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Abstract

Background: The heterogenous expression of human epidermal growth
factor receptor (HER) family members may contribute to poor response
to current therapies with HER inhibitors in cancer. This study aimed to
explore the co-expression and prognostic significance of HER family
members with epidermal growth factor receptor variant III (EGFRvI-
I0), cluster of differentiation 44 (CD44), cluster of differentiation 109
(CD109), and claudin 18.2 (CLDN18.2) in patients with stomach cancer.

Methods: The relative expression and prognostic significance of
these biomarkers at different cut-off values were determined in 78
patients with stomach adenocarcinoma by immunohistochemistry.

Results: Of the 78 cases, positive tumor staining was present for wild-
type EGFR (13%), HER2 (82%), HER3 (9%), HER4 (33%), EGFRVIII
(33%), CD44 (41%), CD109 (60%), and CLDN18.2 (40%). Further-
more, the expression of HER2 was accompanied with the co-expression
of EGFR (9%), HER3 (8%), HER4 (27%), EGFRVIII (28%), CD44
(33%), CD109 (49%), and CLDN18.2 (32%). Interestingly, at the cut-
off value > 5% of tumor cells with positive staining, the co-expressions
of HER2/EGFRVIII, EGFRVIII/CD44, and HER2/EGFRVIII/CD44
were associated with poor overall survival. Moreover, CLDN18.2 im-
munostaining of intensity of 3+, membranous expression of CD109,
the co-expression of CD109/CLDN18.2 and CD109/EGFRVIII/CD44
were also associated with poorer overall survival and a higher risk of
poor overall survival. All these remained as independent prognostic
factors for survival in multivariate analysis.

Conclusion: This study provides first comprehensive analysis of the
novel biomarker combinations that are significantly associated with
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overall survival. Co-expression of HER2 with EGFRVIII, CD44, and
CD109, plus membranous CD109 and high-intensity CLDNI18.2,
independently predicted poor survival in stomach adenocarcinoma,
highlighting their potential as prognostic biomarkers. These biomark-
er combinations may represent potential therapeutic targets for novel
combination therapies, and future studies should investigate their pre-
dictive value for the response to therapy.

Keywords: Stomach cancer; Prognosis; EGFRvIII; CD44; Claudin
18.2; CD109

Introduction

The aberrant expression of human epidermal growth factor re-
ceptor (HER) family members has been reported in a number of
human cancers and has been associated with tumor proliferation,
progression, and metastasis. In some studies, it has also been as-
sociated with patients’ prognosis [1-4]. Of the HER family mem-
bers, epidermal growth factor receptor (EGFR) and HER2 have
become attractive targets for therapy with monoclonal antibodies
and small tyrosine kinase inhibitors in several human malignan-
cies including breast, non-small cell lung cancer (NSCLC), and
stomach cancer [5-7]. Despite such advances, many patients do
not benefit from therapy with the HER inhibitors alone, suggest-
ing that the expression of other factors may contribute to the poor
response or the development of resistance to treatment with vari-
ous therapeutic agents. For example, the aberrant expression of
cancer stem cells (CSCs) has been implicated in several cancers
due to their role in cancer initiation, proliferation and progres-
sion, as well as their ability to self-renew and differentiate into
various tumor cell types. Therefore, the presence of CSCs may
contribute to the tumor heterogeneity and ultimately chemother-
apy resistance as well as a poorer prognosis in cancer patients
[8-10]. Indeed, in some studies, the presence of CSCs and the
crosstalk between the HER family members have been associ-
ated with resistance to anti-HER2-targeted therapy in patients
with breast and stomach cancers [11-14].

Of the CSCs, cluster of differentiation 44 (CD44) is a
transmembrane glycoprotein receptor that binds to hyalu-
ronic acid which cascades intracellular signaling that results
in function such as cell adhesion, migration, and invasion

Articles © The authors | Journal compilation © World | Oncol and Elmer Press Inc™ | https://wjon.elmerpub.com
254 This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/wjon2552&domain=pdf&date_stamp=2025-04-01

Al Janaby et al

World ] Oncol. 2025;16(3):254-268

[8, 15]. In other studies, the expression of CD109, which is
a glycoprotein that is a member of the a2-macroglobulin/
complement family and a co-receptor of transforming growth
factor (TGF)-P, has been reported in several human malignan-
cies and has been associated with poor prognosis [16-18]. In
stomach cancer, the expression of CD109 has been shown to
induce 5-flourouracil (5-FU) resistance in NCI-N87 cell line
[19]. In addition, the interactions between CD109 and EGFR
have been shown to promote cancer progression [20]. How-
ever, there are no studies investigating the co-expression and
prognostic significance of CD109 and HER family members
in patients with stomach cancer.

In recent years, the expression of claudin (CLDN)18.2
has been widely investigated as a potential therapeutic target
for stomach cancer. CLDN18.2 is a highly selective gastric
lineage marker that is expressed in short-lived differentiated
cells of the stomach mucosa. However, during malignant
transformation, the loss of cell polarity exposes the epitope of
CLDN18.2, making it accessible to antibodies and a potential
therapeutic target [21, 22]. In March 2024, the anti-CLDN18.2
antibody zolbetuximab was approved for the treatment of
HER2-negative, CLDN18.2-positive stomach cancer and gas-
troesophageal cancer patients in Japan [23]. In October 2024,
anti-CLDN18.2 mAb zolbetuximab was FDA approved as a
first-line treatment for patients with locally advanced unresect-
able/metastatic HER2-negative gastric or gastroesophageal
junction (GEJ) adenocarcinoma whose tumors are CLDN18.2-
positive [24, 25]. The approval was based on the results ob-
tained from SPOTLIGHT and GLOW clinical trials where the
combination of zolbetuximab with mFOLFOX6 or CAPOX
increased progression-free survival (PFS) by 1.94 and 1.41
months, respectively [26].

While the expression of individual HER family members
and related biomarkers has been studied in stomach cancer,
the complex interplay and co-expression of the entire HER
family (including epidermal growth factor receptor variant I1I
(EGFRvIII)), CD44, CD109, and CLDN18.2 remain largely
unexplored. This study aimed to uniquely address this critical
gap by examining the co-expression of all these biomarkers
and providing a comprehensive analysis of their prognostic
significance in stomach adenocarcinoma patients.

