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ABSTRACT

We analyzed the clinical utility of molecular classification based on anatomical and histological
background. The study was conducted on 457 patients treated for gastric cancer with additional
information about microsatellite instability status. We divided the patients in three groups of
molecular classification based on anatomical and histological background: proximal non-diffused,
diffused, and distal non-diffused groups. These groups varied in terms of clinical and pathological
factors as well as survival rates. The molecular classification based on anatomical and histological
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data seems to be a useful tool in a simple classification of gastric cancer.

Introduction

In recent years, there has been an observable decline in
the number of new cases of gastric cancer (GC), yet it
remains the third most common cancer-related cause
of death in the world, following lung and liver cancer
types (1).

Currently, the treatment of gastric cancer depends
primarily on the stage of the disease. However, the
method of treatment is also related to geography: dif-
ferences in treatment options are observed, especially
between eastern and western countries (2). Moreover,
there is no consensus regarding any standard (i.e., uni-
versally applicable therapy), which is partially caused
by the fact that doctors rely on clinical and pathological
information. In addition, there has been an observable
improvement in diagnosis, development of new tools
used in surgical procedures, and other fields of oncol-
ogy as well as treatments that help in proposing more
tailored therapies (2-9).

Over the past few years many new GC classifications
based on different genetic and molecular information
have been devised, which are based on anatomical site,
histopathology, gene expression, gene amplification,

DNA methylation, numerous cancer-relevant aberra-
tions, or oncogenic pathways (8-16). In 2011, Shah
etal. proposed a simple division of GC based on tumor
position and histopathology, supported by a distinct
gene expression profile, which showed more than 85%
of accuracy (11). They divided GC into three groups:
type-1 proximal non-diffused GC; type-2 diffused GC
located anywhere in the stomach and presenting only
a diffused pattern of infiltration; and type-3 distal non-
diffused GC with tumor located in the middle or distal
third part of the stomach with dominant pattern of
intestinal histotype (11). Most recently, two molecular
GC classifications, independent of each other, have
been proposed (8, 9).

One of the new subgroups in molecular GC is
microsatellite instability (MSI). Our previous study
has already suggested that this division offers a better
prognosis, and is associated mostly with females, older
age, lower rate of metastatic lymph nodes, and non-
cardia position with intestinal histotype (17). In our
previous analysis of MSI GC patients we found that
the MSI group is not homogenous. Based on clinical
information, we found that the difference between
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microsatellite stability (MSS) and MSI in 5-year sur-
vival rate is observed in non-cardia intestinal cancer
only (p < .001) (17). For MSI and MSS, no significant
difference in 5-year survival rate was seen in intestinal
histotype and cardia location (p = .899) and in the
diffused-mixed type (p = .748) (17).

The primary aim of this study was to compare clini-
cal and pathological information regarding the survival
rates of GC patients based on the molecular classifica-
tion proposed by Shah et al. (11). The secondary aim
was to analyze the applicability of this classification in
MSI patients.

Material and methods

The analysis was conducted using central database
information of GC patients who were treated and fol-
lowed up in our center. We selected 472 patients with
analyzed MSI status whose frozen tissue was stored in
our biobank. We excluded 15 patients whom we were
not able to classify into the three proposed groups as
explained below. Next, we analyzed clinical, pathologi-
cal, and follow-up survival information.

Details regarding this analysis have been presented
in our previous paper (17).

Pentaplex polymerase chain reaction (PCR) and
microsatellite analysis

Briefly, we used five quasi-monomorphic mononu-
cleotide repeats for the analysis: BAT-26, BAT-25, NR-
24, NR-21, and NR-27. According to the definition of
the National Cancer Institute workshop on MSI for
cancer, with the additional consensus of 2002 (18), we
categorized a tumor as having MSI when two or more
markers revealed instability at five loci.

Statistical analysis

Statistical analysis was conducted using commercially
available statistical software (SPSS 20.0 for Windows
SPSS Inc. Chicago, IL, USA). Statistical association
between clinico-pathological characteristics and MSI
status was assessed by x? test or Fisher’s exact test
for categorical variables. The Mann-Whitney U test
and the Kruskal-Wallis one-way analysis of variance
(ANOVA) were used to compare continuous variables
not normally distributed. Cumulative survival was cal-
culated by the Kaplan-Meier life table method, and
the log-rank test was used to distinguish significant

differences. Survival curves were estimated using the
Kaplan-Meier method and were compared using a log-
rank test, considering death for cancer as the endpoint
(cancer-related survival). A statistical level of p < .05
was used for inclusion of prognostic variables.

