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Abstract

Gastric cancer has an important place in the worldwide
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incidence of cancer and cancer-related deaths. It
can metastasize to the lymph nodes in the early
stages, and lymph node metastasis is an important
prognostic factor. Surgery is a very important part of
gastric cancer treatment. A D2 lymphadenectomy is
the standard surgical treatment for cTIN+ and T2-T4
cancers, which are potentially curable. Recently,
the TNM classification system was reorganized, and
the margins for gastrectomy and lymphadenectomy
were revised. Endoscopic, laparoscopic and robotic
treatments of gastric cancer have progressed rapidly
with development of surgical instruments and tech-
niques, especially in Eastern countries. Different
endoscopic resection techniques have been identified,
and these can be divided into two main categories:
endoscopic mucosal resection and endoscopic sub-
mucosal dissection. Minimally invasive surgery has
been reported to be safe and effective for early gastric
cancer, and it can be successfully applied to advanced
gastric cancer with increasing experience. Cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy
were developed as a combined treatment modality
from the results of experimental and clinical studies.
Also, hyperthermia increases the antitumor activity
and penetration of chemotherapeutics. Trastuzumab
which is a monoclonal antibody interacts with human
epidermal growth factor (HER) 2 and is related to gastric
carcinoma. The anti-tumor mechanism of trastuzumab is
not clearly known, but mechanisms such as interruption
of the HER2-mediated cell signaling pathways and cell
cycle progression have been reported previously. A.
pylori is involved in 90% of all gastric malignancies
and Japanese guidelines strongly recommend that all
H. pylori infections should be eradicated regardless
of the associated disease. In this review, we present
innovations discussed in recent studies.

Key words: Gastric; Cancer; Endoscopic mucosal
resection; Endoscopic submucosal resection; Minimally
invasive surgery; Neoadjuvant chemotherapy; Human
epidermal growth factor receptor 2
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Core tip: Gastric cancers are distinguished from other
cancers by their high mortality and morbidity. Many
studies have been conducted to improve the quality
of life and extend the survival rates of patients, and
some of these studies are ongoing. Although promising
developments have been made in recent years, the
obtained results have limited reliability and benefits. We
believe that significant improvements in the treatment
of gastric cancer will be developed according to the
long-term results of ongoing randomized clinical trials.
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INTRODUCTION

Gastric cancer is in the fifth most common cancer
worldwide but it has the third highest incidence of
death!"!. Gastric cancer usually does not metastasize
to the distant organs until the third stage, but it can
metastasize to the lymph nodes during the early
stages, which is an important prognostic factor.
Metastatic lymph nodes are correlated with the depth
(T level) of the cancer. The recurrence observed after
a D2- lymph node dissection (LND) is different from
the recurrence observed after limited surgery, and
locoregional recurrence can occur in most patients
who undergo limited surgery. In addition, a minority
of patients without perigastric lymph node metastasis
can skip metastasis to distant lymph nodes®?!,
The CA19-9 value is associated with the number
of metastatic lymph nodes, and elevated CA19-9
values are significantly correlated (P = 0.008) with
the number of metastatic lymph nodes. This could be
useful for selecting advanced gastric cancer’®.. Curative
surgery for gastric cancer consists of the excision
of the mesogastrium, which contains lymph nodes
and the omentum, with adequate surgical margins.
The Japanese Research Society for the Study of
Gastric Cancer (JRSGC) standardized the lymph node
dissection for gastric cancer.

According to the JRSGC, a gastrectomy without D2-
LND can only provide palliation. D2-LND was used to
extend the lymphadenectomy in the 1960’s in Japan.
Currently, a para-aortic lymphadenectomy is defined as
an extended lymphadenectomy. However, a D2-LND is
known as an extended lymphadenectomy in Western
countries™®. Innovations of gastric cancer therapies
include revising the gastrectomy and lymphadenectomy
margins; reorganization of the TNM classification;
developments in the endoscopic, laparoscopic and
robotic treatment of gastric cancer; and innovations in
cytoreductive, neoadjuvant and targeted therapies.
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REVISIONS FOR GASTRECTOMY AND
LYMPHADENECTOMY FOR GASTRIC
CANCER

The classifications of lymph nodes have been up-
graded intermittently since their first publication in
1962. Lymph node groups were classified as N1-
N2-N3-N4, according to cancer location, in the first
English edition”). The groups were formed based on
the incidence of lymph node metastasis and according
to the cancer location and the survival rate. The lymph
nodes in the “N” groups were upgraded periodically.
For example lymph node “7” was originally located in
the “N2" group. However, in the third English edition,
it was included in the “N1” group. The lymph nodes
were grouped into 4 main groups (N1-3 and M1) in
the second English edition'®. This classification was
misunderstood such that "N1 and N2” lymph node
dissections were thought to be equal to "D1 and D2"
lymph node dissections in countries outside of Japan®.
This definition did not fully coincide with the Japanese
classification system determined according to tumor
location. For example, if the cancer was located in the
proximal part of the stomach, the left paracardial lymph
node (No. 2) was defined as N1; if the cancer was
located in the corpus of the stomach, the left paracardial
lymph node (No. 2) was defined as N3, and if the
cancer was located in the distal part of the stomach,
the left paracardial lymph node (No. 2) was defined as
M (metastatic). This confusion is based on the difficulty
of defining the classification. This complex classification
system changed in 2010M%. “D” dissection types (DO,
D1, D1+, D2) are defined according to the type of total
or subtotal gastrectomy instead of the old classification
system™*! (Table 1). This classification system was more
practical and easier to understand than the others.

