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Individualized therapy based on the combination
of mini-PDX and NGS for a patient with metastatic
AFP-producing and HER-2 amplified gastric cancer
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Abstract. Mini-patient-derived xenograft (mini-PDX) is a
novel, rapid and accurate method used to assess in vivo drug
susceptibility. In the present study, a mini-PDX combined
with next-generation sequencing (NGS) was used to guide
the individualized treatment of a patient with metastatic
a-fetoprotein-producing and human epidermal growth factor
receptor 2 (HER-2) amplified gastric cancer (GC). Tumor
cells were isolated from the tumor tissue obtained from
gastroscopic biopsy, transferred into capsules and implanted
into severe combined immunodeficiency mice to determine
their sensitivity to various drug regimens. NGS was also
performed to assess the mutation spectrum of the cells. The
results were analyzed to select the most appropriate treatment
regimen for the patient. The mini-PDX model confirmed that
the patient's tumor was sensitive to a combination regimen of
irinotecan and tegafur-gimeracil-oteracil (S-1). Fluorescence
in situ hybridization assay of the tumor tissue confirmed
HER-2 amplification. The NGS results indicated ERBB2
amplification, and tumor protein P53 [c.659A>G (p.Y220C)],
ataxia-telengiectasia mutated [c.125A>G (p.H42R)] and
MutS homolog 6 [c.3254C(8>7) (p.F1088Sfs*2)] mutation,
in which UGT1A1*28, TA6/7 (rs8175347) was a mutant
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heterozygote. After six courses of treatment with a regimen
comprising 300 mg irinotecan on day 1 + 40 mg S-1 twice
daily on days 2-15 + 350 mg trastuzumab once-every 3 weeks,
the patient continued with S-1 treatment for 4 courses and
trastuzumab for 1 year. The patient retained progression-free
survival status at the 32-month follow-up. Thus, the mini-PDX
model combined with the NGS rapidly assessed drug sensi-
tivity in a patient with GC and revealed key genetic mutations.
However, the proposed technique requires further research to
confirm its potential in the individualized treatment of patients
with refractory malignancies.

Introduction

Gastric cancer (GC) is a major health threat, with the highest
morbidity and mortality rates among malignant tumors of the
digestive system (1). GC has a strong heterogeneity in terms of
biological characteristics, primary tumor sites, pathogenesis,
pathological types and molecular types, which may result in
varying biological behaviors and prognoses, making it chal-
lenging to treat. a-fetoprotein (AFP)-producing GC (AFPGC)
is aspecial and rare type of GC with an incidence of 1.3-15% (2).
Due to the rapid progression of AFPGC and its high rate of
liver metastasis, some patients with AFPGC are inoperable at
the time of diagnosis. Furthermore, those who undergo radical
surgical resection are more likely to experience postoperative
recurrence and metastasis, and chemotherapy is less effective
for AFPGC than for gastric adenocarcinoma (3).

The standard first-line treatment for advanced or recur-
rent GC is chemotherapy combined with immunotherapy. For
cases with human epidermal growth factor receptor-2 (HER-2)
amplification, the use of trastuzumab in combination with a
molecular targeted drug is recommended. The chemotherapy
regimen is commonly a combination of two or three fluo-
rouracil- and platinum-based drugs (4,5). The second- and
third-line treatments mainly include single-drug therapies
with a low efficacy. At present, there is no universal standard
treatment regimen. As a result, the selection of drugs may be
quite random. Although an experimental treatment plan can be
applied, it may delay the treatment process and thus worsen the
patients' quality of life. There is currently no efficient method
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for the assessment of a cancer patient's sensitivity to chemo-
therapeutic drugs. Therefore, the accurate selection of medical
treatment, particularly mediated via effective drug-screening
models, is urgently necessary to improve adjuvant treatment
or second-line therapy.

Patient-derived xenografts (PDXs) can be used for the
pre-evaluation of therapeutic outcomes (6). In contrast to cell
line-derived tumor models, PDX models retain the genetic
characteristics of the human tumor specimens from which
they were derived (7). PDX models are generated by the
implantation of fresh human tumor tissues into immunodefi-
cient mice, to reduce rejection of the tumor cells by the mouse.
PDX models can effectively simulate the treatment response
of the parent tumors and provide information that may aid the
selection of therapeutic targets and protocols (8,9). To date,
the application of traditional PDX models in individualized
treatment has failed due to the low success rate and lengthy
implantation period of the models. PDX modeling is also
expensive, technically cumbersome and requires a large
amount of tumor tissue (10). Mini-PDX is a drug sensitivity
test model that maintains the oncogenicity of a patients' tumor
cells, in which cells from human tumor tissues are injected
into immunocompromised mice within special capsules to
create tumor xenografts; this is a promising model accompa-
nied by reduced complexity and faster turnaround compared
with traditional PDX models.

