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follow-up
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Abstract

Background: Studies have confirmed the prognostic value of the expression status of human epidermal growth
factor receptor 2 (HER2) in advanced gastric cancer. However, its role in early gastric cancer (EGC) remains largely
unknown. This study explored the association between HER2 overexpression and clinical outcomes of patients with
EGC.

Methods: A total of 211 patients who had undergone endoscopic treatment for pNO EGC were enrolled. The HER2
expression status was assessed using immunohistochemistry (IHC).

Results: The prevalence of HER2 overexpression was 14.2%. HER2 overexpression showed a significant correlation
with tumor location (P=0.033). Multivariate analysis showed that HER2 overexpression was significantly associ-

ated with an increased risk of tumor recurrence in pNO EGC (hazard ratio [HR]=3.97; 95% confidence interval [Cl]
1.30-12.14; P=0.016) but not overall survival (OS) or disease-specific survival (DSS). Of the included patients, age was
associated with OS (HR=1.11;95% Cl 1.04-1.18; P=0.002], whereas lymphovascular invasion was significantly associ-
ated with poor DSS (HR=33.66; 95% Cl 3.05-371.25; P=0.004).

Conclusion: This study shows that HER2 overexpression is significantly associated with tumor recurrence in pNO EGC.
Hence, Her2 testing at diagnosis is important and differential treatment and/or follow up strategies for patients with
Her2 overexpression may merit future study.
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Introduction
Gastric cancer remains an important cancer worldwide
and imposes significant health-related and economic
burden on the patients and society. According to the 2018
global cancer statistics, gastric cancer is the fifth most
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authorship. of cancer-related death globally [1]. With an estimated
*Correspondence: linghuengiang@vip.sina.com; chainingli@vip.163.com 0.46 million cases and 0.39 million associated deaths,
! Department of Gastroenterology and Hepatology, First Medical Center gastric cancer is the third most frequent cancer and the

of Chinese PLA General Hospital, Beijing 100853, China
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

second leading cause of cancer-related death in China


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12876-022-02309-7&domain=pdf

Li et al. BMC Gastroenterology (2022) 22:238

[2]. Early gastric cancer (EGC) can be defined as mucosal
carcinoma and/or submucosa-invasive carcinoma with or
without lymph node metastasis (LNM). With the recent
introduction of mass endoscopy screening and advance-
ments in diagnostic technology, the detection rate of
EGC has significantly increased in China [3]. Given simi-
lar efficacy with regard to the oncologic outcomes, prac-
ticing clinicians tend to administer endoscopic treatment
over open or laparoscopic surgery. Evidence suggests that
endoscopic resection (ER) yields similar long-term out-
comes and considerable advantages regarding surgery
time, hospital stay, costs, and complications as surgical
resection; however, it is also associated with several dis-
advantages including higher risk of local recurrence and
metachronous lesions [4, 5]. Although the long-term
outcomes of patients with EGC receiving ER are excel-
lent, several conventional risk factors, including depth of
tumor invasion, lymph node status, and histologic type,
are associated with poor prognosis [6—8]. Whether other
unknown risk factors of EGC exist remains unclear.

Human epidermal growth factor receptor 2 (HER?2) is a
member of the HER family of tyrosine receptor kinases,
encoded by proto-oncogene ERBB2 on chromosome 17
[9]. Evidence suggests that HER2 can inhibit cell apopto-
sis and promote proliferation, thus essentially contribut-
ing to cancer cell survival and aggressiveness [10]. Recent
studies have shown that HER2 expression is associated
with the prognosis of advanced gastric cancer (AGC)
[11]. The phase III ToGA trial established that trastu-
zumab, an anti-HER2 antibody, in combination with
chemotherapy can be considered as a new standard treat-
ment for patients with HER2-positive AGC [12]. How-
ever, whether HER2 is associated with the prognosis of
EGC remains unclear. Therefore, this study explored
whether the overexpression of HER?2 is associated with
poor prognosis of EGC.

Methods

Study population

Patients who were diagnosed with EGC between July
2009 and December 2013 by endoscopic screening and
subsequent pathology at Chinese PLA General Hospi-
tal were included. The exclusion criteria were (1) other
malignancies; (2) incomplete clinical or pathological
data.