DO dissection is performed less often than D1
dissection. D1 dissection is preferred for Tla cancers
that are not suitable for endoscopic mucosal resection
(EMR) or endoscopic submucosal dissection (ESD).
In addition, cT1bNO, well differentiated, < 1.5 cm
cancers are suitable for D1 dissection. D1+ dissection
includes cT1INO tumors that are not suitable for D1
dissection (> 1.5 cm, poorly differentiated cancers).
D2 dissection is suitable for the gastric cancers
consisting of potentially curable T2-T4 and/or cT1N+
tumors. D2+ dissection involves removing the para-
aortic lymph nodes in addition to the D2 lymph nodes.

Mesenteric vein lymph node dissection (No. 14v)
is described as a part of the D2 dissection for distal
gastric cancers in the previous edition of the guidelines.
However, in the current edition, these lymph nodes
are removed from the classification. Furthermore,
removing the No.14v lymph nodes can be useful if
apparent metastasis to the subpyloric lymph nodes
(No. 6) occurs, and this dissection is called D2+No.14v.
According to the latest guidelines, lymph nodes behind
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Table 1 Lymph node dissections according to gastrectomy
type for gastric cancer
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Table 2 Comparison of the sixth and the seventh TNM

staging systems for the pT and pN stages

Type of Type of Retrieved lymph node Tumor localization 6" TNM 7" TNM
gastrectomy disection stations staging system staging system
Total DO Less than D1 Lamina propria or muscularis mucosa T1 Tla
D1 No. 1-7 Submukoza T1 T1b
D1+ D1 + No. 8a, 9, 11p' Muscularis propria T2a T2
D2 D1 + No. 8a, 9, 10, 11p, 11d, 12a" Subseroza T2b T3
Distal subtotal DO Less than D1 Serozal invasion T3 T4a
D1 No. 1, 3,4sb, 4d, 5,6,7 Adjacent organ invasion T4 T4b
D1+ D1 + No. 8a, 9 1-2 lymp node metastasis N1 N1
D2 D1 + No. 8a, 9, 11p, 12a 3-6 lymp node metastasis N1 N2
Pylor preserving DO Less than D1 7-15 lymp node metastasis N2 N3a
D1 No. 1, 3,4sb, 4d, 6,7 = 16 lymp node metastasis N3 N3b
D1+ D1+ No. 8a, 9
Proximal DO Less than D1
b1 No. 1,2, 3a, 4sa, 4sb, 7 staging system, are shown in Table 2.
D1+ D1 + No. 8a, 9,11p

'If the cancer has invaded the esophagus, the No. 110 lymph node must
be removed in addition to D1+ dissection, and the No. 19, 20, 110 and 111
lymph nodes must be removed in addition to D2 dissection; “The No. 110
lymph node must be removed in addition to D1+ dissection.

the pancreatic head (No.13) must be dissected if the
cancer has invaded the duodenum, and this dissection
is defined as D2+ No.13. A prophylactic para-aortic
lymphadenectomy is not recommended due to the
increased number of postoperative complications
and the reduced survival, according to a Japanese
randomized dlinical trial (RCT) (JCOG 9501)"2. In the
absence of direct invasion of the spleen and macroscopic
splenic hilar lymph node metastasis, a splenectomy for
dissection the splenic hilum (No. 10) and splenic artery
(No. 11) lymph nodes is controversial. The results of
RCT JCOG 0110 will provide guidance!*® on this matter.

DEVELOPMENTS IN THE TNM STAGING

SYSTEM FOR GASTRIC CANCER

The TNM staging system is the gold standard for
staging of all types of cancers. The depth of the cancer
and number of the metastatic lymph nodes are the
most important prognostic factors for curative gastric
cancer surgery. Two major staging systems exist for
gastric cancer. The first system is the Japanese Gastric
Carcinoma Classification (JGCC) which is based on the
location of the metastatic lymph node, and the second
is the Union Internationale Contre le Cancer/American
Joint Committee Cancer (UICC/AJCC) TNM staging
system, which is based on the number of metastatic
lymph nodes™,

The TNM classification system was adapted to the
JGCC in 2009 and called the UICC/AJC TNM staging
system in the 7" edition. This system can be effective
for evaluating the clinical and pathological data and
for minimizing the stage migration phenomenon. The
main principles of pT and pN, according to this new
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Another important difference between sixth and
seventh TNM staging systems is that MO patients could
have been classified as stage IV in the sixth edition.
However, in the seventh edition, only M1 patients
(positive peritoneal fluid and liver, lung, bone, or brain
metastasis) are classified as stage IV. In addition,
a stage IIIC sub-group has been added (T4aN3MO,
T4bN2MO, and T4bN3MO0). Esophagogastric cancers
that have not invaded the esophagus and that are
below the Z line are included in the gastric cancer TNM
staging system. Esophagogastric cancers that are
located in the proximal 5 cm area or that have invaded
the esophagus are included in the esophageal cancer
TNM staging system'**,

