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Abstract: Alpha-fetoprotein (AFP)-producing gastric cancer (AFPGC) is a relatively rare type of gastric cancer (GC).
To improve the early diagnosis and treatment of AFPGC, we thoroughly investigated the clinicopathological features
and prognosis of AFPGC. 139 GC patients who had received treatment from January 2013 to March 2016 in Jinan
Central Hospital were included in this study. Blood samples for the pretreatment AFP examinations were collected.
The relationship between the serum AFP and the clinicopathological features and prognosis were analyzed. Among
the 139 GC cases, 16 cases (11.5%) were AFPGC patients. Compared with the AFP-negative (non-AFPGC) group,
the AFPGC patients were prone to have distant metastasis (P=0.029), particularly in the liver, and the abdominal
metastasis accounted for 79.4% (27/34). AFPGC patients’ cancer is clearly prone to occur in the upper third of the
stomach (P=0.008) and among younger (<60 years old) patients (P=0.044). Furthermore, among the young and
middle-aged (<60 years old) patients, there were no significant differences in the serum carcinoembryonic antigen
(CEA), the cancer antigen 19-9 (CA19-9), or the combined (CEA+CA19-9) positive rate between the AFPGC and the
non-AFPGC patients. A Kaplan-Meier survival analysis showed that the median overall survival (mOS) of patients
with AFPGC was significantly less than it was among the non-AFPGC patients (P=0.042). The serum AFP level (<100
ng/mlvs 2100 ng/ml) is a prognostic factor for overall survival in AFPGC patients (P=0.041). In conclusion, the real-
time examination of serum AFP has great diagnostic and prognostic value for managing AFPGC, especially for young
and middle-aged patients.
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Introduction AFPGC is characterized by a high incidence of
metastases to the liver and lymph nodes, and a

Alpha-fetoprotein (AFP) is a glycoprotein pro- poor prognosis [6, 8, 9]. However, there is still

duced and secreted during the prenatal period
by the liver, yolk sac, and gastrointestinal (GI)
tract [1, 2]. In clinical practice, AFP commonly
serves as an important tumor marker for hepa-
tocellular carcinoma (HCC) or yolk sac tumors.
However, some diseases other than HCC and
yolk sac tumors are also associated with high
serum levels of AFP, among which gastric can-
cer is the most common [3, 4]. AFP-producing
gastric cancer (AFPGC) was first described by
Bourreille et al. [5] in 1970, and gastric cancer
with a high level of AFP is termed AFPGC [6].
AFPGC is a relatively rare type of malignancy,
which comprises 2.7-8% of all GCs [7].

no standardized process for the treatment of
patients with AFPGC. Thus, it is necessary and
valuable to pay attention to the clinical observa-
tions of AFPGC. Currently, there are few pub-
lished studies on the clinicopathology or prog-
nosis of AFPGC, and most previous studies are
case reports. Moreover, the main possible
pathway for liver metastasis of gastric cancer is
unclear.

On the basis of the considerations mentioned
above, in this study, we retrospectively review-
ed the clinicopathologic features of AFPGC
patients in the Jinan Central Hospital and inves-
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tigated the prognostic factors. Furthermore, we
suggest that AFPGC is clearly prone to occur in
the upper third of the stomach, in younger (<60
years old) patients, and to have distant metas-
tasis. Meanwhile, in this study, among the
younger patients (<60 years old), there were no
differences in their serum CEA, cancer antigen
19-9 (CA19-9), or their combined (CEA+CA19-9)
positive rates between the AFPGC and non-
AFPGC patients, suggesting that an examina-
tion of the serum CEA, CA199, or the combined
(CEA+CA19-9) in young and middle-aged
patients is not conducive to the early diagnosis
of AFPGC. A survival analysis of the AFPGC
patients showed that the serum AFP level
(<100 ng/ml vs 2100 ng/ml) is a prognostic
factor for overall survival. Finally, we conclude
that a real-time examination of the serum AFP
levels has a great diagnostic and prognostic
value for managing AFPGC, especially for young
and middle-aged patients.