Materials and Methods

Patients

In this study, 78 stomach adenocarcinoma patients who under-
went laparoscopic subtotal/total gastrostomy or open subtotal/
total gastrostomy at the Royal Surry Hospital (Guildford, UK)
between 2006 and 2019 were included. Ethical approval was
obtained from the NHS Health Research Authority (HRA) and
Health and Care Research Wales (HCRW) (IRAS approval ID:
277537) and as only archived tumor specimens were included,
the ethics committee waived the need for patient consent and
patient information were analyzed anonymously. Tumor blocks
with insufficient tumor and no follow-up information were ex-
cluded from this study. Complete clinicopathological charac-

teristics including gender, tumor stage, depth of invasion, and
tumor grade were available for each patient. The median follow-
up period for these patients was 5 years and the median age was
73.5 years which ranged between 29 and 93 years.

Immunohistochemistry

Serial sections of tumor specimens were cut from a batch of
78 paraffin-embedded blocks from stomach cancer patients.
These sections were stained using primary antibodies as fol-
lows: mouse anti-EGFR (clone DAK-H1-WT, 1:100, Agilent
Cat# M7298, RRID:AB 2286187), mouse anti-Her2/neu
(clone 3B5, 1:200, Santa Cruz Biotechnology Cat# sc-33684,
RRID:AB_627996), rabbit anti-HER3 (clone SP71, 1:50, Ab-
cam Cat# ab93739, RRID:AB 10563976), mouse anti-HER4
(clone HFR1 1:100, Santa Cruz Biotechnology Cat# sc-53280,
RRID:AB _629257), mouse anti-EGFRVIII (clone DHS.3,
1:500, Novus Cat# NBP2-50599, RRID:AB_3328879), mouse
anti-CD44 (1:40, Agilent Cat# M7082, RRID:AB_2076596),
and mouse anti-CD109 (30 pg/mL, KU42.33C, Kingston Uni-
versity, UK) [27], as described previously [17]. The staining
for CLDN18.2 was conducted using rabbit anti-CLDN18.2
mAb (clone EPR19202, at 2 pg/mL, Abcam Cat# ab222512).
Optimization of this antibody was conducted using and normal
stomach tissue as positive control and negative control (no pri-
mary antibody) in the run. All slides were counterstained with
hematoxylin, mounted, and hand cover slipped. All staining
was carried out using the Ventana Discovery Ultra autostainer
using the UltraView DAB kit (Roche, UK) as described previ-
ously [17], with exception of CLDN18.2 which was stained
using the OptiView DAB Kit (Roche, UK).

Immunohistochemical scoring

All sections were scored depending on the percentage of tumor
cells with positive immunostaining (> 5%, > 10%, > 20%, and
> 50%), the intensity of immunostaining (i.e., 0 = negative,
1+ = weak, 2+ = moderate, and 3+ = strong), and their subcel-
lular location (i.e., membranous, cytoplasmic, and nuclear), as
described previously [17]. Scoring was conducted by two in-
dependent observers (including a consultant histopathologist)
who were blinded to all clinical information and any disparity
in scoring was resolved by simultaneous reassessment of the
staining by both observers.

Statistical analysis

The statistical analysis was conducted using the Statistical
Package for Social Sciences software (IBM®, SPSS statis-
tics version 28, RRID:SCR 002865, UK). The Chi-square
test (Pearson’s Chi-square) and Fisher’s exact test were used
to assess the correlation between the immunohistochemistry
score and the patient clinicopathological data. Kaplan-Meier
survival plots were used to determine the association between
biomarker expression and overall survival and the difference
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Table 1. Patient Clinicopathological Characteristics and Association With Overall Survival Using Kaplan-Meier Analysis and Log-

Rank Test in 78 Stomach Tumor Specimens

Characteristics Number of patients (%) Overall survival in years (mean + SE) 95% CI P-value

Age 0.369
<60 12 (15.4) 7.0+1.5 4.0 -10.0
>60

Gender 66 (84.6) 6.3+0.7 50-75 0.277
Male

Lauren classification 55(70.5) 6.9+0.8 53-8.5 0.394
Intestinal type 39 (50.6) 6.1+£0.8 45-17.7
Diffuse type/mixed type

T-stage 38 (44.2) 72+0.9 53-9.1 0.185
T1+T2 39 (50.0) 72+0.8 5.6-89
T3+ T4

Grade 39 (50.0) 52+0.7 3.8-6.7 0.353
<G3 22 (28.2) 5.6+1.1 34-77
G3

Lymph node invasion 56 (71.8) 6.7+0.7 52-8.1 0.030*
Absent 32 (41.0) 84+1.38 6.1-10.7
Present

Lymphatic invasion 46 (59.0) 53+0.7 4.0-6.7 0.575
Absent 32 (41.0) 6.9+0.9 5.1-8.6
Present

Vascular invasion 46 (59.0) 6.4+£0.9 44-83 0.057
Absent 57 (73.1) 7.1+£0.8 5.6-8.6
Present

Perineural invasion 21 (26.9) 4.4+0.8 29-59 0.019%*
Absent 50 (64.1) 73+0.8 59-8.8
Present 28 (35.9) 3.9+0.7 25-53

*Statistically significant. Cl: confidence interval; SE: standard error.

between the individual groups was determined using a log-
rank test. Cox regression univariate and multivariate analysis
was conducted to confirm whether the association with the
biomarker expression is an independent factor of overall sur-
vival. P <0.05 was considered statistically significant.

Results

Association between clinicopathological characteristics of
stomach cancer patients and overall survival

The overall survival was determined by Kaplan-Meier curves
and log-rank test [28]. The mean overall survival was 6.48 +
0.65 years. The overall survival was found to be significantly
poorer in patients with lymph node invasion (5.3 + 0.7 versus
8.4 + 1.8 years, P = 0.030) and in patients with perineural in-
vasion (3.9 £ 0.7 vs. 7.3 £ 0.8 years, P = 0.019). Furthermore,
patients with vascular invasion had reduced overall survival,
however, it was not statistically significant (P > 0.05, Table 1).