Some authors have suggested that the UICC/
AJCC TNM staging system can cause stage migration
phenomenon™®. Patients with less than 15 lymph nodes
removed were not included in the N3 classification in the
sixth edition of the TNM staging system. Stage migration
phenomenon can be prevented because the presence
of 7 or more metastatic lymph nodes is classified as
N3 in the seventh edition. However, this issue is still
controversial. The reduction of the stage migration
has not yet been shown in the seventh edition of the
UICC/AICC TNM staging system™”), In clinical practice,
especially when considering adjuvant treatment, the true
staging of gastric cancer is very important®, Additionally,
after removing an insufficient number of lymph nodes
and staging the gastric cancer according to the UICC/
AJCC TNM staging system of these lymph nodes, the
prognosis of patient will be poorer than expected. A
new classification system that is based on the ratio of
metastatic lymph nodes to the total number of lymph
nodes removed (N ratio) has been proposed for more
accurate staging of gastric cancer and a more reliable
prognostic assessment!**#!, However, this classification
system is in the hypothetical stage. Determining the cut-
off value and the fact that this system is only useful for
patients with less than 15 lymph nodes removed are the
main problems for N ratio staging. The N ratio staging
system requires further study.
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ENDOSCOPIC INTERVENTIONS FOR
EARLY GASTRIC CANCER

Surgical resection has long been the primary treatment
for gastric cancers. Minimally invasive surgery and
endoscopic treatment modalities have been used
with increasing frequency to prevent the mortality
and morbidity caused by conventional surgery. With
these new interventions, less invasive and less costly
treatment protocols that do not have any negative
impact on oncologic outcomes, preserve physiological
functions, and improve the quality of life after surgery
have been developed.

Different endoscopic resection (ER) techniques
have been identified, and these can be divided into two
main categories: endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD)?*24,

Patients with very low risk for lymph node metastasis
and local recurrence are ideal candidates for ER. Early
gastric cancer (EGC) is a limited malignant lesion in the
gastric mucosa and submucosa, regardless of lymph
node metastasis, and has excellent survival rates with
curative treatment!, However, despite the reported
high long-term survival rate, 3% of mucosal cancers
and 20% of submucosal cancers exhibit lymph node
metastasis®®®. The first indications for ER (differentiated
cancer, < 2 cm tumor, and lesions with no ulceration
or lymphovascular invasion that are limited to the
mucosa) were determined empirically®’. The extended
indications for ER are still being discussed.

Japanese and South Korean gastric cancer treat-
ment guidelines recommend that extended indications
for ER should not be used for routine clinical practice,
only for clinical research, due to the lack of high level
evidence regarding the curative effect of ER™*®, In
addition, the guidelines also suggest that ER should
be applied according to standard indications. However,
some gastric cancer treatment guidelines [National
Comprehensive Cancer Network (NCCN), the European
Society for Medical Oncology (ESMO), the European
Society of Surgical Oncology (ESSO) and the European
Society of Radiotherapy and Oncology (ESTRO)] have
suggested that obtaining negative horizontal and
vertical margins with ER is adequate for the treatment
of gastric cancers that are < 2 cm, are well/moderately
differentiated, have no lymphovascular invasion and
are not located under the submucosa™.

We can assess to the high level of evidence of
the efficacy and safety of ER with the results of
randomized clinical trials that compare gastrectomy
and ER. However, no randomized clinical trials have
compared ER and gastrectomy. The initial information
generated by compiling data from 12 institutions
in Japan indicates that if negative horizontal and
vertical margins are present, EMR is an effective
and safe treatment™. According to these results,
EMR has a 75.8% en bloc resection rate, a 73.9%
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complete resection rate, a 1.9% recurrence rate after
complete resection, and a 99% gastric cancer-specific
survival rate. Recently, in a matched cohort study
that compared EMR and gastrectomy, no difference
was observed in the complication rates in terms of
survival and recurrence between the groups. The risk
of metachronous gastric cancer was higher in the EMR
group, but shorter hospital stays and lower costs were
reported as the benefits of the EMR procedure!®".,

The use of ER increased when ESD was applied, and
higher curative resection rates than those produced
by EMR were obtained. Although different results
from various clinical centers were obtained, rates of
65%-100% for unblocked resection, 68%-95% for
complete resection, 94%-100% for 5-year recurrence-
free survival and 95%-100% for 5-year survival have
been reported for ESD”>?*, According to a meta-
analysis examining 3548 EGC cases and comparing
EMR and ESD, ESD produced higher unblocked
resection rates (odds ratio: 9.69; 95%CI: 7.74-12.13),
higher complete resection rates (odds ratio: 5.66;
95%CI, 2.92-10.96) and lower recurrence rates (odds
ratio: 0.10; 95%CI: 0.06-0.18)"4,

