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Abstract

Treatment options to gastric cancer (GC) have been changing in recent years from a standard to a tailored approach. Dif-
ferent individualized procedures can range from endoscopic resection, D2 with open or minimally invasive approach, to
neo-adjuvant therapy followed by extended surgery. In more advanced stages, a combined approach with the inclusion of
intraperitoneal chemo-hyperthermia (HIPEC) may represent a new advanced option. The inclusion of histological type
according to Laurén classification in the flowchart of treatment could increase both accuracy and effectiveness of such
tailored approach. New molecular classifications of GC have been introduced recently and translational clinical studies are
ongoing. These classifications are expected to be included in multidisciplinary treatment of GC. In particular, in the group
with microsatellite instability a less extended lymphadenectomy may be proposed. Also tailored neo-adjuvant treatment may
be proposed according to molecular classifications. The group of patients with epithelial-to-mesenchymal transition shows
very high propensity to peritoneal dissemination, as well as N-metastases, and may benefit from prophylactic HIPEC and

extended lymphadenectomy when confirmed in prospective trials.
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Introduction

Gastric cancer (GC), despite the general decreasing inci-
dence, is still one of the main causes of death for cancer
worldwide [1, 2]. Radical surgery is still the main therapeu-
tic option, and the extent of lymphadenectomy is an index of
surgical quality and a crucial step to increase the chance of
cure, above all in advanced forms (T2 and over) [3-6]. D2
lymphadenectomy is now considered the standard treatment
in most therapeutic guidelines for GC all over the world
[3-6].

A more extended dissection (D2plus) has been also pro-
posed in some selected cases to further improve prognosis
[7-12].

However, advanced stages of GC are still associated with
poor survival expectance despite an aggressive surgery;
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cases with serosal infiltration and/or extensive lymph nodal
spread poorly respond to surgical treatment only [13—15].

As such, new therapeutic options, in addition to surgery,
have been proposed, in order to increase the chance of cure
in such cases. Neo-adjuvant treatments, as demonstrated in
recent randomized trials, are of particular importance in this
way, and have been now adopted in most guidelines as part
of standard treatment of locally advanced, resectable GC
[16-18].

Advanced multimodality treatments, as intraperitoneal
chemohyperthermia (HIPEC) are also under study, in order
to prevent peritoneal recurrence of the tumor, which now
represents the main cause of failure of GC treatment in the
West [19, 20].

All these procedures are now part of the modern multi-
modality approach to GC, which has the target to tailor the
most potentially effective treatment to tumor- and patient-
related characteristics [1]. Tailored treatment, which is now
considered the most modern and advanced approach for sev-
eral diseases, is particularly important for GC, because for
such neoplasm therapeutic options could range from mini-
mally invasive procedures (such as endoscopic resections)

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13304-018-0546-0&domain=pdf

226

Updates in Surgery (2018) 70:225-232

to very extended and aggressive therapies (combined resec-
tions, HIPEC) [1].

To date, tumor stage is the main factor considered in the
selection process to properly address the appropriate thera-
peutic option. However, the histological type of GC could
also play an important role in this field. Recently, novel
molecular classifications of GC have been introduced, and
an extensive and flourishing research is now ongoing, in
order to find clinical applications to these important find-
ings [21, 22].

The aim of this review is to summarize the clinical rel-
evance of the histological and molecular characteristics
of GC, with special reference to their potential utility in
the selection process to tailor the multimodal therapeutic
options to different cases of GC.

Clinical features of different histotypes
of gastric cancer and their impact
on multimodality treatment

According to Laurén classification, gastric cancer (GC) can
be divided in three histological types: intestinal (IT), diffuse
(DT) and mixed (MT). Besides histomorphometrical charac-
teristics, IT and DT histotypes show evident differences in
their epidemiological, clinical and molecular features [23].
The IT, in its pathogenesis, usually follows the sequence
chronic atrophic gastritis, intestinal metaplasia, and dyspla-
sia. It is more common in males and older patients and is
generally linked to environmental factors. On the contrary,
the DT usually affects younger females, and is more related
to genetic factors.