Immunohistochemical expression of HER family mem-
bers and EGFRVIII in stomach cancer patients

We examined the expression levels of the four HER family
members (wild-type (wt)-EGFR, HER2, HER3, and HER4)
and EGFRVIII in tumor specimens from 78 stomach adeno-
carcinoma patients. HER2 and HER4 expressions were sub-
stantially higher than wt-EGFR and HER3 (Table 2). Using
a > 5% tumor cell positivity cut-off, we detected wt-EGFR
in 12.8% (10/78) of patients, with membranous and cytoplas-
mic staining exhibiting weak to strong intensity (Fig. la). In
contrast, HER2 positivity was observed in 82% of patients,
predominantly cytoplasmic (78%), with only 8% (6/78) show-
ing strong intensity (Fig. 1b). HER3 was positive in 9% of
cases, exhibiting membranous/cytoplasmic staining, while
strong staining was rare (3%, 2/78) (Fig. 1c). HER4 positivity
was found in 33% of cases, with primarily cytoplasmic/nucle-
ar staining, and no cases exhibiting strong intensity (Fig. 1d).
At the > 5% cut-off, we observed EGFRVIII in 33% of cases,
mostly cytoplasmic (22%) with weak intensity (Fig. le, Table
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Table 2. Immunohistochemical Expression/Co-Expression of HER Family Members, EGFRvlIl, CD44, CD109, and CLDN18.2

Receptor expression

Scoring criteria Wt-EGFR HER2 HER3 HER4 EGFRvIII CD44 CD109 CLDN18.2
Percentage of positive tumor cells, %
>5% 10 (12.8) 64 (82.1) 7(9.0)0 26(33.3) 26(33.3) 32 (41.0) 47(60.3) 31(39.7)
>10% 6 (7.7) 60 (76.9) 4(5.1) 19(244) 17(21.8) 31(39.7) 44(56.4) 24(30.8)
>20% 3(3.8) 53(67.9) 2(2.6) 15(19.2) 10(12.8) 24 (34.6) 34(43.6) 17(21.8)
>50% 1(1.3) 28(359) O 4(5.1) 7 (9.0) 13(15.7) 20(23.3) 13(16.7)
Intensity
1+ 8 (10.3) 34 (43.6) 4(5.1) 25(32.1) 20(25.6) 14(17.9) 47(60.3) 19(24.4)
2+ 0 32 (41.0) 4(5.1) 1(1.3) 11 (14.1) 16 (20.5) 1(1.3) 14 (17.9)
3+ 2 (2.6) 6(7.7) 2(26) 0 0 14(179) 0 6 (7.7)
Sub-cellular localization
Membranous 3(3.8) 10(12.8) 5(64) 0 0 32 (41.0) 17 (19.8)  31(39.7)
Cytoplasmic 10 (12.8) 61(78.2) 3(2.8) 17(21.8) 25(32.1) 0 47(603) 0
Nuclear 0 0 0 22(28.2) 2(2.6) 0 0 0
Co-expression
Markers > 5% cut-off >10% cut-off >20% cut-off >50% cut-off

Wt-EGFR/HER2
Wt-EGFR/CD109
HER2/HER4
HER2/EGFRvIIT
HER2/CD44

HER2/CD109
HER2/CLDN18.2
HER2/EGFRVIII/CD44
HER2/EGFRvIII/CD109
HER2/CD44/CD109
HER2/CD44/CLDN18.2
HER2/CD44/CD109/CLDN18.2
HER2/ CD109/CLDNI18.2
HER4/EGFRvVIIL
HER4/CD44

HER4/CD109
HER4/CLDN18.2
HER4/CD44/CD109
HER4/CD44/CLDN18.2
HER4/CD109/CLDN18.2
HER4/CD44/CD109/CLDN18.2
EGFRvIII/CD44
EGFRVIII/CD109
EGFRVIII/CLDN18.2
EGFRvIII/CD44/CD109
EGFRvIII/CD109/CLDN18.2
CD44/CD109
CD44/CLDN18.2
CD44/CD109/CLDN18.2
CD109/CLDNI18.2

7(9.0)

8 (10.3)
21(26.9)
22(28.2)
26 (33.3)
38 (48.7)
25 (32.1)
9(11.5)
13 (16.7)
20 (25.6)
13 (16.7)
12 (15.4)
20 (25.6)
7 (9.0)
15 (19.2)
19 (24.4)
13 (16.7)
11 (14.1)
8(10.3)
13 (16.7)
8(10.3)
10 (12.8)
14 (17.9)
10 (12.8)
8(10.3)
7(9.0)
24 (30.8)
15 (19.2)
14 (17.9)
25 (32.1)

4(5.1)
6(7.7)
14 (17.9)
12 (15.4)
21 (26.9)
34 (43.6)
19 (24.4)
4(5.1)
5(6.4)
16 (20.5)
9 (11.5)
9 (11.5)
16 (20.5)
1(1.3)
8(10.3)
16 (20.5)
8(10.3)
7(9.0)
3(3.8)

8 (10.3)
3(3.6)
4(5.1)
6(7.7)
2(2.6)
3(3.8)
2(2.6)
20 (25.6)
11 (14.1)
10 (12.8)
21 (26.0)

1(1.3)
3(3.8)
11 (14.1)
4(5.1)
16 (20.5)
24 (30.8)
13 (16.7)
4(5.1)
1(1.3)
10 (12.8)
3(3.8)
2(2.6)

9 (11.5)
0

7(9.0)
8(10.3)
4(5.1)
5(6.4)

0

3(3.8)

0

4(5.1)
2(2.6)

0

1(1.3)

0

13 (16.7)
3(3.8)
2(2.6)
12 (15.4)

0
1(1.3)
1(1.3)
0
4(5.1)

10 (12.8)

4(5.1)
0
0
3(3.8)
0
0
2(2.6)
0
0
1(1.3)
0

(1.3)