In another meta-analysis, standard ESD criteria
were compared to the extended ESD criteria. No
differences in the overall survival rates were found
between the ESD and extended ESD groups. However,
a higher rate of complications was observed in the
extended ESD group™. In a retrospective study, ESD
was compared to gastrectomy, and similar oncological
results were obtained. However, lower complication
rates were observed in the ESD group™®. Although
the ESD procedure is considered adequate for many
EGC patients, histopathological examinations have
shown that in 5%-20% patients, the procedure is non-
curative®”), Due to the risk of lymphatic metastasis
and non-standard presentations (deep submucosal
invasion and the presence of lymphovascular invasion),
surgical resection with a lymphadenectomy should
be performed. Surgery is suggested in the presence
of positive lateral surgical margins; however, ER,
endoscopic ablation therapy or close monitoring are
also feasible™®**!, The oncologic efficacy of ER has not
been supported by a high level of evidence because
most recent studies have consisted of retrospective
comparisons of non-homogenous groups?®®. In
addition, the clinical studies were performed mostly
in the South Korea or Japan, which have a 50% rate
of EGC. In Western countries, EGC is performed at
lower rates; therefore, ER has been applied at lower
rates than in Japan or South Korea. Due to these
reasons, the applicability of ER by endoscopists is
limited™®. Detecting the early stages of gastric cancer
and more widespread use of ER modalities for selected
indications will be possible with the implementa-
tion of standardized training modules in Western
countries®*,
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MINIMALLY INVASIVE SURGERY FOR
GASTRIC CANCER (LAPAROSCOPIC AND
ROBOTIC SURGERY)

Laparoscopic surgery

Minimally invasive surgery (MIS) has been increasingly
performed due to new surgical tools and the de-
velopment of techniques for gastric cancer surgery.
MIS has some short-term and long-term advantages.
MIS has been reported to be safe and effective for
EGC, and it can be successfully applied to advanced
gastric cancer (AGC) with increasing experience!**,
T1 gastric cancer, which has clinically been shown
to exhibit perigastric lymph node involvement, and
gastric cancer, which has no serosal and lymph node
involvement, are expanded indications for MIS®. The
laparoscopic assisted distal gastrectomy (LADG) was
described for EGC in 19911, LADG for EGC has shown
short-term benefits, such as reduced intraoperative
blood loss and providing early postoperative
mobilization, in a meta-analysis of RCTs!*”). The short-
term results of laparoscopic gastrectomy (LG) are
favorable, but the long-term results for gastric cancer
are still controversial. Despite the increasing use of
laparoscopic surgery for gastric cancer, a low level of
evidence exists. Six RCTs have compared LG and open
gastrectomy (0G)*®*, Recently, Chen et al** reported
a meta-analysis that included 7336 patients and 23
studies. In this meta-analysis, the 5-year survival
and death related to the gastric cancer rates were
compared between the LG and OG groups. The 5-year
overall survival, recurrence and gastric cancer-related
death rates were comparable for LG and OG. The
authors suggested that, based on current information
at the end of the study, LG provided oncologic safety
for early and advanced gastric cancer surgery. LADG
has been compared with the open distal gastrectomy
(ODG) in some studies, and no significant difference
has been found in the 3-year survival rates®>>",
Choi et al*® reported no significant differences in the
overall survival and disease free survival rates over a
long period. Zhang et al*® also found no significant
differences in recurrence rates between LG and OG
for EGCs. Tang et al'® published a review consisting
of 32 independent studies that compared LG and OG.
They reported less intraoperative blood loss, less pain,
earlier return to mobilization, earlier return of bowel
sounds and shorter hospital stay as benefits of LG and
found no difference in mortality between LG and OG.
In addition, they stated that the increased operation
time is the only disadvantage of LG, which can be
solved by developing surgical techniques.

Fewer lymph nodes were removed during the
first applications of MIS than by OG™. However, the
number of the lymph nodes removed became similar
to that of OG as surgeons gained experience!®. LG
is defined as a safe, feasible procedure, especially for
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EGC, in many studies, and this statement is widely
accepted®®®, The success of this method depends
on factors such as the experience of the surgeon,
surgeon’s experience with laparoscopy, hospital
volume and gastric cancer volume of the surgeon, and
preoperative diagnosis. These factors have been found
in many studies™,

With the development of surgical instruments
and the increasing experience of surgeons, efforts
have been made to decrease the number of ports
used for MIS and to develop a single incision techni-
que'®. However, carbon dioxide pneumoperitoneum,
increased intra-abdominal pressure, prolonged
operative time, less lymph node removal, port site
metastases and technical issues are still problems for
laparoscopic gastric cancer surgery!’®’l, MIS does not
increase peritoneal spread and port site metastasis
according to many studies'®®’),

The short-term results of MIS applications for AGC
have been described in the literature!**®, Authors
report that MIS is a viable option compared to OG for
selected cases. Son et al*! reported similar survival and
recurrence rates for MIS and GC for T4a cancers. In a
meta-analysis that compared OG with D2 dissection
and LG with D2 dissection, similar overall survival and
major complication rates were observed. However,
less blood loss, less pain, reduced minor postoperative
complications and shorter hospital stays were reported
for the LG patients'®®. However, some experienced
surgeons have suggested that current surgical ins-
truments are not sufficient for D2 dissection during
MIS for AGC, and they have published their oncological
results!*®®7°, Some ongoing RCTs (JOCG-0912,
JLSSG-0901, KLASS-01, KLASS-02, and CLASS-01)
are being performed to assess the feasibility of MIS in
Korea, Japan and China”*”*.

