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Background: Alpha-fetoprotein-producing gastric cancer (AFPGC) is a subtype of gastric cancer (GC) 
with more aggressive biological behavior. As a highly specific tight junction component exclusively present 
in gastric mucosa and gastric adenocarcinomas, claudin-18.2 (CLDN18.2) has become an emerging target 
in GC. In this study, we aimed to provide insight into AFPGC and investigate the expression and the clinical 
implications of CLDN18.2 in AFPGC.
Methods: We retrospectively collected 98 cases of AFPGC and reviewed their clinical, morphological, 
and immunohistochemical features. Another 356 patients with stage-matched conventional GC (cGC) were 
enrolled as a control group. We further surveyed CLDN18.2 expression by immunohistochemistry (IHC) in 
51 AFPGC tissues and explained its association with the clinicopathological parameters of AFPGC.
Results: Our results showed that AFPGC was a unique GC type with elevated serum alpha-fetoprotein 
(AFP), which was a predictor of a worse prognosis. AFPGC showed typical morphological features and positive 
staining of at least 1 hepatocytic or enteroblastic marker. The expression rate of CLDN18.2 was low, with 
a positivity rate of 21.6%, which was much lower than that observed in cGC tissues (38.5%). A significant 
correlation was found between CLDN18.2 expression and the differentiation of AFPGC. CLDN18.2 
expression was negatively correlated with the serum AFP level of AFPGC. We also found that AFPGC with a 
hepatoid type (HPT) component showed a significantly lower CLDN18.2 expression than those without.
Conclusions: This study demonstrated that CLDN18.2 was significantly decreased in AFPGC and was 
negatively correlated with the patient’s preoperative serum AFP level. The negative correlation between AFP 
and CLDN18.2 could be explained by retro-differentiation of AFPGC. Special treatment strategies might be 
needed for this unique tumor type.
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Introduction

Alpha-fetoprotein (AFP), first identified in the 1950s, is 
an albuminoid superfamily protein that is synthesized in 
the fetus primarily by the liver, yolk sac, and tissues of 
gastrointestinal origin (1,2). Elevated AFP expression in 
adults is often associated with hepatocellular carcinoma 
(HCC) or with yolk sac tumor, and it has been used as an 
important diagnostic tool for the detection of these tumors, 
as well as an early predictor of tumor relapse or metastasis. 
However, some diseases other than HCC and YST are also 
associated with high serum levels of AFP.

AFP-producing gastric cancer (AFPGC), an emerging 
unique subtype of gastric cancer (GC), has been gaining 
increased attention in recent years due to its distinct 
clinicopathological features and significantly worse 
outcomes. AFPGC is defined as “hepatoid adenocarcinoma 
and related entities” by the World Health Organization (3).  
Since the first report of AFPGC by Bourreille et al. in  
1970 (4), other cases have been reported sporadically, and 
the specifics of this disease have gradually been clarified 
(5-8). AFPGC patients were previously reported to show 
a high incidence of liver metastasis and have significantly 
shorter survival than AFP-negative patients (6,7). Generally, 
AFPGC can be divided into 4 histological subtypes 
according to its morphological and immunohistochemical 
features: common adenocarcinoma type (COM), hepatoid 
type (HPT), enteroblastic type (ENT), and yolk sac tumor 
type (YST). However, AFPGC often appears as a mixture 
of more than 1 histological type (5). The elevation of serum 
AFP levels or immunostaining of AFP in tumor cells, as well 
as the immunoreactivity of hepatocytic or oncofetal proteins 
in tumor cells, such as glypican 3 (GPC-3), hepatocyte 
paraffin antigen 1 (HepPar-1), arginase-1 (Arg-1), and spalt 
like transcription factor 4 (SALL4), can help to reach a 
diagnosis. Other molecules, including claudin-6 (CLDN-6),  
cluster of differentiation 24 (CD24), cyclin-dependent 
kinase inhibitor 1 (p21), and MYC proto-oncogene (c-myc), 
have also been reported to play a role in AFPGC (9,10).