In addition, we divided the patients into the follow-

ing three subgroups as proposed by Shah et al. (11):
 Type 1: Proximally located, non-diffused GC with
the major part of the tumor (>80%) located in
the upper third of the stomach (cardiac area), and
presenting non-diffused histopathology accord-
ing to the Lauren classification (intestinal and
mixed).

e Type 2: Diffused GC, located anywhere in the
stomach, presenting entirely diffused pattern of
infiltration.

e Type 3: Distal non-diffused GC, with the major
part of the tumor located in the distal or middle
part of the stomach and presenting non-diffused
histopathology according to the Lauren classifica-
tion (intestinal and mixed), with or without com-
ponents of poorly differentiated carcinoma.

Results

The results of clinical and pathological data of the three
subgroups are presented in Table 1. By arranging the
data according to this classification, we found that the
three subgroups are different in terms of factors such
as age, sex, T (tumor) and N (lymph node) status, stage
of the disease, WHO histological type, and adjuvant
treatments. First, concerning age, the oldest patients
tended to be type 3 patients whereas the youngest were
type 2 patients. Second, concerning the sex of patients,
there were more females as type 2 patients and more
males as types 1 and 3 patients. Next, T and N status
showed statistical significance with more T3 in types 1
and 3 patients, and more T4 in type 2 patients. More-
over, NO was observed in 36.6% of type 3 patients,
and only 12.1% in type 2 patients. Another statistically
significant factor was the stage of the disease, with
more stage 1 and 2 cases as types 1 and 3 patients, and
less cases of stage 3 and 4 as type 2 patients. The next
factor was the WHO histological type: signet ring cell
and mucinous were more common in type 2 patients
whereas tubular and poorly differentiated as types 1
and 3 patients. Finally, adjuvant treatment was also
statistically different according to different types. We
found that R (remnant tumor) and M (metastasis)
status was statistically insignificant.
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Table 1. Clinical and pathological differences according to three types of molecular-based anatomical and pathological divisions.

Distal-medium

Proximal intestinal-mixed Diffused intestinal-mixed p
Patient (n) 74 107 276
Age, years (median) 69 63 72 <.001
Sex (male, female) 57:17 (77:23) 53:54 (49.5:50.5) 160:116 (58:42) .001
pT <.001
1 4 5.4% 5 4.7% 3312%
2 13 17.6% 9 8.4% 5218.8%
3 22 29.7% 16 15% 60 21.7%
4 35 47.3% 77 72% 13147.5%
pN <.001
0 18 24.3% 13 12.1% 10136.6%
1 15 20.3% 15 14% 4415.9%
2 19 25.7% 23 21.5% 5821%
3a 12 16.2% 30 28% 2810.1%
3b 10 13.5% 26 24.3% 4516.3%
UICCR .830
RO 55 74.3% 77 72% 207 75%
R+ 19 25.7% 30 28% 69 25%
M .054
Mo 58 78.4% 81 75.7% 236 85.5%
M1 16 21.6% 26 24.3% 4014.5%
Stage <.001
| 9 12.2% 6 5.6% 59 21.4%
I 22 29.7% 15 14% 74 26.8%
1] 27 36.5% 60 56.1% 103 37.3%
\Y% 16 21.6% 26 24.3% 4014.5%
WHO histological type? <.001
Papillary 5 6.8% 0 0% 10 3.6%
Poorly differentiated 32 43.2% 13 12.1% 100 36.2%
Signet ring cell & mucinous 3 41% 93 86.9% 3914.1%
Tubular (well/mod. diff.) 34 45.9% 1 0.9% 12143.8%
Adjuvant <.001
No 33 44.6% 26 24.3% 160 58%
Yes 1 55.4% 81 75.7% 116 42%

aSix cases with unclassified WHO histotype were excluded.

The second analysis was based on the same divi-
sion into three types but with additional information
on MSI status. The patients were divided into MSI and
MSS groups. The results for MSI patients are presented
in Table 2, and for MSS patients in Table 3. For the MSI
group we found that the following factors were statisti-
cally significant: N, stage of the disease, WHO histolog-
ical type, and the applied adjuvant treatment. No differ-
ences were observed in sex and T, R, and M status. For
MSS patients the difference was observed in sex (more
females were seen in type 2 group, and more males in
type 1 and 3 groups. Other statistically significant dif-
ferences were observed in the T and N status, stage of
the disease, WHO classification, and adjuvant therapy.