Materials and methods
Patients and data

269 patients with primary gastric adenocarci-
noma were diagnosed and treated in the Jinan
Central Hospital from January 2013 to March
2016. The inclusion criteria were as follows: 1.
Primary diagnosis of GC or at the first treatment
after a diagnosis of GC, aged 20-86; 2.
Determined the pathological tissue through
fiberoptic endoscopy, spiral CT, or other meth-
ods before surgery; 3. The cardiopulmonary
function of the patient is generally normal, the
cardiac function test and ECG results are within
the normal range, and no history of serious car-
diopulmonary disease; 4. No chemoradiothera-
py was performed before the surgery; 5. Have
complete clinical data such as a clear clinical
stage and basic personal information.
Meanwhile, the exclusion criteria were as fol-
lows: 1. Underwent chemoradiotherapy before
the surgery; 2. Poor physical condition; 3. GC is
not the primary lesion; 4. Have multiple diseas-
es, including acute or chronic hepatitis, cirrho-
sis, fatty liver, alcoholic liver, or primary liver
cancer when admitted to the hospital; 5. Have
incomplete clinical data. The serum AFP, CEA,
and CA19-9 levels were determined using
enzyme immunoassays (EIA), and concentra-
tions greater than 10 ng/ml, 6 ng/ml, 37 U/ml
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were considered elevated. According to the
above criteria, a total of 139 patients were
enrolled in the present study, and 16 of these
patients were confirmed to have AFPGC.
Immunohistochemistry was used to further
confirm the positive expression of AFP in the
gastric tissues of the 16 patients. This study
was approved by the Ethical Committee of Jinan
Central Hospital, and a written informed con-
sent was obtained from all the patients.

Among the 139 patients, a curative proximal,
distal, or total gastrectomy with a combined
standardized lymph node dissection was per-
formed according to the Japanese Classification
of Gastric Carcinoma standard. The patients
received follow-up to determine their survival
by telephone or a subsequent consultation with
a cut-off date of December 2017.

The clinicopathological characteristics, includ-
ing age, gender, tumor size, tumor location, his-
tological differentiation, depth of invasion,
serum AFP level, peripheral lymph node inva-
sion, surgical approach, distant metastasis,
clinical stage, and Helicobacter pylori infection
were recorded. The tumors were staged accord-
ing to the seventh edition of the American Joint
Committee on Cancer Tumor Node Metastasis
(TNM) classification [10]. All the pathological
data of the enrolled patients were reviewed
independently by two experienced pathologists
for the histopathological classification.

Immunohistochemistry

The immunohistochemistry involved the use of
biotin-streptavidin-per-oxidase with a Vecta-
stain ABC kit (Vector Laboratories, CA, USA).
Simply put, tissue sections (4 um) were pre-
pared from the paraffin-embedded tissue spec-
imens. The sections were deparaffinized with
xylene followed by dehydration in graded alco-
hol. We heated the sections in a microwave for
2 min at 900 W to retrieve the antigen, and
then incubated them with a 0.3% H,0, solution
in methanol for 30 min to block the endoge-
nous peroxidase. After 3 washes with phos-
phate buffered saline (PBS), the slides were
incubated with 10% normal horse serum to
block the nonspecific background staining,
then they were incubated with primary antibod-
ies rabbit anti-AFP (1:300 dilution, Proteintech,
China) in a humid chamber at 4°C overnight.
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Figure 1. Representative immunohistochemical staining in the AFPGC tissue
and its adjacent tissue (magnification x200). A. Immunostaining for AFP in
AFPGC. B. Immunostaining for AFP in the adjacent tissue.

After a washing with PBS, the sections were
incubated with biotinylated-horse anti-mouse
antibodies for 30 min, washed 3 times with
PBS, and incubated with streptavidin-conjugat-
ed peroxidase for 30 min. We visualized the
sections by incubation with 3,3’-diaminobenzi-
dine solution (0.3% H,0, and 0.05% 3,3’-diami-
nobenzidine) and counterstained them with
hematoxylin. The omission of the primary anti-
body was a negative control. Every run included
a positive control and a negative control. For
the negative control, the primary antibody was
replaced with PBS.

Statistical analysis

The statistical analysis was done using SPSS
20.0 (IBM, Armonk, NY, USA). Chi-squared tests
or Fisher’s exact tests were used to assess the
significant differences in the clinicopathologi-
cal characteristics. The overall survival (0OS)
was measured from the time of the resection
until death or the last follow-up. The clinico-
pathologic factors were analyzed using the
Kaplan-Meier method and compared using log-
rank tests. All the tests were two-sided. A P
value <0.05 was considered statistically sig-
nificant.

Results
General characteristics

Among the 139 GC patients in the study cohort,
103 were male and 36 were female, with a
median age of 65.8 years (range, 24-86 years).
Regarding the surgical treatment, 75 patients
underwent radical or palliative surgery, and 27
patients were transferred or discharged auto-
matically. There were 11 patients who refused
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the surgery, 19 patients who
had no surgical indications for
radiotherapy or chemothera-
py, and 7 patients who under-
went thoracic or abdominal
exploration and endoscopic
ESD. These patients, including
the 16 study patients with
AFPGC, had elevated serum
AFP levels and positive expres-
sions of AFP in their tissues
(Figure 1). The general charac-
teristics are shown in Table 1.

