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Abstract

Background Lymphovascular invasion (LVI) is a strong predictive factor for lymph node metastasis (LNM) in early gastric
cancer (GC). This study investigated the risk for LNM in pT1b GC without LVI based on Epstein—Barr virus (EBV) status
in addition to conventional clinicopathological parameters.

Methods In total, 847 consecutive patients of pT1b GC without LVI who underwent surgery at three high-volume centers
between 2005 and 2014 were retrospectively analyzed. Clinicopathological parameters and EBV status were evaluated, and
univariate and multivariate analyses were performed to estimate LNM risk. With regard to the presence of those three param-
eters, risk stratification for LNM was performed and compared with a previously proposed risk classification that included
low-risk (LNM < 3.0%), intermediate-risk (LNM > 3.0 and < 19.6%), and high-risk (LNM > 19.6%) groups.

Results EBV-positive GC (EBVGC) accounted for 11.3% (96 of 847) of cases; LNM was lower in EBVGC than in non-
EBVGC (1 0of 96, 1.0% vs. 71/751, 9.5%). In the multivariate analysis, non-EBVGC [odds ratio (OR) 10.8, 95% confidence
interval (CI) 1.48-78.9], age < 65 years (OR 2.13, 95% CI 1.30-3.48), and tumor diameter >3 cm (OR 2.26, 95% CI
1.36-3.74) were independent risk factors for LNM. Patients with EBVGC were at low risk for LNM whereas those with all
of three independent risk factors were at high risk (36 of 168, 21.4%, 95% CI 15.5-28.4).

Conclusion LNM risk stratification that includes EBV status is useful for clinical decision-making in pT1b GC cases without
LVL
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Background

The progression in diagnosis and advancement of endo-
scopic therapy enable us to perform minimally invasive
treatment, such as endoscopic submucosal dissection (ESD)
[1]. The results of several retrospective multi-center studies
[2—4] and prospective trials [5, 6] have led to the establish-
ment of current treatment guidelines for early gastric cancer
(EGC) [7]. The indication and curative resection criteria of
ESD include several pathological factors such as histologi-
cal type, tumor diameter, depth of invasion, accompanying
ulceration, lymphovascular invasion (LVI), and resection
margin [7].

Of those, there are robust data that LVI is the most
important independent risk factor for lymph node metas-
tasis (LNM) in EGC [4, 8] and is a non-curative factor for
endoscopic therapy in the current treatment guidelines [7].
Meanwhile, in pT1b GC without LVI, the incidence of LNM
is 9.8% [2, 8] and surgical treatment is recommended even
though > 90% of these cases do not have LNM. It is therefore
important to develop more effective ways to stratify pT1b
GC without LVI by analyzing previous known predictive
factors for LNM and identifying new ones.

As a candidate factor, we focused on EBV status since
its clinical implication has been previously reported [9-12]
and EBV-positive GC (EBVGC) was recently defined as a
distinct GC subtype by The Cancer Genome Atlas Research
Network group based on the molecular profile [13]. We and
others have shown that EBV status is a promising predictive
factor for LNM in EGC [12, 14]. Our previous study showed
that the frequency of LNM was significantly lower in
EBVGC than in non-EBVGC (4.2% vs. 21.9%, P <0.0001)
and in EBVGC, tumors without LVI exhibited a lower fre-
quency of LNM than those with LVI (0 of 50, 0%; vs 3 of
21, 14.3%; P=0.023) [14]. Furthermore, the incidence of
LVIin EBVGC was very low compared to the non-EBVGC
[12, 14]. Therefore, EBVGC without LVI appears to be more
suitable for further expansion of indication and curative
resection criteria of ESD than EBVGC with LVI. However,
due to the low rates of EBVGC, single-institution investiga-
tions with small study populations have not yielded defini-
tive conclusions. A multi-institutional study with a larger
cohort can overcome this limitation.

To this end, the present multicenter observational study
aimed to establish an effective stratification method of LNM
risk in pT1b GC without LVI by considering EBV status in
addition to conventional parameters. We also examined the
possibility of expanding the indication or curative resection
criteria of ESD for pT1b GC.