Robotic surgery

Robotic technology has developed new tools for use in
MIS during the past decade!?. The first robot-assisted
gastrectomy (RAG) was reported by Hashizume and
Sugimachi in 2003”7, RAG has been used for gastric
cancer surgery to overcome the technical difficulties
of LG”.. RAG has potential technical advantages such
as providing a three-dimensional image, articulated
instruments, and allowing for precise movement. In
addition, RAG has spread rapidly™*?. Compared to the
LG, RAG provides better images and movements. RAG
is more effective and safe than LG according to many
experienced surgeons!’®7?,

In a meta-analysis by Xiong et a/®”, LG and RAG
were compared regarding their effects on gastric
cancer treatment. RAG produced less intraoperative
blood loss and comparable mortality and morbidity
rates. However, the operation time was significantly
longer than that for LG and OG.

The potential advantages of RAG include facilitation
of intra-corporeal anastomosis and allowing extended
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Table 3 Ongoing multicentric studies of minimally invasive

surgery

Country Study Subject

Japan JCOG 0912 Phase I LG vs OG

South Korea KLASS 01 Phase 1l LG vs OG

South Korea KLASS 02-NCT01456598 LG vs OG (for AGC)

Japan JLSSG0901 Phase IT-1I LG vs OG (for AGC)

China CLASS 01-NCT01609309 LG vs OG (for AGC)

South Korea KLASS 03-NCT01584336 LG vs OG (for TG)
Phase I

South Korea NCT01309256 LG vs RAG

AGC: Advanced gastric cancer; LG: Laparoscopic gastrectomy; OG: Open
gastrectomy; RAG: Robot asisted gastrectomy; TG: Total gastrectomy.

lymph node dissection. However, inconsistent results
have been presented in the literature regarding this
subject®”. RAG would be useful for overcoming the
challenges of traditional LG, but it has not provided the
theoretical advantages of lymph node dissection**.
RCTs involving RAG have not been reported, However,
the recent meta-analyses are weak and include few
patients®®",

The overall and major complication rates were
similar to the short-term surgical results of the
multicenter NCT01309256 study from Korea (11.9 vs
10.3 and 1.1% vs 1.1%, respectively). However, the
operation costs (US $13432 vs US $8090, P < 0.001)
and time (221 min vs 178 min, P < 0.001) were
significantly higher for RAG™®.

ONGOING MULTICENTRIC STUDIES OF

MINIMALLY INVASIVE SURGERY

The final results of the KLASS 01 Phase III study for
stage I gastric cancer patients are expected to show
the oncologic safety of the treatments. In the early
results of this study, no significant differences were
found between the LG and OG groups regarding
mortality and morbidity. No significant difference
between the MIS and OG groups regarding 3-year
overall survival rates were observed according to the
first results of the multicentric KLASS 02-NCT01456598
study. Phase II and Il studies (JLSSG0901 trial;
UMIN-000003420) are being conducted by the Japa-
nese Laparoscopic Gastric Surgery Study (JLSSG)
group to investigate the technical and oncologic safety
of laparoscopic treatment. The feasibility and the
oncological safety of laparoscopic treatment of AGC
are being investigated by the Chinese Laparoscopic
Gastrointestinal Surgical Study Group (CLASS) in the
CLASS 01-NCT01609309 study. The ongoing phase
2 KLASS 03-NCT01584336 study is investigating
the feasibility and safety of laparoscopic and open
gastrectomy for stage 1 gastric cancer patients in
Korea. In addition, the NCT01309256 study continues
to compare RAG and LG (Table 3).
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INTRAPERITONEAL CHEMOTHERAPY

Gastric cancer is a biologically aggressive tumor. The
prognosis is poor even if curative surgery can be
performed. For higher stages of stomach cancer, the most
common form of invasion is peritoneal metastasis®*.
Almost all patients with positive peritoneal cytology
progress to peritoneal carcinomatosis and die within
the first two years of the disease®®. The peritoneum is
supported by the basal membrane of mesothelial cells
and connective tissue. The blood- peritoneal barrier is
located between the mesothelial cells and mesothelial
capillaries. Few systemic chemotherapeutic agents can
pass through this barrier. Additionally, intraperitoneal
chemotherapy has less adverse effects and produces a
higher dose in the intraperitoneal regions than systemic
chemotherapy™®. Intraperitoneal chemotherapy can be
given preoperatively and during the early postoperative
period (EPIC). Intraperitoneal chemotherapy, given
preoperatively, is aimed to prevent micro metastasis,
increase the chance of curative resection and perform
a complete cytoreduction. EPIC is given as soon as the
general condition of the patient has recovered after
surgery. It is started during the period in which the
minimal residual tumor load is present and before the
residual cancer cells become hidden between fibrin
depositst®®.