Next, we analyzed cancer-free survival. Figure 1
shows differences in survival rates between all three
types of patients (p = .135). The 5-year survival rate
for type 1 was 31.4%, for type 2 37.6%, and for type 3 it
was 49%.

Finally, we analyzed MSS and MSI subgroups for all
three types of gastric cancer (Figure 2). We observed a
strong statistical correlation in terms of 5-year survival
rate according to this division (p < .001).

Statistical significance was only observed in type 3
group (p < .001). The 5-year survival rate for the type
3 MSI was 76.7%, and for MSS, it was 35.7%. Type 1
and 2 groups did not show statistical difference but,
interestingly, the 5-year survival rate in type 1 group for
MSI was 33.3% and 31.3% for MSS. The 5-year survival
rate in type 2 for MSI was 38.1% and 37.8% for MSS.
For better understanding of the above-mentioned
results, we analyzed the survival data for stage I and II
together versus the survival data for stage III and IV
(Figures 3A-C). Statistical significance was found for
type 3 for both stages I and II and stages IIT and IV. No
statistically significant differences were found for type
1 and 2 groups no matter the stage of the disease.

Discussion

Gastric cancer is not a homogenous disease, hence for
many years different new general classifications, as well
as those facilitating differentiation between various
subgroups, have been proposed (8-16). A division pro-
posed by Shah et al. is based on two important clinical
and pathological factors: tumor position and histotype
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Table 2. Clinical and pathological analysis of MSI gastric cancer according to three types of molecular-based anatomical and

pathological divisions.

Proximal intestinal-mixed MSI Diffused MSI Distal-medium intestinal-mixed MSI p
Patient (n) 3 18 87
Age, years (median) 72 72 76 275
Sex (male, female) 0:3(0:100) 10:8 (55.6:44.4) 33:54 (37.9:62.1) 37
pT 073
1 0 0% 0 0% 5 5.7%
2 0 0% 2 M.1% 19 21.8%
3 1 33.3% 3 16.7% 35 40.2%
4 2 66.7% 13 72.2% 28 32.2%
pN <.001
0 0 0% 1 5.6% 46 52.9%
1 1 33.3% 1 5.6% 16 18.4%
2 2 66.7% 5 27.8% 16 18.4%
3a 0 0% 8 44.4% 2 23%
3b 0 0% 3 16.7% 7 8%
UICC-R 487
RO 2 66.7% 13 72.2% 72 82.8%
R+ 1 33.3% 5 27.8% 15 17.2%
M 342
Mo 3 100% 15 83.3% 81 93.1%
M1 0 0% 3 16.7% 6 6.9%
Stage <.001
| 0 0% 0 0% 18 20.7%
Il 0 0% 2 N.1% 41 47.1%
n 3 100% 3 722% 22 253%
\% 0 0% 3 16.7% 6 6.9%
WHO histological type® <.001
Papillary 0 0% 0 0% 1 1.1%
Poorly differentiated 1 33.3% 3 16.7% 40 46%
Signet ring cell & 0 0% 14 77.8% 8 92%
mucinous
Tubular (well/mod. diff.) 2 66.7% 1 5.6% 35 40.2%
Adjuvant treatment .on
No 1 33.3% 9 50% 69 79.3%
Yes 2 66.7% 9 50% 18 20.7%

aThree cases with unclassified WHO histotype were excluded.

(11). It is well known that intestinal and diffused histo-
types differ according to lymph node involvement, type
of recurrence, and distal metastases (2, 19, 20). Some
authors also consider the clinical outcome where dif-
fused histotype is associated with much worse progno-
sis compared with intestinal histopathology (2, 19, 20).
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Figure 1. Cancer-related survival of GC patients according to
anatomy- and histopathology-based GC molecular classification.

A study by Chen et al. investigated clinical and
pathological factors associated with all three Lauren
histotypes (21). Clinically, they observed statistically
significant differences in overall survival and disease-
free survival (both p < .001) (21). The survival curves
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Figure 2. Cancer-related survival of GC patients according to
anatomy- and histopathology-based GC molecular classification
with MSI and MSS divisions.
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Table 3. Clinical and pathological analysis of MSS gastric cancer according to three types of molecular-based anatomical and

pathological divisions.