Patients were followed up by phone calls to determine
survival status and cancer recurrence. The most recent
follow-up was conducted in July 2020. All included
patients were followed up for at least 6 years. Finally, 211
patients were included in the analysis. Additional file 1:
Figure S1 shows the process of identification for partici-
pants. The study was conducted under the approval of
the Ethics Board of the Chinese PLA General Hospital
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(ethics number: S2020-251-01), in accordance with the
standards of the Declaration of Helsinki and Good Clini-
cal Practice guidelines.

Immunohistochemistry

HER2 expression status was determined using immuno-
histochemistry (IHC). Rabbit anti-human HER2 antibody
was used (Roche Diagnostics Japan. Tokyo, Japan). Two
pathologists individually scored the HER2 expression.
Conflicts were resolved by a third pathologist’s interpre-
tation. A semiquantitative approach, recommended by
the National Comprehensive Cancer Network guidelines,
was used to classify the expression status of HER2. We
classified HER2 expression status into 2 groups: nega-
tive (0 and 1+) and overexpression (2+and 3+) [13].
The definition for each was as follows: 0=no membrane
staining, or membrane responds to staining with <10%
of tumor cells; 1+ =faint staining or barely recogniz-
able staining in more than 10% of tumor cells; 2+ =weak
to moderate staining of the entire membrane in>10% of
tumor cells; 3+ =>10% of tumor cells show a strong
complete staining reaction in the entire membrane.

Pathologic characteristics and definitions

Pathologic characteristics included depth of infiltration,
lesion location, lesion morphology, lesion differentia-
tion, tumor size, and lymphovascular infiltration. Depth
of infiltration was categorized as mucosal or submucosal;
lesion location as upper third, middle third, or lower
third based on the lesion location on the longitudinal
axis of the stomach; and lesion morphology as elevated
(types 0-1, 0-Ila, O-I+Ila, O-Ila+IIb, O-Ila+IIc), flat
(type 0-IIb), or depressed (types 0-llc, O-III, O-IIc+IIa,
and O-III+IIa) [14]. Histologically, tumors were charac-
terized into 2 types: differentiated (papillary adenocar-
cinoma or moderately- and well-differentiated tubular
adenocarcinoma) or undifferentiated (poorly differenti-
ated tubular adenocarcinoma, signet-ring cell carcinoma,
or mucinous adenocarcinoma). Tumor size was meas-
ured by the longest diameter of the lesion in the speci-
men and categorized into 2 groups:>2 cm or<2 cm.
Lymphovascular infiltration was classified into 2 groups:
present or absent. In this study, three other clinical vari-
ables were also included: resection margin (positive or
negative), current gastric ulcer (yes or no) and current
H. pylori (Hp) infection when admitted to our hospital
for EGC. Patients had previous Hp infection and have
received successful Hp eradication therapy were classi-
fied as not having current Hp infection. Methodology of
Hp diagnostic included serum antibody, rapid urease test,
immunohistochemistry, 1BC or "™C urea breath test, or
stool antigen test.
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Prognostic outcomes

Prognostic outcomes of this study included overall sur-
vival (OS), disease-specific survival (DSS), and tumor
recurrence. OS and DSS was ascertained by asking the
family members the detailed information recorded on the
death certificate of the patients.The OS period was deter-
mined from the date of endoscopic treatment for EGC
until the date of death from any cause. The DSS period
was determined from the date of endoscopic treatment
for EGC to the date of death due to tumor recurrence
(patients experienced recurrent GC, and died from dys-
crasia or massive hemorrhage due to GC, or died from
malignant event caused by GC distant metastasis, includ-
ing severe lung infection, cerebral edema or hernia, or
hepatic failure). The recurrence pattern in this study
included both metachronous recurrence and metastatic
recurrence. The tumor recurrence period was defined as
the time from endoscopic treatment for EGC to the date
of detection of new gastric cancer. Tumor recurrence
was identified using routine abdomen-pelvis computed
tomography and endoscopy after endoscopic treatment.