EXTENSIVE INTRAOPERATIVE
PERITONEAL LAVAGES

Kuramoto et al'®! developed a treatment modality
called “extensive intraoperative peritoneal lavage
treatment” (EIPL), which aims to destroy the free
cancer cells spreading into the peritoneum. After
a curative resection is performed, the abdomen is
washed with 1 liter of isotonic saline and aspirated.
Then, this procedure is repeated 10 times. The aim of
this method, which is called “Limiting dilution method”,
is to remove the free cancer cells in the peritoneum by
washing with isotonic saline. A prospective randomized
controlled study was performed that included 1522
patients with higher stage stomach cancer who had
undergone curative resection (R0O) and D2 dissection.
Then, 88 patients with positive cytology and without
peritoneal invasion (CY+/P-) were divided into 3
groups. Surgery alone was performed on for the
first group. The second group was treated with intra-
peritoneal chemotherapy, and the third group was
treated with EIPL+intraperitoneal chemotherapy. In the
group given prophylactic intraperitoneal chemotherapy
and intraoperative peritoneal lavage, the 5-year
survival rate was markedly increased compared to the
other group. The 5-year survival rates of each of the
three groups were 0%, 4.6% and 43.8%, respectively.
Standard prophylactic treatment against peritoneal
metastasis has been reported as an effective treat-

May 7, 2016 | Volume 22 | Issue 17 |



ment modality. It is practical, can be performed in any
situation, and does not extend the operation time. In
the reported studies, prophylactic treatments used to
prevent peritoneal metastasis in the early period has
been shown to be promising!®*®"*%,

CYTOREDUCTIVE SURGERY AND
HYPERTHERMIC INTRAPERITONEAL

CHEMOTHERAPY

Cytoreductive surgery (CRS) and hyperthermic intra-
peritoneal chemotherapy (HIPEC) were developed
as a combined treatment modality from the results
of experimental and clinical studies®. In the 1990’
s Sugarbaker described the surgical method in
detail. Complete cytoreduction must be performed
before HIPEC is administered. Hyperthermia in-
creases the antitumor activity and penetration of
chemotherapeutics®,

A meta-analysis of the results of 13 randomized
studies (1648 cases) examined the benefits of
adjuvant intraperitoneal chemotherapy after curative
gastric cancer resection. It reported that patients who
received intraperitoneal chemotherapy exhibited better
survival®, Yang et af*** reported median survival times
of 11 and 6.5 mo, respectively, in their prospective
randomized phase Il clinic study that compared the
effects of CRS + HIPEC and CRS alone on 68 patients
with gastric peritoneal carcinomatosis.

The survival time was increased to 13.5 mo after
complete macroscopic cytoreduction (CC-0/1). Gill
et al®" summarized the data of 10 studies (n =
445), including one prospective controlled study, 3
retrospective case reports and 6 prospective case
series, in which they found a median survival time of
15 mo (9.5-43.4 mo) for CC-0/1 patients. Additionally,
the study results of pioneering authors such as
Fujimoto, Sugarbaker, Glehen and Yonemura showed
that the median survival time ranged between 11
and 16 mo in patients who underwent HIPEC with
partial or complete cytoreduction®®*, Systemic
chemotherapy produces a very limited survival benefit
for patients who undergo CRS and HIPEC, increasing
the life expectancy by 30%. This shows that systemic
chemotherapy and HIPEC are more beneficial for
patients who have been surgically treated. Koga et
al*® investigated the benefits of HIPEC as an adjuvant
therapy for the prevention of peritoneal recurrence
in a limited number of patients with gastric cancer
and serosal invasion in a randomized clinical study.
They found 3-year survival rates of 67.3% and 83%
in patients with surgery plus HIPEC and in the control
group.

Additionally, Hamazoe et al®”! found an increased
survival rate in patients who underwent prophylactic
HIPEC with high dose mitomycin C compared to
the control group (64.2% vs 52.5% respectively).
However, a randomized clinical study by Fujimoto,
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Fujimura and Yonemura showed that adjuvant HIPEC
treatment decreased peritoneal recurrence and
increased the survival rates of AGC patients®®°%,
Only one prospective randomized study showed
that adjuvant HIPEC treatment produces no survival
advantage!®!, The SRC and HIPEC multimodal
combined treatment can only produce survival benefits
for patients with gastric peritoneal carcinomatosis
with well-defined boundaries. However, more detailed
clinical studies are needed to determine the role of
modern systemic chemotherapy™®.

NEO-ADJUVANT CHEMOTHERAPY FOR
GASTRIC CANCER

Pre- and post-operative chemotherapy are accepted
as the standard treatments for curable gastric cancers,
except for the stage 1 gastric cancers, in Europe
and England!'®?. These results were concluded from
the results of the Medical Research Council Adjuvant
Gastric Infusion Chemotherapy (MAGIC) study!®,
In the USA and some Latin American countries,
post-operative chemotherapy is the gold standard
because it has narrower boundaries than D2 surgery
in most patients. This result was concluded from the
results of the Inter group 0116 study™¥. Adjuvant
chemotherapy is used as the gold standard treatment
in East Asian countries that typically perform standard
D2 surgery™® %, Neo-adjuvant chemotherapy (NAC)
indications are limited in these countries, and this
method is accepted as an experimental treatment
for most curable patients. NAC is typically only
administered to patients with borderline resectable
gastric cancer or a poor prognosis after RO resection,
even though evidence supported by phase 3 studies is
lacking.