The different pathogenesis is probably at the basis of the
divergent epidemiological trend of IT and DT Lauren his-
totypes. It has been reported that the declining incidence
of GC is due to the decreasing number of IT located in the
distal stomach, in consequence of the changed methods of
food preservation and the decreased prevalence of Helico-
bacter pylori infection. On the contrary, the incidence of DT
and also of IT of the proximal stomach, which has a different
pathogenesis than distal IT, are generally stable [24-26].
As a consequence of this different trend, the DT neoplasms
show a relative increase with time.

In addition, also the proportion of signet ring cell gastric
cancer has been reported to be increasing in recent years
[26], particularly in younger patient population [27].

These epidemiological trends are related to potential
clinical implications. It is well known that proximal tumors,
including those involving the esophago-gastric junction
(EGJ), are associated with greater clinical aggressiveness
and poor prognosis [28-31].

Regarding the histological types, it is recognized that the
risk of lymph node metastases is notably higher in the DT,
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compared with IT, at the same pT stage. This regards both
early forms than advanced types of GC [32]; DT is associ-
ated with higher general incidence node-positive cases, and
also overall number of involved nodes [1]. Furthermore, the
DT is also a strong risk factor for lymph node metastases in
extra-regional nodal stations, with special reference to para-
aortic nodes, but a recent report from the Italian Research
Group for Gastric Cancer (GIRCG) group indicates that even
subgroups of IT tumors have a propensity to spread to “pos-
terior” node stations (8p, 12b/p, 13) [12, 33, 34]. Accord-
ing to these characteristics of nodal spread, indications to
super-extended lymphadenectomy may differ according to
histotype. A recent retrospective study of the GIRCG group
indicate that a potential survival benefit, with a reduction
in the rate of locoregional recurrence after surgery, may be
obtained with super-extended para-aortic lymphadenectomy
in the diffuse-mixed types of GC, when compared with a D2
procedure [35]. In our opinion, histotype of GC may have a
role, in addition to other factors such as tumor stage, tumor
location and patient’s general conditions, in tailoring the
extent of lymphadenectomy for GC.

The higher risk of nodal metastases may also influence
the indications to neo-adjuvant chemotherapy according to
histotype of GC. Indeed, current indications to neo-adjuvant
chemotherapy for non-cardia GC, according to the GIRCG
guidelines, are: T3 and/or N positive clinical stage, and
patients fit for chemotherapy [6]. However, clinical stag-
ing of nodal metastases of GC is still challenging, because,
despite the increasing accuracy of CT scan, and different
criteria of clinical node positivity are used from differ-
ent groups. It has been reported that in the DT the size of
involved nodes may be smaller than the commonly used cut-
off values [33]. As such, indications to neo-adjuvant treat-
ment may be probably more extensive in the DT, due to the
higher risk of node-positivity even in cases with clinically
favorable tumor stages.

Besides the lymph node involvement, another clinical
characteristic of DT tumors is the propensity to peritoneal
spread. A much higher risk of peritoneal recurrence after
potentially curative surgery has been reported in diffuse/
mixed histotypes, above when the serosa is involved [23,
36]. The extent of lymphadenectomy seems to have no role
in reducing such risk of recurrence [37, 38]. A late evolution
of the DT of the stomach is the “linitis plastica”, a diffuse
infiltration, thickening and stiffening of the gastric wall with
reactive fibrosis, with a notable propensity to massive lymph
node metastasis and peritoneal spread, which make the rate
of radical resection very low and the prognosis generally
very poor even after surgical resection [39].

The chance of cure in patients with peritoneal recurrence
of GC is very low, as demonstrated in several cohort stud-
ies. As such, prevention of peritoneal recurrence, more than
treatment after its occurrence, may be the only potential
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chance of cure in high-risk cases [40]. The most important
factors associated with the risk of peritoneal recurrence of
GC are: positive peritoneal cytology (cy+), serosal involve-
ment and diffuse histotype. Patients with these characteris-
tics associated with primary tumor may potentially benefit
from prophylactic HIPEC [20].