Proximal intestinal-mixed MSS Diffused MSS Distal-medium intestinal-mixed MSS p
Patient (n) 71 89 189
Age, years (median) 69 61 70 <.001
Sex (male, female) 57:14 (80.3:19.7) 43:46 (48.3:517) 127:62 (67.2:32.8) <.001
pT <.001
1 4 5.6% 5 5.6% 28 14.8%
2 13 18.3% 7 7.9% 33 17.5%
3 21 29.6% 13 14.6% 25 13.2%
4 33 46.5% 64 71.9% 103 54.5%
pN .08
0 18 25.4% 12 13.5% 55 29.1%
1 14 19.7% 14 15.7% 28 14.8%
2 17 23.9% 18 20.2% 42 222%
3a 12 16.9% 22 24.7% 26 13.8%
3b 10 14.1% 23 25.8% 38 20.1%
UICC-R 873
RO 53 74.6% 64 71.9% 135 71.4%
R+ 18 25.4% 25 28.1% 54 28.6%
M 302
Mo 55 77.5% 66 74.2% 155 82%
M1 16 22.5% 23 25.8% 34 18%
Stage .002
| 9 12.7% 6 6.7% 41 21.7%
I 22 31% 13 14.6% 33 17.5%
Il 24 33.8% 47 52.8% 81 42.9%
v 16 22.5% 23 25.8% 34 18%
WHO histological type® <.001
Papillary 5 7% 0 0% 9 4.8%
Poorly differentiated 31 43.7% 10 1.2% 60 31.7%
Signet ring cell & 3 42% 79 88.8% 31 16.4%
mucinous
Tubular (well/mod. diff.) 32 45.1% 0 0% 86 45.5%
Adjuvant treatment <.001
No 32 45.1% 17 19.1% 91 48.1%
Yes 39 54.9% 72 80.9% 98 51.9%

aThree cases with unclassified WHO histotype were excluded.

of patients with diffused and mixed histotypes were
overlapping. Zheng et al. analyzed patients with mixed
histotype who had even worse survival rates but with-
out statistical significance (p > .05) (22).

The new division proposed by Shah et al., which was
based on clinical and pathological factors selected as
a result of molecular analysis, seems to be simple and
clinically useful (11). They proposed to combine mixed
histotype with intestinal histotype in one group versus
diffused histotype in the other group. From the clinical
point of view, in many studies, mixed histotype is ana-
lyzed with diffused histotype rather than with intestinal
histotype (2, 19, 23).

Molecular study of methylation status in different
GC histotypes revealed a statistically significant result
that Lauren mixed group had more methylated genes
compared with diffused or intestinal groups (24). Even
excluding MSI and Epstein-Barr virus (EBV) patients
from the analysis did not affect the results. The authors
concluded that mixed histotype showed different CpG
island hypermethylation status, and that this process
might be involved in the histogenesis of this histotype.

The effectiveness of categorizing intestinal/mixed
and diffused histotypes as two separate groups was also
confirmed in other molecular studies based on loss of
hetrozygosity (LOH) (25, 26). The authors divided GC
into two subtypes - high level LOH, which correlates
with intestinal or mixed histotype, and low level LOH,
which is related to diffused histotype.

In our study, we did not find any statistical difference
in survival rates between all three types. Interestingly,
there was a difference between groups 1 and 3 repre-
senting the same intestinal/mixed histotype. The obser-
vation that intestinal and mixed histotypes are not
homogenous according to the tumor position seems
to be verified in molecular background. A more gen-
eral analysis of the molecular key is required for under-
standing this phenomenon.

The location of cardia tumor seems to show different
characteristics in comparison with non-cardia tumors.
Over the past few decades there has been an increase in
the incidence frequency of cardia tumor, which calls for
further research into this type of malignancy (2, 23). It
has been shown in a recent study by the Italian Research
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Figure 3. Cancer-related survival of GC patients according to anatomy- and histopathology-based GC molecular classification with division
according to MSI status for stage I/1l and stage Ill/IV. (A) All types with MSI and MSS subgroups for stage I/1l and 1l1/1V; (B) stage I/1l for MSI
and MSS patients separately for each type; (C) stage lll/IV for MSI and MSS patients separately for each type.

Group for Gastric Cancer (GIRCG) that the incidence
of distal stomach intestinal histotype has decreased
whereas it has been shown to be stable in proximal loca-
tion with intestinal histotype and diffuse/mixed histo-
type GC (2, 27). This has led to relative increase of dif-
fuse/mixed histotype GC over time. Proximal tumors
have been found to be clinically more aggressive and
to present worse prognosis (2, 28). These conclusions
have also been confirmed in our results where type 1
was different from type 3 and the survival rate results
were almost the same for types 1 and 2.