Statistical analysis

We reported and compared the baseline clinicopatho-
logic characteristics of included patients according to
HER2 expression status, using the chi-square test or
Fisher exact test for categorical data and the Student t
test for continuous data. Multivariate Cox regression
with stepwise backward selection was applied to iden-
tify factors associated with prognostic outcomes. For OS
and DSS, 8 factors (age, sex, tumor size, depth of inva-
sion, resection margin status, lymphovascular invasion,
tumor differentiation, and HER2 expression status) were
included in the model. For tumor recurrence, 2 addi-
tional factors (recent history of gastric ulcer and HP
infection) were added in the model. These factors were
chosen because they were considered potentially clini-
cally relevant for each outcome. Survival curves for each
prognostic outcome were generated using the Kaplan—
Meier method and were compared using the log-rank
test. Statistical analyses were performed using SPSS 26.0
for Windows (SPSS, Inc., Chicago, IL). Survival curves
were graphed using GraphPad Prism 8 (GraphPad Prism
version 8.1, GraphPad Software, La Jolla, CA). Two-tailed
P values < 0.05 were considered statistically significant.

Results

Baseline characteristics of patients with EGC

A total of 211 patients who received endoscopic treat-
ment for EGC were finally included. Baseline character-
istics of included patients are summarized in Table 1.
Of the 211 patients, 162 (76.8%) were men, and the
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Table 1 Baseline characteristics of patients with EGC
Item Total (n=211) %
Age (years)
Average 61.6
Range 40-83
Sex
Male 162 76.8
Female 49 232
Tumor location
Upper 1/3 63 299
Middle 1/3 32 15.2
Lower 1/3 116 55.0
Gross type
Elevated 93 44.1
Flat 71 336
Depressed 47 223
Depth of invasion
Mucous layer 193 914
Submucosa 18 8.5
Differentiated types
Differentiated 200 94.8
Undifferentiated 11 52
Tumor size
<2cm 182 86.3
>2cm 29 137
Lymphovascular infiltration
Present 4 1.9
Absent 207 98.1
Resection margin
Positive 7 33
Negative 204 96.7
Current gastric ulcer 30 14.2
Current HP infection 26 12.3
HER2 overexpression 30 14.2

EGC early gastric cancer; HP H. pylori

mean age was 61.6 years (range 40—83 years). Of total,
30 patients (14.2%) had gastric ulcer, and 26 (12.3%)
had a HP infection before endoscopic treatment. The
most common lesion location was the lower third (116,
55.0%) on the longitudinal axis. The most common
gross appearance of the lesion was of the elevated type
(93, 44.1%). With regard to invasion depth, 193 patients
(91.4%) had mucosal cancer. The differentiated-type
EGC was significantly more prevalent than the undif-
ferentiated-type EGC (n =200, 94.8%), and 182 patients
(86.3%) had a tumor size <2 cm. Furthermore, only 4
patients (1.9%) had lymphovascular infiltration. Finally,
according to our definition, 30 patients (14.2%) had
HER?2 overexpression.
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Clinicopathologic characteristics according to HER2

protein expression status

The clinicopathologic characteristics per HER2 protein
expression status as assessed using IHC are summa-
rized in Table 2. A significant correlation was observed
between HER2 status and tumor location (P=0.033)
(Table 2). No significant associations were seen between
HER2 expression and age, sex, history of gastric ulcer, HP
infection, morphologic type, invasion depth, differenti-
ated type EGC, proportions of large tumors (>2 c¢m), and
lymphovascular infiltration.

Association between HER2 expression and prognostic
outcomes

To examine the association between HER2 expression
and prognostic outcomes, multivariate analyses were
performed using the Cox proportional hazard model
with backward elimination. The analyses revealed sig-
nificant associations between age and poor OS (hazard
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ratio [HR]=1.11; 95% confidence interval [CI] 1.04—
1.18; P=0.002), lymphovascular invasion and poor DSS
(HR=33.66; 95% CI 3.05-371.25; P=0.004), and HER2
overexpression and tumor recurrence (HR=3.97; 95%
CI 1.30-12.14; P=0.016)(Table 3). The log-rank test
revealed a significant difference in tumor recurrence but
not OS and DSS between HER2-negative patients and
patients with HER2 overexpression (Figs. 1, 2, 3).