Materials and methods
Study population

A total of 847 consecutive patients (576 men and 271
women) diagnosed with pT1b GC without LVI who
underwent gastrectomy with regional lymph node dissec-
tion at The Cancer Institute Hospital of Japanese Founda-
tion for Cancer Research, Shizuoka Cancer Center, and
Osaka International Cancer Center between January 2005
and December 2014 were included in this study. LVI was
determined based on hematoxylin and eosin (HE) stained
tissue sections by expert pathologists in principal. To con-
firm the assessment, some specimens were subjected to
D2-40 immunohistochemistry or Victoria blue-HE stain-
ing to detect lymphatic or venous invasion, respectively.
Patients’ clinical information was obtained from medical
records. Exclusion criteria were as follows: (i) additional
surgery after ESD; (ii) histological types other than adeno-
carcinoma—e.g. neuroendocrine carcinoma; (iii) multiple
GCs including two or more with pT1b-T4; (iv) received
neoadjuvant chemotherapy; (v) esophagogastric junction
cancer; and (vi) insufficient clinicopathological informa-
tion. This multi-institutional retrospective study was car-
ried out in accordance with the Declaration of Helsinki
and was approved by our institutional review board (regis-
try no: 2017-1078). The study was conducted as part of the
Knockout Submucosal Invasive GC (KOSMiC) Project,
Japan.

Tumor location, macroscopic types,
and histopathological examination

Tumor location was classified as upper-, middle-, and
lower-third of the stomach according to the longitudinal
position of the center of the tumor. Tumor type was mac-
roscopically categorized according to the classification of
the Japanese Gastric Cancer Association (JGCA) [15] as
follows: 0-1, superficial elevated type; O-Ila, superficial flat
and elevated type; 0-IIb, superficial flat type; O-Ilc, super-
ficial flat and depressed type; O-III, superficial depressed
type. When the tumor consisted of two or more of these
components, the predominant type was used for classifica-
tion. Histological type, depth of submucosal invasion, and
complications of ulceration (including ulcer scar) were
evaluated by experienced pathologists at each institute. For
histological type, the JGCA classification [15] and two-tier
classification proposed by Nakamura et al. [16]—which
includes differentiated and undifferentiated types—were
also used. The depth of submucosal invasion was meas-
ured from the bottom line of the muscularis mucosa to the
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invasive front according to the JGCA definition [7], and
subsequently subclassified into pT1bl (depth of submu-
cosal invasion <500 pm) and pT1b2 (>500 pm). When
ulcerative changes or submucosal fibrosis with distorted
muscularis mucosa were observed and not considered
as being related to cancer invasion, they were regarded
as complications of ulceration (ulcer or ulcer scars,
respectively).

Tissue microarray construction and in situ
hybridization for EBV-encoded RNA (EBER-ISH)

A single core was punched out of the representative tumor
area (2-3 mm diameter) in each formalin-fixed, paraffin-
embedded tumor block and arrayed in a new tissue micro-
array block. Adjacent non-neoplastic tissue was included
as an internal negative control. Sections with a thickness
of 4 pm were prepared from each block for hematoxylin
and eosin staining and EBER-ISH, which was performed
using a BOND ready-to-use ISH EBER probe and BOND III
autostainer (Leica Biosystems Nussloch GmbH, Nussloch,
Germany) according to the manufacturer’s protocol.

Statistical analysis

Differences between pairs of groups were evaluated with
the j” test, Fisher’s exact probability test, or Mann—Whitney
U test. Uni- and multivariate logistic regression analyses
were used to examine risk factors for LNM. In the mul-
tivariate analysis, all factors showing significance in the
univariate analysis were simultaneously included in the
model. Two-sided P values < 0.05 were considered statis-
tically significant. Risk for LNM was stratified into low-
risk (<3.0%), intermediate-risk (>3.0 and < 19.6%), and
high-risk (>19.6%) groups according to previous studies
[17-19]. Statistical analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University) [20], a
graphical user interface for R (The R Foundation for Statisti-
cal Computing, Vienna, Austria).