In summary, the current proposed model of multimodal-
ity approach to resectable non-cardia GC may be integrated
with histological type according to Lauren. In particular,
diffuse-mixed types, cT3/N+ and over should be treated
by neo-adjuvant chemotherapy (NAC) followed by super-
extended lymphadenectomy. In addition, serosally exposed
tumors of diffuse-mixed type, as well as cT4b and cy+ may
be treated by NAC, super-extended lymphadenectomy and
HIPEC (Fig. 1).

New molecular classifications of GC

In the last few years, many new GC classifications were
proposed. They are based on anatomical side, histopathol-
ogy, gene expression, gene amplification, DNA methylation,
numerous cancer-relevant aberrations and also on the onco-
genic pathways [21, 22, 41-47].

Last few years gave us a better understanding of GC by
proposing two independent molecular classifications by
TCGA and Asian Cancer Research Group (ACRG) [21, 22].
Both of these classifications showed a simple 4 groups divi-
sion of GC opening new possibilities to treat the disease in a
tailored way. The TCGA classification presents four groups:
Epstein—Barr virus (EBV), microsatellite instability (MSI),
chromosomal instability (CIN) and genomically stable (GS)
[21]. The ACRG divided the GC into MSI and microsatellite
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Fig. 1 Multimodal approach to non-cardia gastric cancer with intro-
duction of histotype to flowchart. JGCA Japanese Gastric Cancer
Association, NAC Neoadjuvant chemotherapy, HIPEC Hyperthermic
intraperitoneal chemotherapy

stable (MSS) types. Then secondary the MSS was divided
into epithelial-mesenchymal transition (EMT), TP53+ and
TP53— groups [22].

The MSI represents the group with elevated mutations
rate, with Gastric-CIMP, MLH1 silencing, and mitotic
pathways. The EBV group represents a group with a high
rate of PIK3CA mutation, PD_L1/2 overexpression what is
especially important in the light of new research targeting
successfully that part of immunologic therapy. Additionally,
in this group, we have EBV-CIMP, CDKNZ2A silencing, and
immune cell signaling. The group represented by CIN has
in majority intestinal histology, TP53 mutation and RTK-
RAS activation. The last group GS tumors in majority pre-
sents diffuse histology and also CDH1, RHOA mutation,
CLDN18-ARHGAP fusion and elevated expression o cell
adhesion pathways.

The ACRG groups also are described by specific molecu-
lar characterization [22]. The MSI subtype represents hyper-
mutations of such genes as KRAS, PI3K-PTEN-mTOR
pathway, ALK, and ARID1A. They also found that the
subtype of PIK3CA mutation of H1047R is common in
MSI and the other subtypes of that mutation namely E542K
and E545K are common in MSS tumors. The EMT is a
group that presents a very little number of mutations. The
MSS/TP53— presents a widespread TP53 mutation, and
MSS/TP53+ shows a high rate of APC, ARID1A, KRAS,
PIK3CA and SMAD4 mutations.

Clinical impact of molecular classifications
of GC

Following the introduction of molecular classifications,
great research efforts have been conducting, in order to
clarify their potential impact in clinical decision-making
and treatment of GC. This is particularly true for ACRG
classification, because in such study some clinically relevant
features were attributed to molecular subgroups [22]. Dis-
tinct groups, indeed, showed peculiar clinical-pathological
characteristics (such as age, tumor location, invasion and
stage). Importantly, different prognosis was attributed to
the four groups, with MSI showing the best survival rate,
and EMT the worse prognosis. The following are the most
important molecular subgroups according to these classifi-
cations, and their main clinical characteristics identified or
suggested to date.

MSI group (TGCA and ACRG classifications)