The present study aimed to evaluate the application of the
mini-PDX model combined with genetic analysis of tissue
samples to guide the individualized treatment of a patient with
metastatic AFPGC and HER-2-positive GC.

Materials and methods

Patient and ethics. A T4-year-old male patient with gastric
cancer was included in the study. The patient underwent
gastroscopy at Wuxi Hospital Affiliated to Nanjing University
of Chinese Medicine (Wuxi, China) on December 17, 2018.
The study protocol was approved by the Institutional Review
Board of Wuxi Hospital of Traditional Chinese Medicine
(approval no. 201809001J01-01) and the Institutional Animal
Care and Use Committee (IACUC) of Shanghai LIDE Biotech
Co., Ltd. (approval no. LDIACUCO007).

Histopathological examination. A portion of the tumor tissue
was detached and fixed by immersion in 10% neutral buff-
ered formalin solution (pH 7.4) for 12 h at 24°C. The portion
was then cut transversely, paraffin embedded and arranged
as 3-um sections, which were stained with hematoxylin and
eosin (H&E) for 20 min at 24°C for the microscopic assess-
ment of tumor tissue. The tissues were examined under a light
microscope in a random order.

Immunohistochemistry. Tumor tissues were fixed with 4%
paraformaldehyde for 24 h at 24°C, and the fixed tissues were
dehydrated and embedded in paraffin. Later, 4-ym sections
of the paraffin-embedded tissues were prepared. Endogenous
peroxidase activity was blocked by incubating the tissues at
25°C with 0.6% H,0, in methanol for 20 min. Sections were
subsequently blocked with 10% normal horse serum (Wuhan
Boster Biological Technology, Ltd.) for 5 min at 25°C. Next,

the sections were incubated at 4°C overnight with AFP anti-
body (1:50; cat. no. ab130748; Abcam). The slides were then
incubated with the secondary antibody Goat Anti-Rabbit
IgG (1:2,000; cat. no. ab205718; Abcam) for 30 min at room
temperature. Subsequently, DAB chromogen (cat. no. ab64238;
Abcam) was added to the tissue and incubated for 1-10 min,
depending on the desired stain intensity. The sections were
rinsed four times in PBS and were subsequently stained with
hematoxylin and hydrochloric acid alcohol for 20 min at 24°C,
followed by washing with tap water for 10 min. After dehydra-
tion and transparency, the tissue sections were analyzed under
a bright-field Olympus BX-40 light microscope (Olympus
Corporation). The classification of nuclear AFP expression
was assessed using the following scores: Unstained, 0; <25%
positive cells, 1+; 25-50% positive cells, 2+; 50-75% positive
cells, 3+; and >75% positive cells, 4+.

Fluorescence in situ hybridization (FISH). A PathVysion
HER-2 DNA probe kit was purchased from Vysis Inc. (Abbott
Molecular, Inc.). A fluorescence microscope (Bx51; Olympus
Corporation) was used to view the FISH staining. The
HER-2/neu gene FISH test was performed on the tumor tissue
according to the instructions and requirements of the kit.