S O O = O O O O

0
5(6.4)
2(2.6)
1(1.3)
(6.4)

CD: cluster of differentiation; CLDN18.2: claudin 18.2; EGFRVIII: epidermal growth factor receptor variant Ill; HER2: human epidermal growth factor

receptor 2; wt: wild-type.
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Figure 1. The immunohistochemical staining of HER family members, EGFRvIIl, CD44, CD109, and CLDN18.2 in whole tumor
specimens from patients with stomach adenocarcinoma (x 200 magnification). (a) EGFR 3+ membranous/cytoplasmic, (b) HER2
3+ membranous, (c) HER3 2+/3+ membranous, (d) HER4 1+ nuclear/cytoplasmic, (e) EGFRVIII 2+ cytoplasmic, (f) CD44 3+ mem-
branous, (g) CD109 1+ membranous/cytoplasmic, (h) CLDN18.2 2+/3+ membranous, and (i) CLDN18.2 3+ in normal tissue and 2+
in tumor (arrow). CD44: cluster of differentiation 44; CD109: cluster of differentiation 109; CLDN18.2: claudin 18.2; EGFR: epidermal
growth factor receptor; EGFRUVIII: epidermal growth factor receptor variant lll; HER2: human epidermal growth factor receptor.
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2). Increasing the cut-off to > 50% reduced EGFRVIII positiv-
ity to 9% of cases (Table 2). Table 2 summarizes HER family
immunostaining results across various positivity cut-offs.

Immunohistochemical staining of CD44, CD109, and
CLDNI18.2 in stomach cancer

Using a > 5% tumor cell positivity cut-off, we found CD44 to
be positive in 41% of cases, localized to the cell membrane
(Fig. 1f). Strong CD44 staining intensity was observed in 18%
of cases. CD109 positivity was observed in 60% (47/78) of
cases; however, staining intensity was predominantly weak,
with only one patient showing moderate intensity. CD109
staining was membranous in 20% and cytoplasmic in 60%
of cases (Fig. 1g). CLDN18.2 positivity (> 5% cut-off) was
detected in 40% of cases, exclusively membranous. Strong
staining intensity was present in 8% of cases, with weak and
moderate intensity being observed in 24% and 18% of cases,
respectively (Fig. 1h). We also noted CLDN18.2 expression
in normal stomach tissue within the examined tumor blocks
(Fig. 1i). Table 2 provides a summary of biomarker expression
across various positivity cut-offs.

Co-expression of HER family with EGFRvIII, CD44,
CD109, and CLDN18.2

As the heterogenous nature of human cancer and crosstalk be-
tween HER family members with other factors may play an
important role in resistance to therapy, it is essential to deter-
mine the co-expression level of these biomarkers in stomach
cancer. We found that at a cut-off value of > 5% tumor cells
with positive immunostaining, HER2 frequently co-expressed
with wt-EGFR (9%) more than with HER3 (1%), HER4 (4%),
or HER2/HER4 (1%) (Table 2 and Supplementary Material 1,
wjon.elmerpub.com). Notably, the highest co-expression of two
or more HER family members occurred between HER2 and
HER4 (27%), while no patients exhibited co-expression of all
four HER family members (Table 2 and Supplementary Materi-
al 1, wjon.elmerpub.com). Next, tumors from the same group of
patients were examined for the co-expression of EGFRVIII with
all four members of the HER family. Our findings indicated that
tumors co-expressed EGFRVIII more commonly with HER2
(28%) than with wt-EGFR (5%), HER3 (4%), or HER4 (9%)
(Table 2 and Supplementary Material 1, wjon.elmerpub.com).
For the first time in this study, we explored the co-ex-
pression of HER family members and EGFRVIII with other
biomarkers, including CD44, CD109, and CLDN18.2. At the
same cut-off value of > 5%, we identified co-expression of wt-
EGFR with CD44 (5%), CD109 (10%), and CLDN18.2 (3%).
In contrast, we found that HER2 exhibited more frequent co-
expression with CD44 (33%), CD109 (49%), and CLDN18.2
(32%). We further observed that 12% of cases showed co-ex-
pression of HER2 with EGFRvIII/CDA44, 17% with EGFRvIII/
CD109, 26% with CD44/CD109, and 15% with CD44/CD109/
CLDNI18.2. Additionally, in 31% of cases, we noted that CD44
co-expressed with CD109, in 19% with CLDN18.2, and in

18% with CD109/CLDN18.2. Lastly, we found that CD109
co-expressed with CLDN18.2 in 32% of the cases. These co-
expression results, along with data from higher cut-off values
that were less common, are summarized in Table 2 and Sup-
plementary Material 1 (wjon.elmerpub.com).

Association between the clinicopathological character-
istics and the expression of HER family members and
EGFRvIII, CD44, CD109, and CLDN18.2

Following the determination of the expression of these bio-
markers in the tumor specimens from 78 patients with stom-
ach adenocarcinoma, a Fisher’s exact correlation test was
performed to determine whether there was any significant as-
sociation between the expression and co-expression of these
biomarkers and the clinicopathological characteristics. The re-
sults of any significant associations between these biomarkers
and clinicopathological parameters are presented in Table 3.

For example, at the cut-off value of > 5% of the tumor
cells with positive staining, the co-expression of HER2/
CD109/CLDN18.2 was more common in patients over the age
of 60 (P = 0.030). The expression of EGFRVIII was associ-
ated with depth of tumor and lymphatic invasion (Table 3).
In addition, at cut-off value of > 5% of the tumor cells, there
was also a significant association between the co-expression
of wt-EGFR/HER2, wt-EGFR/CD109, HER2/EGFRVIII and
HER4/EGFRVIII, and lymphatic invasion. At the same cut-off,
the co-expression of HER2/CD44/CLDN18.2 was found to be
more common in diffuse/mixed type (P = 0.034, Table 3). The
co-expression of HER2/CD109, at both cut values of > 5% (P
=0.011) and > 10% (P = 0.002) of the tumor cells with posi-
tive staining, was more common in higher grade tumors (Ta-
ble 3). Finally, there was a statistically significant association
between vascular invasion being present and the expression
of EGFR at the cut-off value of > 10% of the tumor cells with
positive staining (P = 0.005, Table 3).