Results

Relationship between clinicopathological
parameters and LNM status

The clinicopathological features of 847 pT1b GC cases
according to LNM status are summarized in Table 1.
Overall, 72 cases (8.5%) showed LNM. There were no
significant differences in LNM frequency among the three
institutions (P =0.478). Univariate analysis revealed that
age less than 65 years, tumor diameter >3 cm, and non-
EBVGC tumors were associated with LNM (P =0.003,
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0.001, and 0.002, respectively). Moreover, all of these
were independent risk factors for LNM in the multivari-
ate analysis (Table 2).

Based on the three independent risk factors identified in
the multivariate analysis (age, tumor diameter, and EBV
status), we stratified our study cohort (n=847) by combin-
ing these parameters. Patients with EBVGC were the low-
risk group for LNM [1/96, 1.0%; 95% confidence interval
(CI): 0-5.7], whereas those with all three parameters con-
stituted the high-risk group (36 of 168, 21.4%; 95% CI
15.5-28.4) and the remaining patients formed the inter-
mediate-risk group (35 of 583, 6.0%; 95% CI 4.2-8.3).

Clinicopathological and histological characteristics
of pT1b EBVGC without LVI

According to the EBER-ISH results, 96 of 847 pT1b GCs
(11.3%) were classified as being in the EBVGC. Com-
parisons of clinicopathological and histological param-
eters between the EBVGC and non-EBVGC revealed that
EBVGC frequently occurred in men (85.4% vs. 65.8%;
P <0.0001) and was located in the upper-third region of
the stomach (47.9% vs. 19.1%; P<0.0001) (Table 3).
EBVGC also showed deeper submucosal invasion
(median: 1000 vs. 750 pm; P=0.009) and a lower rate of
accompanying ulceration (26.0% vs. 44.2%; P=0.001).
The frequency of LNM was lower in EBVGC than in
non-EBVGC cases (1.0%, 95% CI 0-5.7 vs. 9.5%, 95%
CI7.5-11.8; P=0.003). Comparisons of histological type
between EBVGC and non-EBVGC are shown in Supple-
mental Table 1. Although non-solid, poorly differentiated
adenocarcinoma is the predominant histological type in
both EBVGC and non-EBVGC according to the JGCA
classification, its frequency was higher in EBVGC than
in non-EBVGC cases (44 of 96, 45.8% vs. 233 of 751,
31.0%; P=0.004). Similarly, according to the Nakamura
classification, the undifferentiated type was more frequent
in EBVGC than in non-EBVGC cases (62 of 96, 64.6% vs.
236 of 751, 31.4%; P <0.0001).

Distribution of cases and relationship
to clinicopathological factors

The distribution of LNM rate, histological type, and sub-
mucosal invasion depth in each decade of patients’ age
are shown in Supplemental Table S2. Rates of LNM and
undifferentiated histological type tended to decrease with
age. Supplemental Table S3 shows the relationships among
tumor diameter, histological type, and LNM. The rate of
LNM tended to increase with tumor diameter in both dif-
ferentiated and undifferentiated types.
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Table 1 Univariate analysis of clinicopathological and histological parameters for lymph node metastasis

Clinicopathological and histological paremeters Total (n=2847) Lymph node metastasis P value
Positive (n="72, 8.5%) Negative (n=775, 91.5%)

Median age, years (range) 64 (25-90) 62 (25-81) 65 (26-90) 0.006
<65 434 49 (11.3) 385 (88.7) 0.003
> 65 413 23 (5.6) 390 (94.4)

Sex, n, %

Male 576 45 (7.8) 531(92.2) 0.294
Female 271 27 (10.0) 244 (90.0)

Location, n, %

Upper third 190 12 (6.3) 178 (93.7) 0.241
Middle or lower third 657 60 (9.1) 597 (90.9)

Macroscopic type (predominant), n, %

0-I 32 3094) 29 (90.6) 0.953
0-Ila 103 8 (7.8) 95 (92.2)

0-IIb 5 0(0) 5 (100)

0-IIc 707 61 (8.6) 646 (91.4)