The subgroup of GC with microsatellite instability is prob-
ably the better studied to date. It is present in both TGCA
and ACRG classifications, and was previously extensively
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investigated and results reported in several papers, although
with heterogeneous and somewhat conflicting results [48].
These were mainly due to different characteristics of patient
populations and various tests used for the assessment of MSI
status. A recent meta-analysis was performed by our group
in 48 studies with a total of 18.612 patients [48]. In mean,
the MSI group accounts for about 9% of the total cases
(but in some series it overcomes 20%). The pooled analy-
sis indicated that women had a significantly increased risk
of MSI compared with men, and the mean age of patients
with MSI was 66 years vs. 60 years for MSS group. Most of
MSI tumors were of the intestinal type according to Lauren,
and were located in the distal stomach. Importantly, the risk
of nodal metastases was lower than MSS cases (OR 0.70,
95 per cent c.i. 0.57-0.86), and also tumor stage was less
advanced. It was also confirmed that overall survival was
better for patients with MSI gastric cancer (HR 0.69, 95
per cent c.i. 0.56-0.86, p<0.001). These results confirmed
previous investigations from our group. In a recent paper
including 472 patients, cancer-related 5-year survival was
significantly higher in MSI-H versus MSS group (67.6% vs.
35%), and this prognostic impact was confirmed by multi-
variate Cox regression analysis [49]. However, the stratified
analysis revealed a significant impact of MSI on prognosis
in non-cardia tumors of intestinal type or tubular/poorly
differentiated histology. No prognostic value of MSI in
the diffuse-mixed type and signet ring cell/mucinous his-
totypes was observed. Other studies from our group were
conducted matching MSI status and age in GC patients. In a
recent large series, we observed a linear correlation between
advanced age and the rate of MSI; indeed, the percentage
of MSI increases gradually with increasing age, accounting
for 48% of patients over the age of 85 years [50]. Further-
more, the prognostic effect of MSI status was more evident
in elderly compared to younger patients. The highest differ-
ence in survival was seen between MSI and MSS groups of
patients older than 65 years, while no statistical difference
was seen for younger groups, and multivariate analysis con-
firmed MSI status has a significant factor in patients aged
over 70 years (HR 1.82, P=0.013) [50]. These findings con-
firm that MSI may act as a significant predictor of better
prognosis above all in the elderly.

In a recent study, a detailed analysis of lymph nodal
spread in MSI vs. MSS GC was performed in a total of 361
patients [51]. All patients were submitted to an extended
(D2) or super-extended (D2plus) lymphadenectomy; the
different lymph node stations were divided and classified
according to the Japanese Society for Gastric Cancer (JGCA)
criteria, and single nodes retrieved in the fresh specimen.
The MSI tumors showed: a lower rate of lymph node metas-
tases (46% vs. 70% of MSS group), a lower median number
of involved nodes (1 vs. 5), a lower number of involved node
stations, and a lower propensity to spread to second and third
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compartment nodes. Furthermore, no skip metastases were
observed in MSI group. These data, when validated in other
experiences and in preoperative endoscopic biopsies, could
be useful in tailoring lymphadenectomy for GC, allowing a
less extended dissection in MSI tumors, above all when fac-
ing with high-risk patients with relevant co-morbidities [51].

Finally, an interesting recent paper reported a post hoc
analysis of patients included in the MAGIC trial; patients
were treated with surgery alone or perioperative chemo-
therapy plus surgery for operable gastroesophageal cancer,
and the association between MSI status and long-term sur-
vival was investigated [52]. Results revealed that MSI status
was associated with a positive prognostic effect in patients
treated with surgery alone, whereas in patients treated with
neo-adjuvant chemotherapy the prognostic effect was nega-
tive. If confirmed, these results could change indications to
NAC in the subgroup of patients with MSI.

MSS/EMT group (ACRG classification)

The group of tumors with MSS and epithelial-to-mesen-
chymal transition (EMT) according to ACRG classifica-
tion is also very interesting from a clinical point of view.
EMT is a process where epithelial cells are transformed
into cells with mesenchymal phenotypes, characterized by
lost cellular polarity and adhesion and enhanced invasive
and migratory properties [53]. Epithelial markers, such as
E-cadherin, are repressed, and mesenchymal markers, such
as vimentin and fibronectin, are up-regulated. These altera-
tions, together with microenvironment remodeling, facili-
tates GC aggressiveness, invasion, migration, metastasis and
chemo-resistance.