Association between the expression of HER family mem-
bers, EGFRvVIII, CD44, CD109, and CLDN18.2 and the
overall survival in stomach cancer patients

There was no association between the expression of HER fam-
ily members and overall survival in this study. Intriguingly,
there was an association between the expression of EGFRVIII
at intensity 1+ and poor overall survival in these patients (7.23
+ 0.79 vs. 4.48 £ 1.03 years, P = 0.037, Fig. 2a). The mem-
branous expression of CD109 was also associated with poor
overall survival in these patients (7.06 + 0.75 vs. 3.93 £ 0.75
years, P = 0.028, Table 4, Fig. 2b). Moreover, patients with
strong (intensity 3+) CLDNI18.2 staining had poorer overall
survival (6.83 £ 0.70 vs. 3.50 = 1.50 years, P = 0.032, Fig. 2c).

At cut-off values of > 5% and > 10% of tumor cells with
positive immunostaining, the co-expression of HER2/EGFRVIII
was associated with poor overall survival in these patients (Fig.
2d, e). Interestingly, at cut-off value of > 5% of tumor cells with
positive immunostaining, the co-expressions of HER2/EGFRvI-
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Table 3. Association Between Clinicopathological Characteristics and Protein Expression Using Chi-Square Test (FET)

Clinicopathological parameters
Number of patients with receptor expression

Receptor (sub-categories) Chi-square test (FET)

Age
<60 > 60
HER2/CLDNI18.2 (> 5%) 0 25 0.010 (0.007)
HER2/CLDN18.2 (= 10%) 0 19 0.033 (0.032)
HER2/CD109/CLDN18.2 (> 5%) 0 20 0.027 (0.030)
Lauren classification
Intestinal type Diffuse/mixed type
HER2/CD44/CLDN18.2 (= 5%) 3 10 0.026 (0.034)
T-stage
T1+T2 T3 + T4
HER?2 (intensity 1+) 12 22 0.022 (0.039)
EGFRVIII (> 5%) 6 20 0.0008 (0.002)
EGFRVIII (cytoplasmic) 6 19 0.002 (0.003)
EGFRVIII (intensity 1+) 5 15 0.010 (0.018)
HER2/HER4 (> 5%) 15 6 0.022 (0.040)
HER2/EGFRVIII (> 5%) 6 16 0.012 (0.022)
Vascular invasion
Absent Present
Wt-EGFR (= 10%) 1 5 0.001 (0.005)
Wt-EGFR (membranous) 0 3 0.004 (0.017)
EGFRVIII (cytoplasmic) 14 11 0.020 (0.029)
EGFRVIII (intensity 1+) 11 9 0.035 (0.044)
Wt-EGFR/CD109 (> 5%) 3 5 0.017 (0.029)
Wt-EGFR/CD109 (> 10%) 1 5 0.001 (0.005)
Lymphatic invasion
Absent Present
Wt-EGFR (= 5%) 0 10 0.005 (0.004)
Wt-EGFR (cytoplasmic) 0 10 0.005 (0.004)
Wt-EGFR (intensity 14) 0 8 0.013 (0.018)
EGFRVIII (= 5%) 5 21 0.006 (0.007)
EGFRVIII (cytoplasmic) 5 20 0.010 (0.013)
EGFRVIII (intensity 1+) 3 17 0.006 (0.008)
Wt-EGFR/HER2 (> 5%) 0 7 0.021 (0.037)
Wt-EGFR/CD109 (> 5%) 0 8 0.013 (0.018)
HER2/EGFRVIII (= 5%) 4 18 0.010 (0.011)
HER4/EGFRVIII (= 5%) 0 7 0.021 (0.037)
Perineural invasion
Absent Present
CLDNI18.2 (> 20%) 7 10 0.026 (0.043)
Grade
<G3 G3
HER2 (membranous) 7 3 0.002 (0.004)
HER2 (intensity 1+) 5 29 0.020 (0.024)
CD109 (= 10%) 17 27 0.020 (0.024)
CD109 (membranous) 10 7 0.002 (0.004)
HER2/CD109 (= 5%) 16 22 0.008 (0.011)
HER2/CD109 (> 10%) 16 18 0.001 (0.002)

CD: cluster of differentiation; CLDN18.2: claudin 18.2; EGFRVIII: epidermal growth factor receptor variant lll; FET: Fisher’s exact t-test; HER2: human
epidermal growth factor receptor 2; wt: wild-type.
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Figure 2. The prognostic significance and the association between the sub-categories of receptor expression and the OS of
stomach cancer patients expressing EGFRVvIII intensity 1+ (a), CD109 membranous expression (b), CLDN18.2 intensity 3+
(c), HER2/EGFRUVIII at cut-off value of 2 5% (d), and HER2/EGFRVIII at cut-off value of 2 10% (e). A log-rank test value of P <
0.05 was considered statistically significant. CD109: cluster of differentiation 109; CLDN18.2: claudin 18.2; EGFRUVIII: epidermal
growth factor receptor variant lll; HER2: human epidermal growth factor receptor 2; OS: overall survival.

II/CD44 (6.93 + 0.69 vs. 2.33 £+ 0.56 years, P = 0.011, Fig. 3a),
EGFRVIII/CDA44 (7.02 £ 0.69 vs. 2.17 + 0.52 years, P = 0.003,
Fig. 3b), and EGFRVIII/CD44/CD109 (7.01 + 0.68 vs. 1.65 +
0.50 years, P=0.0001, Fig. 3c) were all associated with poorer
survival outcome in these patients (Table 4). Furthermore, using
univariate analysis, apart from EGFRvIII and CLDN18.2 inten-
sity 1+, patients with CD109 membranous staining, CLDN18.2
intensity 3+, HER2/EGFRvVIII/CD44, and EGFRvVIII/CD44
co-expression were at a higher risk of poorer overall survival,

which remained as independent prognostic factors in multivari-
ate analysis (Table 4). Moreover, at the cut-off value > 5% of
tumor cells with positive immunostaining, patients with co-
expression of EGFRVIII/CD44/CD109 had a 4.2-fold increased
risk of poorer overall survival (P = 0.0009), which remained an
independent prognostic factor in multivariate analysis (Table
4, P =0.0009). Finally at the same cut-off value, patients with
co-expression of CD109/CLDN18.2 had poor overall survival
(7.01+£0.74 vs.3.99 + 0.97 years, P=0.021, Fig. 3d) which also