In a randomized controlled study of a large
population in Europe, perioperative chemotherapy,
including epirubicin cisplatin and 5-FU (ECF), sig-
nificantly increased overall survival and cancer free
survival compared to the surgery group alone (HR:
0.75, 95%CI: 0.60-0.93, P = 0.009)"%). Other
prospective studies of this procedure include the FFCD
9703 study and the EORCT 40954 study, which had
relatively fewer participants. Less than 250 cases
were reported in both studies, and they were ended
before reaching the planned sample size!'®*'°l, The
EORCT 40954 study does not include post-operative
chemotherapy; therefore it only determines the effect
of NAC compared to surgery alone. Though the FFCD
9703 study had completed data on 224 patients (the
planned sample size had been 250), it was statically
shown that NAC is significantly more beneficial than
surgery alone (HR: 0.69, 95%CI: 0.50-0.95, P = 0.02).
The EORCT study was ended due to a low enrollment
rate after having recorded only 114 cases. No survival
advantage was shown in this study. In the MAGIC
study, the ECF regimen was used; in the FFCD 9703
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study, a cisplatin regimen and 5-FU (CF) were used; in
the EORCT study, cisplatin, leucovorin (FLC) and 5-FU
(CF) regimens were used.

Recently, much attention has been focused on
linitis plastica, which has a worse prognosis than other
diseases that involve extensive lymph node invasion
(either large sized lymph nodes surrounding the first
branch of the celiac artery or para-aortic lymph node
metastasis)'*'?, Three phase II clinical studies have
reported a 5-year survival rate of 10% for diseases
with extensive lymph node invasion. Most of these
diseases have been classified as unresectable, and
they are treated with palliative chemotherapy in
Western countries. The survival rates were reported
only in the first two studies™'*'**. Another area of
focus is linitis plastica, which is accepted as inoperable
by some surgeons***.

Regarding ongoing studies, a Korean study is
comparing S1 monotherapy following D2 lymphade-
nectomy to NAC with Docetaxel, S-1 and Oxaliplatin
(PRODIGY study: NCT01515748). The RESONANCE
study in China (NCT01583361) is testing the effec-
tiveness of postoperative SOX treatment after D2
lymphadenectomy in addition to NAC with S1 and
Oxaliplatin™®?,

HER 2 IN GASTRIC CANCER AND
TARGETED TREATMENT

Trastuzumab is a monoclonal antibody that interacts
with human epidermal growth factor (HER) 2 and is
related to gastric carcinoma!***!, The gene amplification
and protein expression of HER2 were first reported
in 1986”1, Herceptin (trastuzumab) blocks HER2
function, and HER?2 is a treatment option fort he breast
cancer patients™'®, The anti-tumor mechanism of
trastuzumab is not clearly known, but mechanisms
such as blocking the cycle progression of the cell and
cell signaling pathways; initiating the cell mediated
cytotoxicity with antibodies; induction of anti-
angiogenesis effects and increasing receptor turnover
by endocytosis have been reported previously. Gene
amplification of HER2 using fluorescence in situ
hybridization (FISH) and protein overexpression with
immunohistochemistry (IHC) have reported HER2
levels of 16%-27.1% and 8.2%-54%, respectively™.
The trastuzumab for gastric cancer (ToGA) phase
Il international multicenter RCT compared the
clinical effect and safety of trastuzumab with that of
standard chemotherapy (capecitabine or intravenous
5-fluorouracil and cisplatin). Survival after treatment
with trastuzumab was significantly longer than
that with only standard chemotherapy (13.8 mo vs
11.1 mo, respectively, P = 0.0046). Additionally,
comparable toxicity and improvement of the time
of progression and progression free survival were
observed in the trastuzumab+ standard chemotherapy
group'?®, Treatment with trastuzumab is standard for
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the HER2 (+) patients (IHC score +3 and/or FISH-) in
the USA and Japan. Trastuzumab is recommended for
patients with an IHC score of 2+/positive FISH or an
IHC score of 3+ with high HER2 protein expression,
according to the ToGA study in Europe. Evaluation
of HER2 is essential for trastuzumab treatment™’.
The effect of trastuzumab on patients with low HER2
expression (IHC score 0/FISH positive or IHC score 1/
FISH positive) is not clear according to the ToGA study.
Interestingly, HER2 expression was higher in patients
with gastroesophageal cancers than in those with
other gastric cancers in this study (33.2% vs 20.9%,
respectively, P < 0.001)"#,

In a observational, prospective, cohort, multicenter,
study by Matsusaka et al'**?, HER 2 expression and
gene amplification were assessed, and the relationship
between HER2 status and clinicopathological findings
in Japanese gastric cancer patients with metastasis or
recurrence was investigated. A total of 1461 patients
in 157 centers were included in the study, and 1427 of
1461 patients were evaluated. The overall HER2 (+)
patient rate was 21.2%. The rate of patients with high
levels of HER2(+) (IHC score of 2+/FISH positive or
IHC score of 3+) was 15.6%, and the rate of patients
with low HER2 (+) levels was 7.0%. Multiple logistic
regression analysis showed that an intestinal type
of cancer, the absence of peritoneal metastasis and
hepatic metastases are significant independent factors
associated with the expression of HER2 positivity. An
intestinal cancer type was associated with low HER2
expression. Factors such as the type specimen fixation,
total fixation time, pH of the fixative and the time
before the fixation affected the HER2 status according
to this study. Additionally, the authors reported that
HER2 has intratumoral heterogeneity and this rate
is up to %70 in the HER2 (+) cancers. Because of
that gastric biopsies can cause false negative or false
positive results'***, Therefore, endoscopists should
consider conducting multiple biopsies. As a result,
the intestinal type of gastric cancer is an independent
factor for HER2 positivity and low HER2 expression.