Claudins are a family of at least 27 transmembrane 
proteins that play a crucial role in the formation 
of tight junctions. Aberrant claudin expression has 
been implicated in cancer progression (11). Different 
expression of claudins may have prognostic value 
in  co lon  cancer  (CLDN-1)  (12 ) ,  b rea s t  c ancer  
(CLDN-6) (13), prostate cancer (CLDN-8) (14), and 
HCC and thyroid cancer (CLDN-10) (15,16). The 
isoform 2 of the tight junction molecule claudin-18.2 

(CLDN18.2), first described by Niimi et al. (17), is a 
highly specific tight junction component that is confined 
to differentiated and stem gastric epithelial cells, where 
it controls the paracellular permeability to Na+ and H+  
ions (18). As the dominant isoform that exclusively 
present in normal gastric tissue, gastric adenocarcinomas, 
and their metastases, CLDN18.2 has become an ideal 
candidate for monoclonal antibody binding with the 
capability of reduced off-target effects (19). In the FAST 
study, the addition of zolbetuximab, a novel chimeric 
monoclonal immunoglobulin G1 (IgG1) antibody 
highly specific for CLDN18.2, significantly improved 
the prognosis of advanced gastric/gastro-oesophageal 
junction and oesophageal adenocarcinoma patients (20). 
However, the expression of CLDN18.2 in AFPGC and 
possibility as a therapeutic target for AFPGC has not 
been elucidated.

In this study, we retrospectively collected 98 AFPGC 
cases and analyzed the clinicopathological characteristics 
and patient survival. We also investigated CLDN18.2 
expression in AFPGC, focusing on its association with the 
clinicopathological and immunohistochemical parameters 
of this unusual GC subtype. We present the following 
article in accordance with the REMARK reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-462/rc).

Methods

Patient selection

A total of 98 patients with primary AFPGC were 
retrospectively recruited from the routine and consultation 
files of Fudan University Shanghai Cancer Center from 
2010 to 2021. The diagnosis of AFPGC was reached by 
the combination of characteristic morphology (hepatoid 
or enteroblastic differentiation) and immunostaining [AFP 
(serum and IHC), GPC3, Arg-1 and SALL4] as previously 
described (5). Another 356 patients with stage-matched 
conventional GC (cGC) were enrolled as a control group 
from 2010 to 2012. The control group has the similar 
background of age, gender, and location. All available slides 
for each case were reviewed independently by at least two 
expert pathologists to confirm the diagnosis.

Clinicopathological features [including age, gender, 
overall survival (OS) time and status, tumor features, 
and serum AFP level] from all patients were obtained 
from medical records, pathological reports, and personal 
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interviews. All tumors were staged according to the TNM 
classification system of the American Joint Committee on 
Cancer (8th version, 2018).

The patients were followed up every 3–6 months after 
diagnosis until 17 December, 2021. OS was defined as the 
length of time between surgery/biopsy and death of the 
patient or the last follow-up date. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by the Clinical Research 
Ethics Committee of the Fudan University Shanghai 
Cancer Center (No. 050432-4-2108*). Signed informed 
consent was obtained from all patients for the use of their 
tissues in this study.

Serum assays for AFP

For 71 hospitalized patients, blood samples were obtained 
from all patients within 1 week before the surgery. The 
serum AFP levels were measured as previously described (21). 
The cutoff value for serum AFP was 10.00 ng/mL.

Immunohistochemistry (IHC)

IHC staining was carried out on freshly cut 3–5 μm-thick 
paraffin sections using a Ventana automation system as 
previously described (Ventana Medical Systems, Tucson, 
AZ, USA) (21).

The antibodies used were as follows: GPC-3 (clone 
1G12, prediluted; Maixin, Fuzhou, China), SALL-
4 (clone 6E3, 1:100; Biocare, Pacheco, CA, USA), Arg-
1 (monoclonal, 1:6,000; Sigma-Aldrich, St. Louis, MO, 
USA), HepPar-1 (clone OCH1E5, 1:100, Maixin), ERBB2 
(HER2; Clone 4B5, prediluted; Ventana), and CLDN18.2 
(monoclonal; 43-14A, prediluted; Ventana).