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com 261



Prognostic of HER in Stomach Adenocarcinoma

World ] Oncol. 2025;16(3):254-268

Table 4. Association Between Expression of HER Family Members and Overall Survival in Univariate and Multivariate Analysis

Univariate Multivariate

Expression % %

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
EGFRUVIII intensity 1+ NS NS
CD109 membranous 2.04 1.02 - 4.07 0.042 2.27 1.06 - 3.87 0.022
CLDNI18.2 intensity 3+ 2.36 0.90 - 5.65 0.050 2.62 1.09 - 3.87 0.031
HER2/EGFRVIII > 5% 1.89 1.02 - 3.49 0.041 1.96 1.06 - 3.65 0.031
HER2/EGFRVIII > 10% 2.24 1.06 -4.73 0.033 2.45 1.15-5.21 0.020
EGFRVIII/CD44 > 5% 2.97 1.33-6.61 0.008 2.97 1.33-6.61 0.008
CD109/CLDNI18.2 > 20% 2.16 1.05-4.43 0.035 2.06 1.00 - 4.25 0.048
HER2/EGFRVIII/CD44 > 5% 2.68 1.16 - 6.20 0.021 2.68 1.16 - 6.20 0.021
EGFRvVIII/CD44/CD109 > 5% 4.21 1.79-9.98 0.0009 4.21 1.79-9.98 0.0009

CD: cluster of differentiation; Cl: confidence interval; CLDN18.2: claudin 18.2; EGFRVIII: epidermal growth factor receptor variant Ill; HER2: human

epidermal growth factor receptor 2; NS: non-significant.

remained significant in multivariate analysis (P = 0.049).

Discussion

Stomach cancer is one of the leading causes of cancer death

worldwide and as patients are frequently diagnosed at an ad-
vanced stage, the 5-year survival rate is around 7.0% [29, 30].
Increased expression of HER family members has been report-
ed in several human cancers including stomach cancer and in
some cases associated with poor prognosis and they can be an
independent prognostic factor of survival [3, 17, 31]. Of vari-
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Figure 3. The prognostic significance and the association between the sub-categories of receptor expression and the OS of stom-
ach cancer patients expressing HER2/EGFRUVIII/CD44 at cut-off value of = 5% (a), EGFRvIII/CD44 at cut-off value of =2 5% (b), EG-
FRvIII/CD44/CD109 at cut-off value of = 5% (c), and CD109/CLDN18.2 at a cut-off value of = 20% (d) in patients with stomach can-
cer. Alog-rank test value of P < 0.05 was considered statistically significant. CD44: cluster of differentiation 44; CLDN18.2: claudin
18.2; EGFRUVIII: epidermal growth factor receptor variant lll; HER2: human epidermal growth factor receptor 2; OS: overall survival.
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ous types of EGFR mutations, the expression of EGFRVIII,
a constitutively active, and ligand-independent receptor, has
been reported in several cancers including glioblastoma and
NSCLC [32, 33]; however, there are no studies investigating
the co-expression level of all members of the HER family and
EGFRVIII in patients with stomach cancer.

In this study, at the cut-off value of > 5% of tumor cells
with positive staining, the expression of wt-EGFR, HER?2,
HER3, and HER4 was present in 13%, 82%, 9%, and 33%
of the cases examined, respectively (Table 2). However, the
cellular location of EGFR was mainly cytoplasmic (12.8%)
and only 3.8% of the cases had membranous expression of
EGFR. The majority of studies investigating EGFR expres-
sion in stomach cancer have only focused on the membranous
expression of EGFR, and did not report cytoplasmic expres-
sion of EGFR [31, 34, 35]. However, in other cancers such
as pancreatic cancer and oral squamous cell carcinoma, cyto-
plasmic expression of EGFR has shown to be associated with
disease aggressiveness and shorter overall survival [36, 37]. In
this study, EGFR cytoplasmic expression was associated with
lymphatic invasion but there was no statistically significant as-
sociation between the expression of cytoplasmic EGFR and
overall survival. In literature, there is no general agreement
on the prognostic significance of EGFR in stomach cancer. In
some retrospective studies, the EGFR expression was associat-
ed with poor survival [38-40], while other studies suggest that
EGFR expression was not associated with poor survival [31,
34, 41]. The use of different antibodies (i.e., antibodies which
recognize both wt-EGFR and EGFRVIII), different incubation
times, sample size, and scoring methods could have contrib-
uted to the conflicting data on the prognostic significance of
EGFR expression in stomach cancer patients. To date, clinical
trials with anti-EGFR therapy have failed to show clinical ef-
ficacy in stomach cancer patients. Therefore, it is important
to take into consideration the cellular location of EGFR, its
phosphorylation status, and their prognostic significance when
treating with various types of HER inhibitors targeting one or
more members of the HER family and when used in combina-
tion with other target agents, which warrants further investiga-
tions in a larger group of patients [42-44].

In contrast to the wt-EGFR, EGFRVIII is a type III de-
letion-mutant receptor that is characterized by being consti-
tutively active [45]. In the present study, the expression of
EGFRvllI-positive cases (33.3%) was higher than the wt-
EGFR (12.8%) and it was also mostly found in the cytoplasm
of tumors (Table 2). In addition, the expression of EGFRvVIII
was associated with vascular and lymphatic invasion (Table 3).
Interestingly, the expression of EGFRVIII intensity 1+ was sig-
nificantly associated with poorer overall survival in this group
of patients (P = 0.037, Fig. 2a). However, it did not remain as
an independent prognostic factor in multivariate analysis (Ta-
ble 4). The expression of EGFRVIII is observed in glioblas-
toma [46], head and neck cancer [47], and more recently in pa-
tients with hepatocellular carcinoma [48]. EGFRVIII is almost
exclusively present with EGFR amplification in glioblastoma
[32, 49]. However, in head and neck squamous cell carcinoma,
EGFRVIII expression did not correlate with EGFR amplifica-
tion, suggesting an alternative mechanism of EGFRVIII gen-
eration [47]. However, this is the first study examining the

expression level and prognostic significance of EGFRVIII in
patients with stomach cancer. Further investigation, using a
larger group of patients, is warranted to confirm the relative
expression, prognostic significance, and predictive value of
EGFRVIII in patients with stomach cancer, and its potential as
a target for therapy with anti-EGFRVIII specific antibodies and
other inhibitors [50].