The correlation analysis between the preop-
erative serum AFP positive rate and the clinico-
pathological features

As presented in Table 1, the preoperative
serum AFP positive rate showed no significant
association with gender, tumor size, peripheral
lymph node metastasis, clinical stage, differen-
tiation degree, infiltration degree, surgical me-
thods, or Helicobacter pylori infection between
the AFPGC and non-AFPGC patients. However,
there was a significant correlation between the
serum AFP positive rate and age, tumor sites,
distant metastasis, and clinical stage. In detail,
the positive rate of serum AFP in the <60 years
old patients was significantly higher than it was
in the >60 years old patients (19.1% vs 7.6%,
P=0.044), and the incidence of AFPGC in the
patients <60 years old was higher than it was in
the non-AFPGC patients (56.3% vs 30.9%).
Regarding the tumor locations, the positive rate
of serum AFP in the patients with tumors in the
upper third of the stomach was significantly
higher than it was in the patients with tumorsin
the middle and distal thirds of the stomach
(31.8% vs 10.9% vs 6.2%, P=0.008). Further-
more, the incidence of distant metastasis was
significantly higher in the AFPGC patients than
it was in the non-AFPGC patients (57.1% vs
26.5%), indicating that the serum AFP positive
rate is significantly associated with distant
metastasis (P=0.029). In addition, after we
excluded the patients with incomplete clinical
data, 13 patients with liver metastases or peri-
toneal metastases all had peripheral lymph
node metastasis, so we speculated that the
abdominal and liver metastasis pathways may
occur through the lymph node metastasis.
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Table 1. The clinicopathological features of the AFPGC and non-AFPGC gastric cancer patients
Total AFPGC Non-AFPGC

Characteristics number  number (%) number (%) Chi-square P value
age 4.067 0.044
>60 92 7 (43.75) 85 (69.11)
<60 47 9 (56.25) 38 (30.89)
Total 139 16 (100) 123 (100)
gender 1.692 0.240
female 36 2 (12.50) 34 (27.64)
male 103 14 (87.50) 89 (72.36)
Total 139 16 (100) 123 (100)
Distant metastasis 5.430 0.029
yes 34 8 (57.14) 26 (26.53)
no 78 6 (42.86) 72 (73.47)
Total 112 14 (100) 98 (100)
Clinical stage 7.842 0.125
0 6 0 (0.00) 6 (6.38)
| 13 0 (0.00) 13 (13.83)
Il 17 3(21.43) 14 (14.89)
1l 39 3(21.43) 36 (38.30)
v 33 8 (57.14) 25 (26.60)
Total 108 14 (100) 94 (100)
Surgical approach 4915 0.209
cardiectomy 6 2 (28.57) 4 (5.88)
distal gastrectomy 47 3(42.86) 44 (64.71)
proximal gastrectomy 3 0 (0.00) 3(4.41)
palliative gastrectomy 9 1(14.29) 8 (11.76)
total gastrectomy 10 1(14.29) 9 (13.24)
Total 75 7 (100) 68 (100)
Helicobacter pylori infection 0.061 1.000
positive 9 1(8.33) 8(10.67)
negative 78 11 (91.67) 67 (89.33)
Total 87 12 (100) 75 (100)
Tumor location 10.319 0.008
Upper third of stomach 65 4 (25.00) 61 (52.14)
Middle third of stomach 46 5 (31.25) 41 (35.04)
Distal third of stomach 22 7 (43.75) 15 (12.82)
Total 133 16 (100) 117 (100)
Tumor size 1.312 0.414
<5cm 49 3(42.86) 46 (64.79)
>5cm 29 4 (57.14) 25 (35.21)
Total 78 7 (100) 71 (100)
Lymph node metastasis 0.056 1.000
Yes 57 5 (62.50) 52 (66.67)
No 29 3 (37.50) 26 (33.33)
Total 86 8 (100) 78 (100)
Infiltration depth 1.741 0.705
T1 15 0 (0.00) 15 (20.00)
T2 14 1(16.67) 13 (17.33)
T3 35 3(50.00) 32 (42.67)
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T4 17
Total 81
Differentiation degree

high-grade intraepithelial neoplasia 7

Poorly differentiated 46
Moderately and poorly differentiated 23
Moderately and well differentiated 12
Total 88