Microsatellite instability was assessed using IHC 
staining for mismatch repair (MMR) proteins, including 
MLH1 (clone M1, prediluted; Ventana), PMS2 (clone 
A16-4, prediluted; Ventana), MSH2 (clone G2-19-1129, 
prediluted; Ventana), and MSH6 (clone SP93, prediluted; 
Ventana). Loss of expression of any of the MMR proteins 
was considered to have occurred when there was no 
corresponding IHC staining in the nuclei in tumor cells, 
whereas adjacent normal colonic mucosa and/or stromal 
cells had nuclear staining by contrast.

Scoring CLDN18.2 staining

The expression of CLDN18.2 was evaluated using a H-score 

system according to 2 components: the intensity of staining 
and the percentage of tumor cells stained at different 
intensities. The intensity of the staining was classified as 
0 (no stained cells), 1+ (weak membrane expression), 2+ 
(moderate membrane expression), and 3+ (strong membrane 
expression). The H-score was calculated by adding the 
multiplication of the different staining intensities in 4 
gradations with each percentage of positive cells (22).

CLDN18.2 positivity was defined as moderate (2+) 
or strong (3+) CLDN18.2 staining in at least 40% of 
the tumor cells, while the remainder were defined as 
CLDN18.2 negative tumors (20).

Statistical analysis

All analyses were performed using SPSS 22.0 (IBM 
Corp., Armonk, NY, USA). GraphPad Prism 7.0 software 
(GraphPad Software Inc., San Diego, CA, USA) was 
used for scientific graphing. A Student’s t-test or a one-
way analysis of variance (ANOVA) was applied to evaluate 
the differences of CLDN18.2 expression between two or 
multiple groups. Comparisons between serum AFP level 
and clinicopathological features (including age, gender, 
position, tumor size, differentiation, and stages), as well as 
the positive rate of CLDN18.2 were determined by chi-
square test or Fisher’s exact test, as appropriate. Survival 
of AFPGC and cGC was calculated using the Kaplan-
Meier method, with P values generated by the log-rank 
test to compare the cumulative incidences among different 
groups. A two-sided P values less than 0.05 were considered 
significant.

Results

Clinicopathological characteristics

The clinicopathological characteristics of the 98 AFPGC 
patients are summarized in Table 1. The cohort included 88 
surgical excisions and 10 endoscopic biopsies. There were 
78 males (79.6%) and 20 females (20.4%; male to female 
ratio =3.9:1). The median age of the patient cohort was 
65 years, ranging from 22 to 82 years. The majority of the 
patients (59/71, 83.1%) showed elevated serum AFP level 
ranging from 24.14 to ≥3,630 ng/mL (median, 292 ng/mL; 
97.78±1,308.39 ng/mL).

The tumors were relatively evenly distributed in the 
stomach, with 36 (40.4%) occurring in the antrum, 24 
(27.0%) in the body, and 29 (32.6%) in the fundus and 
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Table 1 Clinicopathological features of AFPGC (n=98)

Features N

Age (years), median [range] 65 [22–82]

<60 33

≥60 65

Gender

Male 78

Female 20

Position

Upper 29

Middle 24

Low 36

Tumor size (cm)

<5 41

≥5 31

Differentiation

Moderate 8

Poor 80

T stage

1 7

2 23

3 33

4 25

N stage

0 19

1 31

2 25

3 13

Distant metastasis

0 57

1# 18

2## 4

TNM stage

I 18

II 34

III 26

IV 11

AFP-serum

<10 12

≥10 59
#, synchronous distant metastases; ##, metachronous distant 
metastases. AFPGC, alpha-fetoprotein-producing gastric 
cancer; TNM, tumor node metastasis; AFP, alpha-fetoprotein.

cardia. Among all the 88 surgical specimens, 8 cases (9.1%) 
showed moderate differentiation, 80 cases (90.9%) showed 
poor differentiation, and none of the cases showed good 
differentiation. The invasion depth of 7 tumors (8.0%) 
was limited to the mucosa or submucosa (T1), while  
81 cases (92.0%) invaded deeper than the submucosa  
(T2–T4). Lymph node metastasis was observed in  
69 patients (78.4%). Synchronous distant metastases were 
observed in 18 patients, including 16 liver metastases and  
2 multi-organ metastases, while another 4 patients 
developed metachronous metastases during the follow-up.

The clinicopathological features of the stage-matched 
control group are summarized in Table S1.