Median tumor diameter, mm (range) 32 (3-160) 40 (15-110) 31 (3-160) 0.004
Diameter <3 cm 398 21(5.3) 377 (94.7) 0.001
Diameter >3 cm 449 51(11.4) 398 (88.6)

Ulceration, n, %

Absent 490 36 (7.3) 454 (92.7) 0.171
Present 357 36 (10.1) 321 (89.9)

Median submucosal invasion depth, pm (range) 750 (10-13,000) 900 (50-6000) 750 (10-13,000) 0.45
Depth <500 (pT1bl) 293 18 (6.1) 275 (93.9) 0.09
Depth > 500 (pT1b2) 554 54 (9.9) 500 (90.1)

Nakamura histological type (predominant), n, %

Differentiated type 411 29 (7.1) 382 (92.9) 0.175
Undifferentiated type 436 43 (9.9) 393 (90.1)

JGCA histological type (predominant), n, %
pap 14 1(7.1) 13 (92.9) 0.582
tubl 179 11 (6.1) 168 (93.9)
tub2 218 17 (7.8) 201 (92.2)
porl 19 2 (10.5) 17 (89.5)
por2 277 26 (9.4) 251 (90.6)
sig 135 14 (10.4) 121 (89.6)
muc 5 1 (20.0) 4 (80.0)

EBV, n, %

Negative 751 71 (9.5) 680 (90.5) 0.002
Positive 96 1(1.0) 95 (99.0)
Discussion risk stratification can improve the indication or curative

In this study we incorporated EBV status into the risk
stratification for LNM in pT1b GC without LVI, in addi-
tion to conventional risk factors. A multivariate analysis
revealed that non-EBVGC, age < 65 years, and tumor
diameter >3 cm were independent risk factors for LNM.
We also confirmed that the combination of these param-
eters can stratify patients into three risk categories. Our
results demonstrate that including EBV status into LNM

resection criteria of EGC.

We found that EBV status is the strongest predictive factor
for LNM risk among clinicopathological parameters in pT1b
GC without LVI. Only a few studies have investigated the
relationship between pT1b EBVGC without LVI and LNM
in consecutive cases. Park et al. reported that among 592
pT1b GCs without LVI, 59 (10.0%) were EBVGC and only
one (1.7%) showed LNM [12]. This current study evaluated
a larger cohort (96 cases of pT1b EBVGC without LVI) and
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Table 2 Multivariate analysis of the three parameters for predicting
risk of lymph node metastasis using a logistic regression model

Parameters OR (95% CI) P value
Median age, years (range)
>65 1 Ref 0.0025
<65 2.13 (1.30-3.48)
Tumor diameter, cm (range)
<3 1 Ref 0.0016
>3 2.26 (1.36-3.74)
EBV
Positive 1 Ref 0.019
Negative 10.8 (1.48-78.9)

LNM frequency was also low (1 of 96, 1.0%). Regarding
lower frequency of EBVGC in GC (8.7-9.0%) [11, 13], this
multi-institutional study was able to obtain more reliable
conclusion than previous reports although further validation
study for much larger cohort can strengthen this.

In this study, age < 65 years was an independent risk fac-
tor for LNM in the multivariate analysis. Clinicopathological

differences in GC rates between young and elderly patients
have been previously reported. GC in the elderly is mostly
located in the lower third of the stomach and exhibits poly-
ploidy or a superficial elevated gross histological type
[21-24]. In contrast, infiltrating or superficial depressed
gross histological type and poorer tumor differentiation
were more common in younger patients [25-27]. Our data
on tumor differentiation status were consistent with those
in previous reports. However, to date there are no reports
to indicate distinct differences of LNM frequency accord-
ing to the age of patients with EGC. The significance of
patient age in the present large cohort may determine the
range of treatment options, especially for elderly patients
with co-morbidities.