The expression of HER2 in this group of patients was
higher (i.e., 82%), and with cellular location of HER2 staining
being cytoplasmic and membranous in 78% and 13% of the
cases examined, respectively (Table 2). In literature, the ex-
pression of HER2 varies between 8% and 40% of the cases ex-
amined, and usually scoring contained only the membranous
expression of HER2. In one study, Ghaderi and colleagues
showed HER2 to be expressed both in the membrane and cy-
toplasm in 16% of stomach tumor specimens using rat mAb
IC12 [51]. Using HER2 mouse IgG clone CB11, Tewari and
colleagues reported the membranous expression of HER2 in
21% of stomach cancer patients [52]. Furthermore, Ugras and
colleagues used anti-HER2 mAb clone €2-4001-3BS5 and found
a membranous expression of HER2 in 40% of 56 patients with
primary stomach adenocarcinoma [53]. Although HER2 was
highly expressed in this group of patients, no association was
found between the expression and overall survival. Similarly,
several other studies have reported that HER2 is not a prog-
nostic factor for overall survival [54-56]. Although data on the
expression level and prognostic significance of HER2 remain
unclear, HER2 expression or gene amplification is used as a
biomarker for targeted therapy with the mAb trastuzumab and
antibody-drug conjugate trastuzumab-deruxtecan in HER2-
positive stomach/GEJ adenocarcinoma patients with unresect-
able/metastatic disease [6, 57]. In this study, HER2 expression
was found to be high but membranous expression of HER2,
which is a target antigen for anti-HER2 therapy, was present
in 10% of the cases examined. Therefore, further investiga-
tion is warranted to determine the prognostic significance and
predictive value of both cytoplasmic and membranous HER2
for the targeted therapy with HER2 inhibitors in patients with
stomach cancer.

The crosstalk between the HER family and CSCs has been
proven to promote tumorgenicity, migration, and metastasis in
several human cancers [20, 58-60]. Therefore, in this study, we
investigated the co-expression of HER family members with
CD109, CD44, and CLDNI18.2 for the first time, as well as
their association with overall survival in patients (Table 2 and
Fig. 2). In the present study, at cut-off values > 5% of tumor
cells, the co-expression of HER2/EGFRVIII was observed in
28% of cases examined and this was associated with a poor
overall survival (Fig. 2d). Interestingly, the co-expression of
HER2/EGFRVIII in > 10% of tumor cells also had a poorer
overall survival (Fig. 2e). We found that the co-expressions
of HER2/EGFRVIII in > 5% and > 10% of tumor cells were
independent prognostic factors for poor overall survival (Table
4). Yu and colleagues found that EGFRvIII and HER?2 are co-
expressed in 40% of primary breast cancer tumors and showed
that this co-expression promoted tumorgenicity in transfected
xenografts [61]. Moreover, in 32% of the patients, we found
co-expression of HER2 with CLDN18.2 which was associated
with increased age at both cut-off values of > 5% and > 10%
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of tumor cells (Table 3). In stomach cancer, CLDN18.2-posi-
tive tumors are usually HER2-negative. In agreement with our
findings, results from the FAST trial showed that 14% (13/94)
co-expressed CLDN18.2 with HER2 [62]. In another study,
CLDNI18.2 was found to be co-expressed with HER2 in 12%
(10/83) of patients [63]. Furthermore, Sheng and colleagues
observed increased expression of CLDN18.2 post-trastuzumab
treatment, suggesting an association between trastuzumab re-
sistance and upregulation of CLDN18.2 [64]. To our knowl-
edge, this is the first study showing that co-expression of HER2
with CLDN18.2 or EGFRVIII is associated with increased age
and poor survival in patients with stomach cancer, respec-
tively. Therefore, further investigation should be conducted on
the therapeutic potential of co-targeting such biomarkers in a
larger cohort of patients with the stomach cancer and their pre-
dictive values for the response to therapy.

As mentioned previously, the expression of CD109 has
been associated with poor overall survival and chemotherapy
resistance in cancer [65, 66]. However, there were no stud-
ies examining the expression of CD109 in stomach cancer
patients. In this study, the expression of CD109 was predomi-
nantly present in the cytoplasm (60%) of the tumor cases ex-
amined (Table 2). Furthermore, the membranous expression
of CD109 was found to be associated with a poorer overall
survival and had a two-fold increased risk of a poorer overall
survival, which remained as a poor prognostic indicator of sur-
vival in multivariate analysis (Table 4). Khan and colleagues
observed CD109 expression in 56% of whole tumor specimens
of patients with pancreatic cancer. They also found that the
expression of CD109 in > 50% of tumor cells was associated
with a poorer overall survival. However, in multivariate analy-
sis, it was not a prognostic indicator of overall survival [17].
Interestingly, in squamous cell carcinoma, CD109 was shown
to promote tumorgenicity via heterodimerization with EGFR
leading to the stabilization of EGFR levels and this dimeriza-
tion regulates the cellular stemness through EGFR/AKT sign-
aling [20]. The result of our study suggests that the expression
of CD109 is high in patients with stomach cancer and has co-
expression with wt-EGFR, HER2, HER3, and HER4. These
results support further research on the co-expression and prog-
nostic significance, and predictive value of such biomarkers
in patients with stomach cancer as well as the therapeutic po-
tential of the HER inhibitors when used in combination with
anti-CD109 antibodies in stomach cancer [67].