Pathological findings

The tumor morphology was classified into 4 patterns 
according to the description of Kinjo et al. (5). The COM, 
HPT, and ENT types were commonly seen in most of the 
cases (Figure 1A-1C). Transition between different subtypes 
were frequently seen. We didn’t find any tumors showing 
a typical appearance of the YST type, although 1 of the 
consultation cases was formerly misdiagnosed as a yolk sac 
tumor.

For IHC staining, nearly all the cases showed positive 
staining of at least 1 hepatocytic marker. Sixty-three of  
74 cases (85.1%) showed variable GPC-3 expression, 
HepPar-1 was positive in 44 of 69 cases (63.8%), Arg-
1 was positive in 22 of 60 cases (36.7%), focal AFP 
immunoreactivity was found in 46 of 52 cases (88.4%), 
and the ENT marker SALL4 was positive in 59 of 66 cases 
(89.4%; Figure 1D-1H). Immunoreactivity of at least 1 of 
the neuroendocrine markers (chromogranin A, CD56, and 
synaptophysin) was found in 19 of 50 cases (38%).

Microsatellite stability (MSS) status was detected in  
52 patients, and all patients were confirmed as MSS by 
IHC. Human epidermal growth factor receptor 2 (HER2) 
was found to be positive (3+) in only 3 out of 81 patients 
(3.7%) and equivocal (2+) in 10 patients (12.3%), which was 
lower than previously reported for AFPGC.

Follow-up

Survival data of 85 patients were available for analysis. The 
final follow-up date was 17 Dec, 2021. As of the final follow-
up, 19 patients had experienced disease-related death. The 
follow-up period of the AFPGC patients ranged from 1 
to 129 months, and the median follow-up period was 16 

https://cdn.amegroups.cn/static/public/JGO-22-462-Supplementary.pdf
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Figure 1 Hematoxylin and eosin staining and IHC staining of AFPGC. (A) COM type; (B) HPT type; (C) ENT type; (D) immunostaining 
of AFP; (E) immunostaining of Arg-1; (F) immunostaining of GPC-3; (G) immunostaining of HepPar-1; (H) immunostaining of 
SALL4. 20×. IHC, immunohistochemistry; AFPGC, alpha-fetoprotein-producing gastric cancer; COM, common; HPT, hepatoid; ENT, 
enteroblastic; AFP, alpha-fetoprotein; Arg-1, arginase-1; GPC-3, glypican 3; HepPar-1, hepatocyte paraffin antigen 1; SALL4, spalt like 
transcription factor 4.

(23.55±24.97) months. By dividing these patients into two 
groups according to the median value of preoperative serum 
AFP levels, we found that patients with a preoperative serum 
AFP level of ≥292 ng/mL showed significantly worse OS 
than the AFP-lower group (P=0.046; Figure 2A).

When compared with the stage-matched control group, 
the AFPGC patients exhibited a relatively poorer prognosis 

than the cGC patients, as was previously described (P=0.010; 
Figure 2B).

Notably, AFPGC patients with higher AFP levels were 
very prone to developing lymph node metastasis (P=0.024) 
and always showed a later TNM stage, which resulted in 
a poorer prognosis (P=0.020). However, no significant 
correlation was found between serum AFP level and patient 
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Figure 2 Kaplan-Meier survival curves of AFPGCs. (A) AFPGCs with elevated serum AFP level showed significantly shorter OS time; (B) 
prognosis of AFPGC was much worse than that of cGC. AFP, alpha-fetoprotein; OS, overall survival; cGC, conventional gastric cancer; 
AFPGC, alpha-fetoprotein-producing gastric cancer.

age, gender, tumor position, tumor size, differentiation, 
invasion depth, or distant metastasis (Table 2).

CLDN18.2 expression in AFPGC

CLDN18.2 staining was studied using whole tissue sections. 
A total of 51 AFPGC and 365 cGC samples were analyzed 
for CLDN18.2 expression. The overall expression rate of 
CLDN18.2 in AFPGC was low: 13 AFPGC tissues were 
completely devoid of any CLDN18.2 expression (25.5%). 
Of the positive AFPGC tissues, 27 cases showed a maximum 
of CLDN18.2 IHC 2+ or 3+ in no more than 30% of tumor 
cells (52.9%) (Figure S1). Only 11 cases (21.6%) were 
defined as CLDN18.2 positive according to the criteria 
described by Sahin et al. (20), which was much lower than 
the rate observed in cGC (38.5%; Figure 3A) (χ2=5.515; 
P=0.019). Among all clinicopathological parameters, tumor 
differentiation was the only factor that was significantly 
related to CLDN18.2 positivity (Table 3). There was no 
significant correlation between CLDN18.2 expression and 
the OS of the patients (Figure S2).