Tumor diameter is a predictive factor for LNM in EGC
[7]. In this study, tumor diameter > 30 mm was an inde-
pendent risk factor for LNM in the multivariate analysis.
Tumor size > 30 mm and LVI were found to be correlated
with increased risk of LNM in pT1b GC; these authors
showed that lesions <30 mm in size, histologically dif-
ferentiated type, lack of LVI, and submucosal invasion
depth <500 pm (pT1bl) were completely free of LNM

Table 3 Comparison of

o X EBVGC Non-EBVGC P value
clinicopathological and
histological parameters between  Tota] number of cases 96 (11.3) 751 (88.7) 0.61
iﬁgggsgs non-EBVGC cases Median age, years (range) 63 (46-88) 64 (25-90)
<65 53 (55.2) 381 (50.7) 0.448
>65 43 (44.8) 370 (49.3)
Sex, n, %
Male 82 (85.4) 494 (65.8) <0.0001
Female 14 (14.6) 257 (34.2)
Location, n,%
Upper third 46 (47.9) 144 (19.1) <0.0001
Middle or lower third 50 (52.1) 607 (80.9)
Macroscopic type, n, %
0-I or 0-Ia 22 (22.9) 113 (15.0) 0.054
0-IIb or O-IIc 74 (77.1) 638 (85.0)
Median tumor diameter, mm (range) 30 (5-130) 32 (3-160) 0.11
Diameter <3 cm 53 (55.2) 345 (45.9) 0.1
Diameter >3 cm 43 (44.8) 406 (54.1)
Ulceration, n, %
Absent 71 (74.0) 419 (55.8) 0.001
Present 25 (26.0) 332 (44.2)
Median submucosal invasion depth, pm (range) 1000 (50-13,000) 750 (10-8000) 0.009
Depth <500 (pT1bl) 23 (24.0) 271 (36.1) 0.022
Depth >500 (pT1b2) 73 (76.0) 480 (63.9)
Lymph node metastasis, n, %
Absent 95 (99.0) 680 (90.5) 0.003
Present 1(1.0) 71 (9.5)

All cases in this study are pT1b gastric cancer without lymphovascular invasion

EBVGC Epstein—-Barr virus-positive gastric cancer
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(95% CI 0-2.5%) [2]. Meanwhile, the incidence of LNM in
undifferentiated type pT1b GCs was 23.8% (399 of 1680)
and submucosal invasion depth > 500 pm (pT1b2) was an
independent predictor of LNM by multivariate analysis
[3]. However, no detailed evaluation of the relationship
between tumor diameter and LNM incidence was per-
formed. In this study, the LNM rate of pT1b GCs tended
to increase with tumor diameter in both differentiated and
undifferentiated histological types. Thus, in pT1b GC
without LVI, tumor diameter is an important factor in
LNM irrespective of the degree of differentiation.

We demonstrated that the stratification of GC patients
based on three independent parameters including EBV sta-
tus is useful for estimating the risk for LNM, which also
aid decision-making in terms of the most suitable treat-
ment strategy. In particular, EBVGC showed a lower LNM
rate (1/96, 1.0%, 95% CI 0-5.7) corresponding to a low-
risk group. According to the current treatment guidelines,
non-curative resection criteria after endoscopic resection
include undifferentiated (poorly differentiated) histology,
deeper submucosal invasion, presence of ulceration, larger
tumor size, and presence of LVI [7]. The results of our study,
however, indicate that the first three can be omitted in the
risk assessment for LNM in cases of pT1b EBVGC without
LVI. For instance, 94 of 96 (97.9%) pT1b EBVGC cases in
this study had at least one of the non-curative factors, and
additional surgery would therefore be recommended under
current treatment guidelines. Integrating EBV status and
reconsidering the indication or curative resection criteria
are expected to improve treatment outcome for EGC.

A limitation of this study is that the number of EBVGC
cases was not large enough to achieve a conclusive guide-
line because the frequency of EBVGC was relatively
low. Given that curative resection for pT1b GC tumors
of expanded indication yielded an LNM rate with a 95%
CI upper limit of < 3% in previous reports [2] and 5.7%
in EBV GC cases of this study, the results presented here
must be verified in additional multi-institutional studies
with a larger number of cases.

In conclusion, we demonstrated that including EBV status
in LNM risk stratification in patients with pT1b GC without
LVI is useful for establishing novel indication or curative
resection criteria for EGC, which can inform clinical deci-
sion-making for personalized and more effective treatment.
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