Interestingly, in this study, patients with co-expression of
CD109/CLDN18.2 in > 20% of tumor cells had a significant-
ly lower overall survival (7.01 £ 0.74 vs. 3.99 + 0.97 years)
and a 2.16 increased risk of poor overall survival which re-
mained an independent prognostic factor (Fig. 3d and Table
4). As this is the first study on the co-expression of CD109 and
CLDN18.2 in patients with stomach cancer, further study, in-
volving a larger group of patients, is warranted, in particular to
investigate the therapeutic potential of co-targeting CLDN18.2
with HER2 or CD109 in patients with stomach cancer which
co-expresses such antigens and their predictive value for the
response to such therapeutic interventions.

In this study, the expression of CD44 was primarily mem-
branous and was present in 41% of tumor specimens examined
(Table 2). There was no association between CD44 expres-

sion and clinicopathological characteristics or overall survival.
Using the same Novocastra anti-CD44 antibody, Kodama et
al and Wakamatsu et al found the expression of CD44 to be
present in 10.6% (positivity defined as > 5% of cancer cells
positively stained) and 62% (positivity defined as > 10% of
positive tumor cells) of stomach cancer patients, respectively.
In addition, they found CD44 expression to be an independent
prognostic factor of survival in patients with stomach cancer.
Although these studies used the same antibody, the expression
pattern varied between these studies and this could be due to
the differences in scoring methods and experimental design
[8, 68]. Further investigations are warranted for the prognostic
significance of CD44 in stomach cancer patients.

At the cut-off value of > 5% of tumor cells with positive
staining, the co-expression of EGFRvVIII and CD44 was pre-
sent in 19.2% of the cases examined, associated with higher
risk of poor overall survival in these patients and remained
as an independent prognostic factor of poor overall survival
(Fig. 3b, Table 4). In another study involving colorectal cancer
patients, Khelwatty and colleagues also showed that the co-ex-
pression of EGFRVIII/CD44 was associated with shorter over-
all survival and remained an independent prognostic factor in
such patients [69]. Finally, of other co-expressions of various
biomarkers, the co-expression of EGFRvIII/CD44/CD109 in
> 5% of tumor cells had a worse overall survival compared to
patients with negative co-expression (7.01 £ 0.68 vs. 1.65 +
0.5, P=10.0001, Fig. 3c). Moreover, these patients had a 4.2-
fold higher risk of poor overall survival which remained as
an independent prognostic factor when adjusted for multivari-
ate analysis (P = 0.0009, Table 4). These results suggest that
the co-expression of EGFRVIII with CD44 and CD109 can be
used as prognostic indicators of survival.

Finally, CLDN18.2 expression has been shown to be prev-
alent in stomach cancer and became a targetable biomarker
for the treatment of HER-negative locally advanced unre-
sectable or metastatic HER2-negative gastric/GEJ adenocar-
cinoma [24, 25]. In this study, the presence of CLDNI18.2 in
normal stomach mucosa was seen in the majority of patients
(Fig. 11). There is evidence suggesting that CLDN18.2 expres-
sion in normal cells is contained in tight junction supramo-
lecular complexes of stomach mucosal cells, resulting in its
epitope to be inaccessible to intravenous antibodies [21, 70].
Furthermore, at the cut-off value of > 5% of positive tumor
cells, CLDN18.2 expression was present in 40% with subcel-
lular location in the membrane (Table 2, Fig. 1h). In addition,
CLDNI18.2 in > 20% of tumor cells was associated with peri-
neural invasion (P = 0.0043, Table 3). A study done by Jun
and colleagues found that CLDN18.2 expression had an in-
verse correlation with perineural invasion while other studies
found no correlation [71-73]. Interestingly in cholangiocarci-
noma, CLDN18.2 expression was significantly associated with
perineural invasion and aggressive disease [74]. Kaplan-Meier
analysis revealed that patients with CLDN18.2 intensity 3+
had a lower overall survival compared to CLDN18.2-negative
patients (6.83 £ 0.70 vs. 3.50 + 1.50 years, P = 0.032, Fig.
2¢) and this remained as an independent prognostic factor (Ta-
ble 4). While CLDN18.2 positivity was associated with poor
overall survival [75, 76], other studies found no significant
association between CLDN18.2 and overall survival [72, 73,
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77, 78]. In spite of this, clinical trials have investigated the
clinical efficacy of targeting CLDN18.2 with zolbetuximab, an
anti-CLDN18.2 antibody. The results obtained from this study
suggest that CLDN18.2 expression of strong intensity is pre-
sent, and its expression can lead to tumor invasion and poor
overall survival. Further research is warranted to determine the
relationship of CLDN18.2 expression with clinicopathologi-
cal features and overall survival. Moreover, at the cut-off of >
5%, > 10%, and > 20% of tumor cells with positive staining,
32%, 24%, and 17% of cases had co-expression of HER2 with
CLDNI18.2, respectively (Table 2), supporting the need for in-
vestigating the therapeutic application of co-targeting of HER2
and CLDN18.2 in tumors co-expressing these two biomarkers.

In summary, this study provides the first comprehensive
analysis of the co-expression of HER family members (EGFR,
HER2, HER3, HER4, and EGFRvVIII), CD44, CD109, and
CLDNI18.2 in a cohort of 78 stomach adenocarcinoma patients.
Our findings reveal significant associations between specific
co-expression patterns of these biomarkers and overall survival.
Notably, the co-expression of HER2 with EGFRVIII, CD44,
and CD109, as well as the membranous expression of CD109
and high-intensity CLDN18.2 staining, independently predicted
poorer overall survival. These results highlight the importance
of the co-expression and prognostic significance of such bio-
markers in patients with stomach cancer. Furthermore, these bi-
omarker combinations represent potential therapeutic targets for
novel combination therapies. Future studies should investigate
the predictive value and the efficacy of targeted agents against
these specific molecular profiles to improve treatment response
and potentially overcome resistance mechanisms.

Supplementary Material

Suppl 1. Co-expression of HER family members, EGFRVIII,
CD44, and CD109 in stomach cancer tumor samples at differ-
ent cut-off values.
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