We divided the patients into three groups according 
to their serum AFP level (AFP normal, AFP low, and 
AFP high). Interestingly, we found that the expression of 
CLDN18.2 was significantly lower in patients with higher 
serum AFP levels (P=0.007; Figure 3B), suggesting that 
CLDN18.2 expression might be negatively correlated with 
the patient’s preoperative serum AFP level. We also found 
that CLDN18.2 tended to be expressed at a higher level in 
the HPT and COM areas than in HPT areas (Figure 3C-3F).  
The expression level of CLDN18.2 was significantly lower 
in AFPGC tissues with HPT components than those 
without (P=0.029; Figure 3G).

Discussion

The incidence rate of AFPGC has been reported to be 
0.3–2% or 2.6–5.4% in different countries (23-25). Due 
to its unique clinicopathological features and significantly 
worse outcomes, AFPGC is attracting increasing attention. 
In this study, we analyzed 98 cases of AFPGC. We found 
some similar clinical and pathological features as previously 
described, such as (I) elevated serum AFP levels; (II) 
poor differentiation in most cases; (III) advanced TNM 
stage at first diagnosis; (IV) high likelihood of developing 
synchronous and metachronous distant metastasis; and (V) 
significantly worse prognosis, especially in patients with 
higher AFP levels. These findings suggest that AFPGC 
might have more aggressive biological behavior than cGC 
and should be recognized and managed accordingly.

Histologically, AFPGC is divisible into four main 
morphological subtypes: COM, ENT, HPT, and YST. 
Mixtures of different subtypes are frequently observed in 
clinical practice. It has been reported that many cases of 
AFPGC develop as COM or ENT in the mucosa, which 
differentiate into ENT and HPT during the process 
of tumor invasion and proliferation, acquiring AFP 
production ability (5). The YST type is rarely reported. In 
our case series, 1 consultation patient had been previously 
misdiagnosed with a YST that turned out to be an HPT-
type AFPGC. The tumor showed a solid growth pattern 
composed of large polygonal eosinophilic hepatocyte-
like neoplastic cells, which was histologically similar to a 
solid pattern yolk sac tumor. However, the existence of 
the intraepithelial neoplasia lesion in the peritumoral area 
and immunostaining of pan-cytokeratin and hepatocytic 
markers suggested that the tumor was more likely to be a 

https://cdn.amegroups.cn/static/public/JGO-22-462-Supplementary.pdf
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primary AFPGC.
Clues pointing to the possibility of AFPGC include the 

following: (I) a HPT or ENT appearance of the tumor; 
(II) elevated preoperative serum AFP level; and (III) 
immunoreactivity of at least 1 hepatocytic or ENT marker. 
As an oncofetal glycoprotein rarely expressed in normal 
tissues, significant AFP synthesis signals a certain degree of 
retrodifferentiation (reversal of ontogeny) and a potential 
stemness (26,27), which may result in more aggressive 
behavior and lead to a poor prognosis. Serum AFP level is 
not only as a diagnostic and prognostic marker for AFPGC 
but can also be used as an indicator for therapeutic effect 
evaluation as well as a monitor of tumor progression. In our 
study, a majority of the patients showed elevated serum AFP 
levels prior to tumor resection and decreased remarkable 
after radical surgeries. Patients with higher serum AFP 
levels exhibited significantly worse clinical outcomes. A 
higher serum AFP level (≥292 ng/mL) was correlated with 
more lymph node metastases and a later TNM stage, and 
the postoperative elevation of serum AFP strongly indicated 
residual tumor, metastasis, or relapse. These results were 
consistent with other investigations.