Sensitivity analysis

A sensitivity analysis was conducted by excluding the
patients lost to follow-up. Sensitivity analysis showed the
similar results (Additional file 2: Table S1).

Discussion

This study aimed to examine the prognostic utility
of HER2 expression status in patients with EGC who
received endoscopic treatment. We followed up 211

Table 2 Clinicopathological characteristics according to HER2 protein expression status

Item HER2 negative HER2 overexpression P value
N=181 N=30

Age (year, Mean £ SD) 614£9.7 623£103 0.737

Sex (Male, %) 138 (76.2) 24 (80.0) 0.652

Tumor location (n/%)a 0.033

Upper 1/3 49 (27.1) 14 (46.7)

Middle 1/3 26 (14.4) 6 (20.0)

Lower 1/3 106 (58.6) 10(33.3)

Gross type (n/%) 0.183

Elevated 79 (43.6) 14 (46.7)

Flat 58 (32.0) 13 (43.3)

Depressed 44 (24.3) 3(6.4)

Depth of invasion (n/%) 0.147

Mucous layer 168 (92.8) 25 (83.3)

Submucosa 13(7.2) 5(16.7)

Differentiated types (n/%)° 0371

Differentiated 170 (93.9) 30 (100.0)

Undifferentiated 11 (6.1) 0(0.0)

Tumor size (n/%) a 0.775

<2cm 155 (85.6) 27 (90.0)

>2.cm 26 (14.4) 3(10.0)

Lymphovascular infiltration (n/%)* 0.461

Present 3(1.7) 1(33)

Absent 178 (98.3) 29 (96.7)

Resection margin (n/%)° 1.000

Positive 6(3.3) 1(3.3)

Negative 175 (96.7) 29 (96.7)

Current gastric ulcer? 26 (14.4) 4(13.3) 1.000

Current HP infection? 24 (13.3) 2(6.7) 0.547

?Tested by Fisher exact test
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Table 3 Multivariate analyses for prognostic outcomes

Outcomes P Coefficient SE Wald HR (95% ClI)

oS

Age (per year) 0.002 0.103 0.033 9.773 1.11(1.04-1.18)
DSS

Lymphovascular infiltration 0.004 3516 1.225 8.243 33.66 (3.05-371.25)
Tumor recurrence

HER2 overexpression 0.016 1.378 0.570 5.843 3.97(1.30-12.14)

Overall Survival

90

Percent survival

Log Rank p =0.815

80

T
0 12 24 36 48 60 72

Months
Number at risk
HER2 negative 181 179 179 176 174 174 171
HER2 overexpression 30 30 30 30 30 28 28

HER2 negative HER2 overexpression

Fig. 1 Kaplan-Meier curves for overall survival

Tumor Recurrence

30
Log Rank p = 0.009

HR =3.97, 95%Cl: 1.30-12.13
20

Percent Recurrence

T T T T T T T

0 12 24 36 48 60 72
Months
Number at risk
HER2 negative 181 179 177 177 177 175 173
HER?2 overexpression 30 30 29 28 27 26 26

HER2 negative
Fig. 3 Kaplan—-Meier curves for tumor recurrence

HER2 overexpression

Disease Specific Survival
100 : .

L -

90

Percent survival

Log Rank p = 0.347

80

T
0 12 24 36 48 60 72

Months
Number at risk
HER2 negative 181 179 179 176 174 174 171
HER2 overexpression 30 30 30 30 30 28 28

HER2 negative HER2 overexpression

Fig. 2 Kaplan—-Meier curves for disease specific survival

patients with EGC for a period of 72 months and found
that HER2 overexpression was only associated with
increased risk of tumor recurrence, not OS or DSS. These
results are novel and would inform future studies.
Prevalence of HER2 positivity in patients with gas-
tric cancer varies across studies. A review by Boku et al.
showed that the prevalence ranged from 3.8 to 36.6%
[15]. However, owing to the lack of studies, determining

the true prevalence of HER2 positivity in patients with
EGC is challenging. In this study, we found that the prev-
alence of HER2 overexpression is 14.2%, which is in line
with that reported by Yan et al. [16]. In our study, the
HER2 expression status was only associated with tumor
location. However, Yan et al. and Han et al. both found
that the HER2 positivity rate was associated with differ-
entiated types, unlike in our study [16, 17]. This differ-
ence could be attributed to the inclusion of only those
patients who received endoscopic treatment and a small
proportion of patients with the undifferentiated type
(5.7%) in our study. The studies by Yan et al. and Han
et al. included patients who received surgical treatment,
and the proportions of patients with the undifferentiated
type were relatively high (35.8% and 53.5%, respectively)
in their studies [16, 17]. Future studies are warranted to
further explore the association between clinicopathologic
characteristics and HER2 status.