Mini-PDX assay. A Mini-PDX assay was carried out using
the OncoVee MiniPDX® kit (LIDE Biotech Co., Ltd.) in the
joint animal laboratory of Wuxi Hospital and Shanghai LIDE
Biotech Co.,Ltd. under the guidance of aresearcher from LIDE.
Briefly, the tumor from the patient's gastroesophageal junction
was harvested and washed with Hanks' balanced salt solution
(HBSS) to remove non-tumor and necrotic tumor tissue. The
tumor tissues were minced and incubated with collagenase at
37°C for 1-2 h. After this, the tumor cells were incubated with
human anti-CD45 microbeads (cat. no. 130-045-80, Miltenyi
Biotec, Inc.) and human anti-fibroblast microbeads (cat.
no. 130-050-601; Miltenyi Biotec, Inc.) at 4°C for 30 min in the
dark, at a final fixed volume of 220 pl, including 20 ul beads,
10° cells and buffer (PBS and 1% FBS). Subsequently, tumor
cell suspensions without blood cells or fibroblasts were eluted
with 1 ml buffer and collected. The remaining cell suspension
was transferred to HBSS-washed capsules made of hollow fiber
membranes with a pore size allowing the passage of <500-kDa
molecules; eventually each capsule contained 2,000 cells. A
fiber system delivered media to the cells in a manner similar
to the delivery of blood through capillary networks in vivo.
A total of 8 female severe combined immunodeficiency mice
(6-8 weeks old) with average weight of ~24 g (range, 22-28 g)
were housed and monitored under specific-pathogen-free
conditions. The housing conditions comprised a temperature of
20-26°C, humidity of 40-70% and a 12-h light/dark cycle (11).
Throughout the experiment, all mice were able to eat and
drink freely; feed and water were autoclaved and replaced
twice a week. For subcutaneous implantation, the capsule was
inserted through the subcutaneous tissue via a special needle
without any anesthesia being necessary. One day after implan-
tation of the tumor cell-containing capsule, the tumor-bearing
mice were randomized to the following groups: Vehicle;
docetaxel + S-1; capecitabine + oxaliplatin; and irinotecan +
S-1. S-1 is tegafur-gimeracil-oteracil, also known as tegio. The
treatment regimens were as follows: 20 mg/kg docetaxel
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intraperitoneally (ip) every fourth day x2 (Q4D*2) + 10 mg/kg
S-1 ip every day for 5 days (QD*5); 400 mg/kg capecitabine
orally (po) every day for 7 days + 5 mg/kg oxaliplatin ip once
weekly; and 50 mg/kg irinotecan ip Q4D*2 + 5 mg/kg S-1 po
QD*5 (12). Each mouse received 6 capsules at the same time
and each regimen was tested in two mice. The final results were
calculated as the average of six repeated trials. The relative
change in body weight (RCBW) was calculated each day as
follows: RCBW=(BWi-BW0)/BW0 x100%, where BWi is the
average weight on day i during drug administration and BWO
is the average weight at the first administration. After 7 days,
the tumor cell-containing capsules were removed. After the
experiment, the mice were euthanized via CO, inhalation in
a euthanasia chamber (50% chamber replacement rate/min)
followed by cervical dislocation, or by the administration
of 0.1% ketamine sodium (100 mg/kg, intraperitoneal injec-
tion) (13) followed by cervical dislocation.

The viability of the cells was evaluated using a
CellTiter-Glo® Luminescent Cell Viability Assay kit (G7571;
Promega Corporation), following the manufacture's protocol.
The tumor cell proliferation rate relative to that of the control
group after the 7-day treatment was calculated using the
following equation: Relative proliferation rate=T/C x100%,
where T and C are the cell viability values for the treatment
and control group, respectively. A lower relative proliferation
rate indicated a higher inhibitory effect of the drugs on the
tumor cells.

Next-generation sequencing (NGS). DNA was extracted
from formalin-fixed, paraffin-embedded (FFPE) tumor
tissue samples using the QIAamp DNA FFPE Tissue kit
(Qiagen GmbH). In addition, 3 ml peripheral blood from
the patient was collected in an EDTA Vacutainer tube (BD
Diagnostics) and processed within 4 h. Peripheral blood
lymphocytes (PBLs) were separated by centrifugation
at 1,600 x g for 10 min at room temperature and used for
the extraction of germline genomic DNA, which served as
the reference for germline variation and single nucleotide
polymorphism identification. The DNA concentration in
the PBLs and tissues was measured using a Qubit™ Flex
kit and the Qubit DNA Assay kit (both Invitrogen; Thermo
Fisher Scientific, Inc.). DNA sequencing was carried out
using 2x75-bp scanned-end reads on an Illumina HiSeq
3000 system (Illumina, Inc.) and the KAPA DNA Library
Preparation kit (cat. no. KK8234; Kapa Biosystems; Roche
Diagnostics); the loading concentration was 40.02 ng/ul
DNA sequencing was applied to a panel of 73 cancer-related
genes in gastric adenocarcinoma. Targeted gene sequencing
was performed in the tumor and paired PBLs with an
average sequencing depth of 3850X and 431X, respectively.
More than 99% of the readings were mapped to areas
where the tumor and matched PBL samples were targeted.
Sequencing data were analyzed using software at default
parameters. Adaptor sequences and low-quality reads were
removed. The clean reads were aligned to the reference
human genome (hgl9) using Burrows-Wheeler Aligner
(version 0.7.12-r1039) (14). Realignment and recalibration
were performed using Genome Analysis Toolkit (version
3.4-46-gbc02625) (15). Single nucleotide variants were
called using MuTect (version 1.1.4) (16).
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Statistical analysis of mini-PDX. Statistical analyses were
performed using SPSS version 22.0 (IBM Corp.). One-way
ANOVA followed by Tukey's post hoc test was used for evalu-
ating differences among groups. P<0.05 was considered to
indicate a statistically significant difference.