We found neuroendocrine marker positivity in 38% of 
the patients. The combination of the strong reactivity of 
neuroendocrine markers, a high marker of proliferation 
Ki67 (Ki67) rate, and solid and organoid growth patterns 
could easily lead to the misdiagnosis of neuroendocrine 
tumors. It is also a difficult challenge for pathologists to 
distinguish AFPGC (particularly the HPT type) from 
HCC, especially when the tumors are first found outside 
the stomach. Correct categorization of the tumors should 
be made based on morphology, immunocytochemistry, and 
adequate history-taking. Immunoreactivity of hepatocyte-
specific markers such as GPC-3, HepPar-1, and Arg-1 could 
be helpful for discriminating AFPGC from neuroendocrine 
tumors, while positive expression of caudal type homeobox 
2 (CDX2) and SALL4, as well as a previous history of 
gastric tumor, would warrant the diagnosis of metastatic 
AFPGC. Moreover, abnormal expression of CLDN18.2, 
an emerging novel marker uniquely expressed in gastric 
epithelial cells and more likely to be found in GC (28), may 
also be helpful for the diagnosis of a small proportion of 
patients and the screening of potential patients who would 
benefit from the target therapy.

As a highly selective gastric lineage antigen, CLDN18.2 
staining was observed at different intensities in 74% of 
the AFPGC cases in our study. But only 20% of these 
cases were defined as positive, which was much lower 

Table 2 Correlation between serum AFP level and clinicopathological 
parameters

Parameters
Serum AFP level, n

P value
<292 ≥292

Age (years) 0.864

<60 11 12

≥60 24 24

Gender 0.387

Male 30 28

Female 5 8

Position 0.278

Upper 12 12

Middle 13 8

Low 10 16

Tumor size (cm) 0.323

<5 20 16

≥5 13 17

Differentiation 0.632

Moderate 4 3

Poorly 30 33

T stage 0.210

1 5 1

2 10 7

3 12 15

4 6 10

N stage 0.024*

0 11 2

1 12 12

2 8 13

3 2 6

Distant metastasis 0.550

0 29 27

1 6 8

TNM stage 0.020*

I 12 2

II 10 14

III 6 12

IV 5 5

*, P<0.05. AFP, alpha-fetoprotein; TNM, tumor node metastasis.
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Figure 3 Expression of CLDN18.2 in AFPGCs. (A) The expression of CLDN18.2 was significantly lower in AFPGC than in cGC; (B) 
the expression of CLDN18.2 was negatively correlated with a patient’s serum AFP levels; (C,D) hematoxylin and eosin staining and IHC 
staining showing the expression of CLDN18.2 in the COM type compared with the HPT type (10× magnification); (E,F) hematoxylin and 
eosin staining and IHC staining showing the expression of CLDN18.2 in the ENT type compared with the HPT type (4× magnification); 
(G) the expression of CLDN18.2 was lower in AFPGCs with a HPT component. CLDN18.2, claudin-18.2; AFPGC, alpha-fetoprotein-
producing gastric cancer; cGC, conventional gastric cancer; AFP, alpha-fetoprotein; HPT, hepatoid; IHC, immunohistochemistry; COM, 
common; ENT, enteroblastic.

than the rate observed in cGC. CLDN18.2 positivity 
was significantly correlated with the differentiation of 
AFPGC. Tumors with elevated serum AFP levels showed 
significantly lower CLDN18.2 expression, which suggested 
that CLDN18.2 might be negatively correlated with a 
patient’s serum AFP levels. We also found that AFPGCs 
with an HPT component showed significantly less 
CLDN18.2 expression than those without, in accordance 

with the tendency that tumor areas with ENT and COM 
morphology show more CLDN18.2 expression than those 
with HPT morphology. The reason for this may be that 
the tumor cells lost gastric epithelial differentiation during 
the retro-differentiation progression, since the HPT type is 
regarded as a more invasive subtype compared to the COM 
and ENT types (5). More studies should be carried out to 
confirm this phenomenon.
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Table 3 Correlation between CLDN18.2 and clinicopathological 
parameters

Parameters
CLDN18.2, n

P value
Negative Positive

Age (years), median [range] 65 [36–82] 0.964

<60 12 3

≥60 29 7

Gender 0.128

Male 33 10

Female 8 0

Position 0.767

Upper 14 4

Middle 13 2

Low 14 4

Tumor size (cm) 0.942

<5 20 5

≥5 19 5

Differentiation 0.046*

Moderate 3 3

Poorly 38 7

T stage 0.142

1 2 2

2 9 2

3 21 2

4 8 4

N stage 0.705

0 8 2

1 13 5

2 15 2

3 4 1

Metastasis 0.581

0 34 9

1 7 1

TNM stage 0.785

I 7 3

II 15 4

III 12 2

IV 6 1

*, P<0.05. CLDN18.2, claudin-18.2; TNM, tumor node metastasis.

