/cci.18.00002
https://doi.org/10.1200/cci.18.00002
https://doi.org/10.1007/s10120-018-0793-2
https://doi.org/10.1007/s10120-018-0793-2
https://doi.org/10.1016/s1470-2045(19)30637-0
https://doi.org/10.1016/s1470-2045(19)30637-0
https://doi.org/10.1016/j.gie.2018.11.011
https://doi.org/10.1016/j.gie.2018.11.011
https://doi.org/10.1016/j.cmpb.2017.09.005
https://doi.org/10.1016/j.cmpb.2017.09.005
https://doi.org/10.3892/or.2017.6163
https://doi.org/10.1038/s41467-018-03828-2
https://doi.org/10.1200/jco.2017.35.4_suppl.164
https://doi.org/10.1245/s10434-018-6343-7
https://doi.org/10.1007/s00330-018-5861-9
https://doi.org/10.1007/s00330-018-5861-9
https://doi.org/10.14309/ctg.0000000000000079
https://doi.org/10.14309/ctg.0000000000000079
https://doi.org/10.1186/1471-2407-11-10
https://doi.org/10.1186/1471-2407-11-10
https://doi.org/10.1007/s00261-019-02098-w
https://doi.org/10.1007/s00261-019-02098-w
https://doi.org/10.1200/cci.17.00065
https://doi.org/10.1158/1078-0432.CCR-18-0848
https://doi.org/10.1158/1078-0432.CCR-18-0848
https://doi.org/10.21147/j.issn.1000-9604.2018.04.03
https://doi.org/10.21147/j.issn.1000-9604.2018.04.03

378

Updates in Surgery (2020) 72:355-378

151.

152.

153.

154.

155.

156.

157.

158.

endogenous RNAs network. Clin Lab. https://doi.org/10.7754/
Clin.Lab.2018.180419

Evrard S et al (2016) From a comic opera to surcare an open
letter to whom clinical research in surgery is a concern: announc-
ing the launch of surcare. Ann Surg. https://doi.org/10.1097/
SLA.0000000000001700

Tanis E et al (2016) The European Organization for Research and
Treatment for Cancer (EORTC) strategy for quality assurance
in surgical clinical research: assessment of the past and moving
towards the future. Eur J Surg Oncol. https://doi.org/10.1016/].
€js0.2016.04.052

Zhang KC, Chen L. Emphasis on standardization of mini-
mally invasive surgery for gastric cancer. Zhonghua wai ke
za zhi [Chin JSurg]. 56(4):262-264. https://doi.org/10.3760/
cma.j.issn.0529-5815.2018.e003

Busweiler LAD et al (2017) The influence of a composite hos-
pital volume on outcomes for gastric cancer surgery: a Dutch
population-based study. J Surg Oncol. https://doi.org/10.1002/
j80.24562

Fischer C et al (2017) Volume-outcome revisited: the effect of
hospital and surgeon volumes on multiple outcome measures
in oesophago-gastric cancer surgery. PLoS ONE. https://doi.
org/10.1371/journal.pone.0183955

Gabriel E, Narayanan S, Attwood K, Hochwald S, Kukar M,
Nurkin S (2018) Disparities in major surgery for esophagogastric
cancer among hospitals by case volume. J Gastrointest Oncol.
https://doi.org/10.21037/jg0.2018.01.18

Mukai Y, Kurokawa Y, Takiguchi S, Mori M, Doki Y (2017)
Are treatment outcomes in gastric cancer associated with either
hospital volume or surgeon volume? Ann Gastroenterol Surg.
https://doi.org/10.1002/ags3.12031

Parikh D, Johnson M, Chagla L, Lowe D, McCulloch P (1996)
D2 gastrectomy: Lessons from a prospective audit of the learning
curve. BrJ Surg. https://doi.org/10.1002/bjs.1800831134LK

@ Springer

159.

160.

161.

162.

163.

164.

165.

Kim CY et al (2016) Learning curve for gastric cancer surgery
based on actual survival. Gastric Cancer. https://doi.org/10.1007/
s10120-015-0477-0

Song JH, Choi YY, An JY, Kim DW, Hyung WJ, Noh SH
(2015) Short-term outcomes of laparoscopic total gastrectomy
performed by a single surgeon experienced in open gastrec-
tomy: review of initial experience. J Gastric Cancer. https://doi.
0rg/10.5230/jgc.2015.15.3.159

Fecso AB, Bonrath EM, Grantcharov TP (2016) Training in lapa-
roscopic gastric cancer surgery in the western world: current
educational practices, challenges, and potential opportunities at
a large university centre. J Surg Educ. https://doi.org/10.1016/j.
jsurg.2016.03.003

Choi YY, Song JH, An JY (2016) Reply: factors favorable
to reducing the learning curve of laparoscopic gastrectomy
for gastric cancer. J Gastric Cancer. https://doi.org/10.5230/
jgc.2016.16.2.128

Wilkinson N (2012) Management of gastric cancer, an issue
of surgical oncology clinics-e-book. Elsevier Health Sciences,
2012, ISBN: 1455743178,9781455743179

Choi YY et al (2019) Ten thousand consecutive gastrectomies
for gastric cancer: perspectives of a master surgeon. Yonsei Med
J. https://doi.org/10.3349/ymj.2019.60.3.235

Antonakis PT, Ashrafian H, Isla AM (2014) Laparoscopic gastric
surgery for cancer: where do we stand? World J Gastroenterol
20(39):14280-14291. https://doi.org/10.3748/wjg.v20.i39.14280

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


https://doi.org/10.7754/Clin.Lab.2018.180419
https://doi.org/10.7754/Clin.Lab.2018.180419
https://doi.org/10.1097/SLA.0000000000001700
https://doi.org/10.1097/SLA.0000000000001700
https://doi.org/10.1016/j.ejso.2016.04.052
https://doi.org/10.1016/j.ejso.2016.04.052
https://doi.org/10.3760/cma.j.issn.0529-5815.2018.e003
https://doi.org/10.3760/cma.j.issn.0529-5815.2018.e003
https://doi.org/10.1002/jso.24562
https://doi.org/10.1002/jso.24562
https://doi.org/10.1371/journal.pone.0183955
https://doi.org/10.1371/journal.pone.0183955
https://doi.org/10.21037/jgo.2018.01.18
https://doi.org/10.1002/ags3.12031
https://doi.org/10.1002/bjs.1800831134LK
https://doi.org/10.1007/s10120-015-0477-0
https://doi.org/10.1007/s10120-015-0477-0
https://doi.org/10.5230/jgc.2015.15.3.159
https://doi.org/10.5230/jgc.2015.15.3.159
https://doi.org/10.1016/j.jsurg.2016.03.003
https://doi.org/10.1016/j.jsurg.2016.03.003
https://doi.org/10.5230/jgc.2016.16.2.128
https://doi.org/10.5230/jgc.2016.16.2.128
https://doi.org/10.3349/ymj.2019.60.3.235
https://doi.org/10.3748/wjg.v20.i39.14280

	Global updates in the treatment of gastric cancer: a systematic review. Part 2: perioperative management, multimodal therapies, new technologies, standardization of the surgical treatment and educational aspects
	Abstract
	Introduction
	Methods
	Perioperative management: ERAS protocol applied to gastrectomy
	Multimodal therapies
	New technologies, data-driven-based research and educational updates
	a) New surgical technologies
	b) Large-scale databases, big data and artificial-intelligence (AI)-based research
	c) Standardization of GC surgery and educational aspects

	Conclusions
	References