2(33.33) 15 (20.00)

6 (100) 75 (100)

1.995 0.565

0 (0.00) 7 (8.64)
3 (42.86) 43 (53.09)
2(28.57) 21 (25.93)
2(28.57) 10 (12.35)

7 (100) 81 (100)

Table 2. Serum CEA and CA19-9 levels in the 47 young and

middle-aged patients

patients. Therefore, it is nec-
essary to explore whether

Tumor marker

AFPGC (n=9) Non-AFPGC (n=38) Chi-square P value

there is a difference in the

serum CEA and CA19-9 posi-

CEA 1.489 0.222 tive rates between the AFPGC
Posmv.e 4 (44.44%) 7 (18.42%) and non-AFPGC patients. As
Negative 5 (55.56%) 31 (81.58%) shown in Table 2, in the 47

CA19-9 0.460 0.498 young and middle-aged pa-
Positive 1(11.11%) 11 (28.95%) tients, there was no signifi-
Negative 8 (88.89%) 27 (71.05%) cant difference in the serum

CEA+CA19-9 2.452 0.117 CEA or CA19-9 levels, and the
Positive 6 (66.67%) 12 (31.58%) combined (CEA+CA19-9) posi-
Negative 3(33.33%) 26 (68.42%) tive rate between the AFPGC

and non-AFPGC patients (P>

0.05). The results may sug-

Survival Funtions gest that an examination of

1o Group the serum CEA and CA19-9
AN levels or their combined

AFPGComnsoed - (CEA+CA19-9) levels in the

o0& young and middle-aged pa-

o tients is not conducive to an

© early diagnosis of AFPGC.

g 0.67 ) )

% Survival analysis

[

Z o4 Although all the patients re-

5 ceived follow-up, 59 patients

(42.4%) were lost to the follow-

0.2 up. As shown in Figure 2, the
Kaplan-Meier survival analy-

ses showed that the median

0.0~ overall survival (mOS) times
3 o - » - - o of the non-AFPGC patents

survival time(month)

Figure 2. Comparison of the overall survival between the AFPGC and non-

AFPGC patients.

Serum CEA and CA19-9 levels in the young
and middle-aged patients

As shown in Table 1, the positive rate of serum

AFP in the <60 years old patients was signifi-
cantly higher than it was in the >60 years old
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were significantly higher than
they were among the AFPGC
patients in the remaining 80
patients (55 months vs 40
months, P=0.042). Further-
more, in this study, four significant different
characteristics including age, tumor location,
serum AFP level, and distant metastasis in the
AFPGC and non-AFPGC groups were selected
for a survival analysis in the AFPGC patients.
The Kaplan-Meier analysis and the log-rank

Int J Clin Exp Pathol 2020;13(9):2439-2446
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Table 3. A survival analysis of the AFPGC patients using the

Kaplan-Meier method

metastasis in the AFP positive
group than in the negative

Median OS time

Characteristics Estimate (month)

Chi-square P value

group. Consistent with previ-
ous reports, AFPGC patients

Tumor location

Not upper third of stomach 46

Upper third of stomach 40
age

<60 40

>60 33
Serum AFP level

<100 ng/ml 51

>100 ng/ml 33
Distant metastasis

Yes 35

No 40

0.490 0.484

2.183 0.140

4.189 0.041

1.297 0.255

are more likely to have distant
metastases, higher rates of
peripheral lymph node metas-
tasis, and advanced stages
compared to the non-AFPGC
patients in our study. These
observations indicated that
AFPGC has a more aggressive
behavior than common GCs.
Liu et al. [13] found that more
than 40% of the AFPGC cases
developed in the antrum of
the stomach, suggesting the

test for the AFPGC patients showed that the
serum AFP level (<100 ng/ml vs 2100 ng/ml)
is a prognostic factor for overall survival
(P=0.041), but age, tumor location and distant
metastasis are not (Table 3).

Discussion

Gastric cancer is the fourth most common can-
cer in the world and the second most common
cancer in China [11, 12]. Among the various
subtypes, AFPGC is recognized as one of the
most aggressive, for it has a high propensity for
liver metastasis and a subsequent poor prog-
nosis compared with other GC subtypes, and its
clinical features and prognosis are rarely
reported.