There are no established treatment guidelines for 
AFPGC. Treatment of AFPGC usually follows that 
of cGC, with radical surgery regarded as the first-line 
approach, followed by adjuvant chemotherapy or targeted 
therapy if needed [such as S-1-based chemotherapies (29) 
or apatinib combined with other drugs (30)]. Trastuzumab 
has been confirmed as an additional useful therapeutic 
standard option for patients with HER2-positive advanced 
GCs and in aggressive variants of adenocarcinomas such 
as HER2-positive AFPGCs (31). Previous studies have 
reported that HER2 is overexpressed in 21.8–42.86% of 
AFPGCs (8,31,32). However, in our case, the amplification 
rate of HER2 was much lower. Through IHC staining, 
HER2 was found to be positive (3+) in only 3 cases and 
equivocal (2+) in 10 cases; the remainder of the cases were 
all HER2-negative (67, 83.75%). The fact that HER2 was 
not always routinely detected in AFPGC could have led to 
underestimated positive rates. Intratumoral heterogeneity 
of the tumor might also be a possible cause for this result.

As a highly selective gastric-lineage marker expressed in 
differentiated cells of the gastric mucosa, CLDN18.2 has 
become an emerging therapeutic target for GC (20,33). 
Zolbetuximab (IMAB362) is a novel chimeric IgG1 
experimental antibody that binds CLDN18.2 on the tumor 
cell surface and induces immune effectors that activate 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
and complement-dependent cytotoxicity (CDC) (11).  
In the FAST study, the addition of zolbetuximab to 
epirubicin, oxaliplatin, and capecitabine (EOX) significantly 
improved progression-free survival and OS for patients with 
advanced CLDN18.2-positive gastric and gastroesophageal 
adenocarcinoma (20). However, in the patients with 
AFPGC, CLDN18.2 positivity (>40% of tumor cells with 
2+ or 3+ staining intensity) was found in only 20% of the 
cases, which was significantly lower than the rate in the 
cGC cases. Thus, the enhanced efficacy from zolbetuximab 
might be limited to this small proportion of patients, adding 
more challenges to the treatment of AFPGCs.

Conclusions

AFPGC is a subtype of GC with distinct clinicopathological 
features and more aggressive biological behavior. This 
study found that CLDN18.2 expression was significantly 
decreased in AFPGC and was negatively correlated with 
the preoperative serum AFP level of the patients. The 
negative correlation between AFP and CLDN18.2 could 
be explained by retrodifferentiation of AFPGC. Decreased 
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CLDN18.2 expression make it even more difficult to 
manage this malignancy. Therefore, special treatment 
strategies might be needed for this unique tumor type.
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Table S1 Clinicopathological features of stage-matched cGC 
(n=356)

Features N

Age (years), median [range] 59 [21–84]

Age (years)

<60 179

≥60 177

Gender

Male 242

Female 114

Position

Upper 93

Middle 124

Low 126

Diffused 13

Tumor size (cm)

<5 248

≥5 108

Differentiation

Moderate-well 40

Poor-undifferentiated 316

T stage

1 84

2 67

3 66

4 139

N stage

0 179

1 77

2 51

3 49

Metastasis

0 344

1 12

TNM stage

I 111

II 138

III 95

IV 12

cGC, conventional gastric cancer; TNM, tumor node metastasis.
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Figure S1 CLDN18 scoring

Figure S2 . Kaplan–Meier survival curves

Figure S1 IHC staining of CLDN18.2. CLDN18.2, claudin-18.2; IHC, immunohistochemistry.

Figure S2 No significant correlation was found between 
CLDN18.2 expression and OS of AFPGCs. OS, overall survival; 
CLDN18.2, claudin-18.2; AFPGC, alpha-fetoprotein-producing 
gastric cancer.