Microsatellite instability GC is one of the newly dis-
tinguished subgroups of molecular GC classifications
(8, 9). Currently, we can learn much more about the
clinical and pathological factors as well as the survival
rate according to different molecular subgroups. The
MSI subtype is characterized as a gastric cancer more
often diagnosed in older patients, mostly females, in
non-cardia location with intestinal histotype, with

lower numbers of lymph node involvement, and pre-
senting better prognosis (2). Kim et al. presented
results that intestinal MSI GC was associated with
better prognosis in comparison with diffused type
MSI GC in stage II, III, and IV (p < .001) (29). Fur-
thermore, intestinal MSI showed a better prognosis in
comparison with intestinal MSS GC (p = .004). The
authors distinguished two separate groups: intestinal
group, and a group combining diffused with mixed
histotypes; however, the mixed histotype was seen
only in 6% of MSI GC and in 1% of MSS GC. In our
previous study we also found a strong prognostic value
of MSI GC in intestinal histotype (17). It should be
stressed that this finding was only true for intestinal
non-cardia tumors (17). In that study we classified
intestinal histotype as one group and diffused/mixed
histotype as another separate group.

Research from Korea investigated MSI incidence
in gastric cancer analyzing the incidence according



to Lauren histotype (30). The authors found 16 MSI
GC types in a group of 116 (13.8%). Out of these 16
patients, 12 had a mixed histotype, mostly of intesti-
nal type (11 cases) and diffused histotype (one case). In
our study, mixed histotype was present in nine MSI GC
patients (8.1% of all MSI GC patients). In MSS group,
mixed histotype was seen in 34 patients (9.4% of all
MSS GC patients).

Another interesting factor that can change the
choice of oncological treatment in that group of
patients is the role of chemotherapy in MSI GC
patients. Kim et al. presented in their results that in
stage III, in which chemotherapy was applied, the prog-
nosis was worse for MSI tumors with undifferenti-
ated histology and diffused histotype (29). It also con-
firmed that MSI group is not homogenous, which is
also reflected in response to chemotherapy.

Our current results clearly show that this simple
classification might be used for MSI GC patients. We
have shown that for types 1 and 2 there is no difference
in patients’ outcome regardless of their microsatel-
lite status. The difference has been observed only in
the third group.

Our results showed that this simple division has a
clinical potential. First of all, we have found clinical and
pathological differences between all three groups. Sec-
ond, although differences in survival rates have been
observed between these subgroups, they did not reach
statistical significance. Importantly, we have observed
a difference in intestinal/mixed subtype between distal
and proximal tumors. It clearly shows that we can apply
this classification to better understand the link between
molecular and clinical divisions in gastric cancer.

Microsatellite instability as a group of highest
importance seems not to be homogenous. In our
previous study we analyzed different MSI subgroups
based on different numbers of quasi-monomorphic
mononucleotide repeats (31). The results revealed
that we have to consider a different subgroup of MSI
because of differences in mononucleotide repeat num-
bers (31). From the clinical perspective, we proposed
a division of MSI group with different outcomes into
four subgroups: intestinal non-cardia; diffused/mixed
non-cardia; intestinal cardia; and diffuse/mixed cardia
(17). One division that we proposed was based on
molecular background, and the second one on clinical
experience; the proposition by Shah et al. mixes both
these approaches, and is easily applicable clinically,
especially for type 3 where the difference in MSI GC is
the highest (11, 17, 31).
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We have to highlight the fact that in the paper by
Shah et al.,, a leave-one-out cross-validation error was
0.14, which means that 86% of the samples were clas-
sified correctly (11). Classifying anatomical and his-
tological factors together with molecular findings is
one of the limitations of this simple classification. The
authors also stress the fact that gene set analysis with
the false discovery rate, which was set at 0.25, allowed
to identify several pathways (11). These pathways were
differentially regulated when comparing every GC sub-
type to adjacent healthy gastric tissue.

In conclusion, the new molecular classifications may
help in better understanding of GC biology. We have
presented clinical and pathological results that might
also be used in molecular-based anatomical and patho-
logical GC classification. We have found that this clas-
sification might find its place in the subdivision of MSI
subgroup of GC, because it is a simple and clinically
useful classification. The question of detailed molecu-
lar analysis calls for further research.
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