Some reports suggest that EMT phenotype correlates, in
addition to the diffuse type and poorly differentiated his-
tology, with an advanced TNM stage and poor prognosis
[53-55]. Most information regarding clinical characteristics
of this subtype of GC come from the ACRG report [22].
It accounts for about 15% of cases, and is associated with
younger age (53 years in median), location in the middle
third (45.6%) or the whole stomach (6.5%), diffuse histotype
(80.4%) and signet ring cell histology (43.5%); more than
50% of signet ring cell cases belong to MSS/EMT group. In
addition, this subgroup is associated with more advanced
pT stage, lymph node metastasis, TNM stage and perineural
invasion. Importantly, this group of GC showed the worse
prognosis when compared with other groups, and when ana-
lyzing the pattern of relapse, 77% of MSS/EMT cases in
the ACRG cohort recurred in the peritoneum (vs. less than
20% of other groups); none of the cases had liver metastases
[22]. These data are indicative of a special propensity of
this molecular group to spread to the peritoneum. If con-
firmed in further studies, this could lead to indications for
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prophylactic HIPEC in such patients, to attempt to prevent
peritoneal recurrence after radical surgery.

Chromosomal instability (CIN) group (TGCA
classification)

The CIN subtype represents about 50% of total GC cases.
About 80% of cases in this group are of the intestinal type,
and main location is fundus/body or EGJ/cardia [21]. This
group is particularly interesting in the view of a potential
targeted therapy; indeed, CIN tumors present amplification
in oncogene pathways such as RTK/RAS/MAPK signaling,
including HER2, BRAF, epidermal growth factor (EGFR),
MET, FGFR2, RAS [56]. Further studies are necessary to
elucidate the clinical implications of this group, with special
reference to multimodality approach.

Genomic stability (GS) group (TGCA
classification)

The molecular with GS represents about 20% of cases in the
TCGA report. Most of these tumors are of diffuse histotype
(about 60% of diffuse type cases are included in this group),
and a peculiar characteristic is the predominance of poorly
cohesive type tumors in this group. Tumors are equally dis-
tributed in the stomach portions. The main somatic genomic
alterations involve CDH1, ARID1A and RHOA [56]. CDH1
mutations have been reported, also from our group, to be a
significant predictor of poor prognosis after radical surgery
for GC [57], and this may have clinical implications that
deserve further studies.

EBV-associated group (TGCA classification)

The molecular with EBV represents about 9% of cases
according to the TCGA report [21]. The molecular analysis
showed that this subtype represents PD-L1/2 overexpres-
sion, PIK3CA mutation, EBV-CIMP, CDKN2A silencing
and additionally immune cell signaling [21]. In the ACRG
classification, EBV in the majority is presented in the MSS/
TP53+ subgroup [22]. The largest international pooled
analysis on 4599 gastric cancer patients by Camargo et al.
proved that this group is strongly overrepresented by males
[58]. Additionally, positive EBV GCs were early stage gas-
tric cancer, cardia localization, diffuse histotype according
to Laurén classification, poorer differentiation. The median
survival for EBV GC was 8.5 years vs. 5.3 years for no-EBV
GC (p=0.0006). In multivariate analysis, EBV status was
one of the statically significant predictors of survival. Cur-
rently, ongoing trials try to find a group of patients that will
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Fig.2 Multimodal approach to non-cardia gastric cancer with intro-
duction of histotype and molecular features to flowchart. JGCA Japa-
nese Gastric Cancer Association, MSI Microsatellite instability, MSS
Microsatellite stable, EMT Epithelial-to-mesenchymal transition,
HIPEC Hyperthermic intraperitoneal chemotherapy

respond to the immunological therapy. Especially PD-L1/2
expression represented in this subgroup of GC is an impor-
tant target for such a medication. The response to this treat-
ment is not only limited to the presence of the antigen, but
also other factors may play an important role. One of them
seems to be EBV infection probably because of its immune
cell signaling [59]. Prospective trials are awaited.

Conclusions

Treatment options to GC have been changing in recent years
from a standard to a tailored approach. Different individual-
ized procedures can range from endoscopic resection, D2
with open or minimally invasive approach, to neo-adjuvant
therapy followed by extended surgery. In more advanced
stages, a combined approach with the inclusion of HIPEC
may represent a new advanced option. The inclusion of his-
tological type in treatment flowchart could increase both
accuracy and effectiveness of such tailored approach. New
molecular classifications of GC are expected to be included
in multidisciplinary treatment of this aggressive disease
(Fig. 2), in particular when their clinical and therapeutic
implications will be clarified in the near future in a flourish-
ing scientific context of precision medicine.
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