Previous studies have shown that HER2 expression sta-
tus is strongly associated with the prognosis of patients
with AGC [11, 18]; however, only few studies have
focused on the association between HER2 expression sta-
tus and the clinical outcomes of patients with EGC. Yan
et al. assessed the expression of HER2 in surgical speci-
mens of 67 patients with EGC and without LNM who
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received surgical resection and investigated the associa-
tion between HER2 expression status and OS [16]. They
found that the prevalence of HER2 positivity was 16.4%
and that HER?2 positivity was associated with poor OS for
EGC (HR = 1.384; 95.0% CI 1.142-1.897; P=0.005) [16].
However, our results showed no association between
HER2 overexpression and OS or DSS. These differences
could likely be explained by the following reasons. First,
Yan et al. included patients treated surgically, whereas we
only included patients receiving endoscopic treatment.
Second, the study by Yan et al. had a small sample size,
which could have affected the reliability of the statistical
estimation of the study outcome.

A significant result of our study is the finding that
HER2 overexpression is correlated with a>fourfold
higher risk of tumor recurrence in patients with EGC.
The potential underlying mechanisms of this result are
unclear. However, evidence suggests that HER2 immu-
noexpression is significantly associated with the devel-
opment of micrometastases, which could lead to tumor
recurrence [19]. In addition, Han et al. retrospectively
reviewed 727 patients who underwent surgical treatment
for EGC and evaluated the clinical significance of HER2
overexpression in these patients. Their results indicate
that HER2 overexpression as a good predictive marker of
LNM in patients with undifferentiated EGC (odds ratio,
6.49; 95% CI 1.12-37.37) [17]. LNM has long been con-
firmed as a significant risk factor for tumor recurrence.
Moreover, previous studies have shown that HER2 over-
expression is associated with recurrence or recurrence-
free survival in breast cancer and gastric cancer [20-23].
These reports along with our results indicate that further
studies are needed to clarify the clinical significance of
HER2 overexpression in tumor recurrence in patients
with EGC.

According to the ToGA trial, HER2 is a target in
patients with AGC with HER2 overexpression [12].
An HER2 test is recommended when metastatic gas-
tric adenocarcinoma is present or suspected. Overall,
studies investigating the association between HER2
overexpression and prognosis of EGC are yet in the pre-
liminary stages. However, these studies indicate that the
importance of HER2 overexpression in EGC should not
be overlooked. Implementing strict endoscopic follow-
up after endoscopic treatment or surgical intervention
rather than endoscopic treatment may be necessary given
HER?2 overexpression may play a significant role in EGC,
as it does in AGC. We recommend performing an HER2
expression test in all patients with EGC.

Our study has several limitations. First, this was a
single-center study. Second, statistical power might be
insufficient because of the small sample size and out-
come events. Third, many patients were lost to follow-up,

Page 6 of 7

which could have affected the results. Finally, fluores-
cence in situ hybridization (FISH) was not performed
for IHC 2+ patients, which could have resulted in the
misclassification of IHC 2+and FISH (—) patients into
the HER2 overexpression group. However, in our study,
6 patients in the HER2 overexpression group were IHC
2+. Hence, the effect of this misclassification was prob-
ably minimal.

Conclusion

In conclusion, HER2 overexpression is an independent
risk factor for tumor recurrence in patients with EGC
who receive endoscopic treatment. Therefore, HER2
may have clinical significance in EGC as it does in AGC.
Clinicians should hence be cautious of the possibility of
tumor recurrence in patients with EGC who have HER2
overexpression. Further studies are warranted to confirm
the prognostic role of HER2 expression in patients with
EGC.
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