In the present study AFPGC accounted for
approximately 11.5% of all gastric cancers, a
rate similar to those found in previous studies.
Currently, there is controversy about the abnor-
mal increase of AFP in GC patients. Some schol-
ars believe that this type of tumor is a re-emer-
gence of digestive system embryo development
because the stomach and liver tissue are simi-
lar in their embryonic origin. Another view says
that AFP is produced during the process of pro-
liferation and regeneration of the liver cells
around the liver metastasis sites of GC. Liver
metastasis is a characteristic feature of AFPGC,
occurring in 33%-72% of all AFPGC cases.
Similarly, Liu et al. [13] suggested that there
was a significantly higher incidence of vascular
invasion, lymph node metastasis, and liver
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importance of measuring the
AFP levels in GC at the antrum.
However, He et al. [14] found that 31 cases
(38.75%) had tumors in the upper third of the
stomach among 80 AFPGC patients, but 22
cases (27.5%) had tumors in the distal third.
Moreover, previous reports indicated that most
AFPGC cases were elderly males and their
gross types were mostly Borrmann Il and
Borrmann 1l [14]. However, in this study, the
AFPGC cases were more concentrated in the
younger patient group (<60 years, 56.25%) and
the upper third of the stomach group (43.75%).
Importantly, this study suggests that young
patients and patients with tumors occurring in
the upper third of the stomach need more clini-
cal attention and need to have their r serum
AFP tested. Tumor markers, such as CEA and
CA19-9, have been widely used for the diagno-
sis of different types of cancers, including gas-
tric cancer [15]. Therefore, because it's neces-
sary to evaluate whether CEA and CA19-9 pro-
vide information about the early diagnosis of
AFPGC, we compared the differences in the
CEA and CA19-9 levels and their combined
(CEA+CA19-9) levels between the AFPGC and
the non-AFPGC patients. However, the results
suggested that an examination of the serum
CEA and CA19-9 levels or their combined
(CEA+CA19-9)levelsinyoungand middle-agedpa-
tients are not conducive to an early diagnosis of
AFPGC. Thus, we suppose that an examination
of the preoperative serum AFP could provide
important clinical value in the proper early iden-
tification and treatment of AFPGC for young and
middle-aged patients.

Int J Clin Exp Pathol 2020;13(9):2439-2446



The clinicopathological features and prognosis of AFPGC

There is very limited information on the cellular
or molecular characteristics of AFPGC that
might explain this aggressive behavior. Some
previous studies showed that the integrity of
hepatocyte growth factor (HGF) receptor
(c-Met) and ligand as HGF could regulate cell
proliferation and migration. Amemiya et al. [16]
found that c-Met is over-expressed more fre-
quently in AFPGC than in stage-matched non-
AFPGC. Moreover, the regulation of cancer cells
by the HGF/c-Met system has been found in GC
cell lines [17]. Kaji et al. [18] reported an inhibi-
tion of the growth and migration of the gastric
cancer cell line when treated with an antisense
c-Met oligonucleotide. These results suggest
that the aggressive behavior of AFPGC may be
associated with over-expressed c-Met. In this
study, the main approach to AFPGC liver metas-
tasis and peritoneal metastasis was analyzed
from a clinical perspective, and the results
showed that lymph node metastasis may be
the main pathway.

AFPGC has been considered to have an unfa-
vorable long-term survival rate, mainly due to
the higher incidence of liver metastasis and
lymphovascular invasion [6, 7]. Lew et al. [19]
suggested that the median survival length was
shorter in the AFPGC group than in the non-
AFPGC group (P=0.004). Consistent with previ-
ous reports, our results suggested that the
mOS time was significantly lower in AFPGC
group than in the non-AFPGC group (40 months
vs 55 months, P=0.042). Furthermore, Tatli et
al. [20] indicated that the AFP levels are a bet-
ter indicator than CEA for the early response
and diagnosis to ensure the early start of treat-
ment and patient follow-up. In this study, the
serum AFP level (<100 ng/ml vs 2100 ng/ml)
was found to be a prognostic factor for overall
survival (P=0.041).

There are limitations to our study, as follows.
First, as a single hospital-based design, inevita-
bly, this study might have led to an uncertain
amount of selection bias. Second, this was a
retrospective analysis, and a well-designed
randomized clinical trial should be conducted
to avoid statistical bias in the future. Third, not
all of the patients enrolled in our study were fol-
lowed up due because contact was lost in some
cases.

Conclusions

AFPGC is a rare subtype of GC with a high risk
of distant metastasis and rapid progression. Its
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proper identification and treatment remain a
challenge. In this study, we suggest that the
real-time examination of serum AFP has great
diagnostic and prognostic value for managing
AFPGC, especially with young and middle-aged
patients.
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