The association between the HER2 gene amplifi-
cation and protein expression and the clinicopatholo-
gical findings of resectable gastric cancer patients
were investigated in another study by He et al™® A
total of 197 patients who underwent curative resection
were included in the study, and the survival rates were
noted. The amount of HER2 gene amplification was
17.7% according to Hoffman’s gastric cancer HER2
scoring system. Additionally, the HER2 (3+), HER2 (2+)
and HER2 (0/1+) rates in all patients were 9.64%,
12.69% and 77.66%, respectively. The positivity of
HER2 was higher in the intestinal type of cancer and
well differentiated cancers than in the diffuse type and
poorly differentiated cancers (28.57% vs 13.43%,
P = 0.0103 and 37.25% vs 11.64%, P < 0.0001).
The authors reported that gastric cancers that were
well differentiated, of the intestinal type, and poorly
differentiated with no metastasis to the lymph nodes
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were suitable for the targeted therapy with Herceptin.

An ongoing RCT is examining the effect of tra-
stuzumab on the HER2(+) gastric cancer patients
who have undergone an extended lymphadenec-
tomy. The results of this study will provide detailed
information!**?.

An accurate and standardized scoring system of
HER?2 is important for the Herceptin therapy and useful
for the selection of gastric cancer patients.

HELICOBACTER PYLORI IN GASTRIC
CANCER

Helicobacter pylori (H. pylori) which is involved in
90% of all gastric malignancies, infects nearly 50%
of the world’s population and it is the most crucial
etiologic agent for gastric adenocarcinoma™***!, H.
pylori infection causes some clinical manifestations
such as; chronic gastritis, duodenal ulcer, gastric
ulcer/adenocarcinoma and gastric mucosa-associated
lymphoid tissue lymphoma (MALToma). The most
important H. pylori releated predisposed factors for
gastric carcinoma are bacterial virulence factors [cagA
(cytotoxin-associated gene A) and its pathogenicity
island (cag PAI) and vacA (vacuolating cytotoxin A)],
host genetic factors (IL-1 gene cluster polymorphism,
TNF-a. and IL-10 gene polymorphism) and environmental
factors (salt, smoking)"*"\. H. pylori eradication can
prevent the recurrence of peptic ulcers and MALToma
of the stomach. Also recurrence rates after endoscopic
resection of early gastric cancer is lower after H.
pylori eradication. However, it is not clear that the
eradication of H. pylori reduces the risk of gastric cancer
directly. A randomized controlled trial concluded that
the eradication of H. Pylori provided decline of gastric
cancer risk significantly after 15 years of follow-up!**®.
The well-known indications for H. pylori eradication
are peptic ulcer, MALToma, and endoscopic treatment
of early gastric cancer. However, Japanese guidelines
strongly recommend that all H. pylori infections should
be eradicated regardless of the associated disease!*.

The eradication of H. pylori varies by region. Recent
Korean and Japanese guidelines still recommend
Standard triple therapy (PPI + amoxicillin + clarith-
romycin or PPI + metronidazole + clarithromycin) as
a first-line treatment!****", However, recent European
guidelines recommend that first-line treatment should
be adjusted to clarithromycin resistance!**”. Standard
triple therapy is recommended as a first-line treatment
for the low-resistance (< 20%) regions, but bismuth
quadruple therapy or sequential/concomitant therapy
is recommended for the high-resistance (> 20%)
regions!*?.

Some authors suggested that, the process of H.
pylori-related carcinogenesis is being inhibited by
aspirin, NSAIDs, and COX-2 inhibitors and these can
prevent the development of gastric cancer'***!, Vitamin
C and antioxidants have also protective effects against
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H. pylori-induced gastric carcinogenesis™*. In a
recent meta-analysis which is including 45 randomized
controlled trials, increased H. pylori eradication was
associated with using of probiotics with standard triple
therapy™®.

On the other hand, preoperative H. pylori infection
is associated with increased survival after resection of
gastric adenocarcinoma. In a multicenter retrospective
study, H. pylori positivity was associated with longer
overall survival (84.3 mo vs 44.2 mo, P = 0.008)
for the 559 patients who had gastrectomy because
of gastric cancer. H. pylori was not associated with
recurrence free survival or disease spesific survival
in all patients. Also, H. pylori infection showed no
association with overall survival in stage 1 or stage
2 patients. But in the stage 3 patients, H. pylori was
associated with longer overall survival (44.5 mo vs
24.7 mo, P = 0.018), longer recurrence free survival
(31.4 mo vs 21.6 mo, P = 0.232), and longer disease
spesific survival (44.8 mo vs 27.2 mo, P = 0.034)"%%,

CONCLUSION

Gastric cancers are distinguished from other cancers
by their high morbidity and mortality. Many studies
have been conducted to improve the quality of life
and extend the survival rates of patients, and some
of these studies are ongoing. Although promising
developments have been made in recent years, the
obtained results have limited reliability and benefits.
We believe that significant improvements in the
treatment of gastric cancer will be developed according
to the long-term results of ongoing randomized clinical
trials.
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