Results

Clinical data. The 74-year-old male patient presented with
a bloated and uncomfortable upper abdomen and underwent
gastroscopy on December 17, 2018. Gastroscopy revealed
a large ulcer from the cardia to the fundus of the stomach.
The pathology examination confirmed adenocarcinoma.
Abdominal contrast-enhanced computed tomography (CT)
revealed a mass in the lesser curvature of the stomach.
Combined with the medical history, the mass was initially
considered as a swollen lymph node. The gastric wall was
thickened in the cardiac part, gastric fundus and lesser curva-
ture of the stomach. Bronchiectasis with infection was detected
in the right lung. Considering that the patient had a history of
bronchiectasis for >10 years, his extremely poor pulmonary
function indicated that he was an inappropriate candidate for
GC surgery. A serum test performed in January 2019 revealed
an AFP level of >1,210 ng/ml, while the levels of carcinoem-
bryonic antigen, carbohydrate antigen 19-9 and carbohydrate
antigen 72-4 were all within the normal range. Gastroscopy
showed the presence of carcinoma of the lower esophagus near
the cardia, which the endoscope could not pass (Fig. 1A) due
to obstruction of the lumen. At the same time, tumor tissue
was biopsied for the mini-PDX assay. Pathology confirmed
adenocarcinoma (Fig. 2). Immunohistochemical assay showed
the following results: HER-2 (2+), epidermal growth factor
receptor (EGFR)+ (weak), Ki-67+ (~50%), P53-+ (diffuse) and
AFP-. The FISH assay indicated HER-2 amplification (Fig. 3).
Contrast-enhanced CT examination of the upper abdomen
revealed swollen lymph nodes with a size of ~4.5x3.5 cm in
the lesser curvature of the stomach (Fig. 4A).

Mini-PDX assay. In this assay, after 7 days of drug treatment,
the mini-PDX devices were removed from the mice and the
relative proliferation rates of the tumor cells were determined.
The results revealed that tumor cell proliferation in the
three treatment groups [irinotecan + S-1 (tumor (T)/control
(C)=16%], docetaxel + S-1 (T/C=29%) and capecitabine +
oxaliplatin (T/C=40%)] was significantly lower than that in the
control group, demonstrating the strong inhibitory effect of the
three regimens on the growth of tumor cells. The irinotecan +
S-1 group had the lowest relative tumor cell proliferation rate,
which indicated that this regimen had the strongest inhibitory
effect (Fig. 5A). Furthermore, no significant reduction in body
weight of mice was observed in any group during the experi-
ment, which suggested that the dosage of the drug regimen
was within the safe range (Fig. 5B).

NGS. The following somatic genetic changes were detected in
the primary tumor: Tumor protein P53 [c.659A>G (p.Y220C);
52.6%], ataxia-telengiectasia mutated [ATM; c.125A>G
(p.-H42R); 48.1%] and MutS homolog 6 [c.3254C(8>7)
(p.F1088Sfs*2); 5.4%] mutation, and ERBB2 (HER-2)
amplification. In addition, the following genomic biomarkers
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Figure 1. Gastroscopic images of the patient in which the blue arrow indicates the tumor focus and the red outline represents the tumor focal boundary. (A) On
January 11,2019, a tumor lesion at the gastroesophageal junction blocked the esophageal lumen, preventing endoscopic exploration. (B) On May 22, 2019, the
tumor was largely diminished and the endoscope was able to pass through the cardia. (C) Cardia and (D) fundus of the stomach were examined by gastroscopy

on May 17,2021, and no tumor tissue was visible with the naked eye.

Figure 2. Histopathological examination of adenocarcinoma of the esophagogastric junction. (A and B) Hematoxylin and eosin staining reveals abnormal glands
with villous hyperplasia, massive necrosis and no hepatolenticular differentiation. (A) magnification x40; (B), magnification x100. (C) Immunohistochemical

analysis of a-fetoprotein did not detect any expression; magnification, x100.

associated with chemotherapeutic drugs were detected:
Capecitabine and fluoropyrimidines [dihydropyrimidine dehy-
drogenase (DPYD) rs3918290 (DPYD*2A), DPYD rs55886062
(DPYD 1679 T>G) and DPYD rs67376798 (DPYD 2846
A>T)] and irinotecan [UDP glucuronosyltransferase family
member 1 Al (UGT1A1) rs8175347 (UGT1A1*28, TA6/7) and
UGT1A1 rs4148323 (UGT1A1*6, GG)], which indicates that
these drugs had a low risk of side effects.

Chemotherapy. The results of the mini-PDX assay indicated
that the irinotecan + S-1 treatment regimen had the stron-
gest inhibitory effect on the tumor cells, and the results of
NGS indicated that capecitabine, fluoropyrimidines and
irinotecan had a low risk of side effects. The combination
of the results from both assays suggested that irinotecan +

Figure 3. Fluorescence in situ hybridization assay. Fluorescence micros-
copy shows HER-2 in red and CEP17 in green, with a HER-2/CEP17 ratio
of 3.64 (=2) and average copy number of HER-2 of 8.32 (=6), indicating
HER-2-positivity, magnification, x100. HER-2, human epidermal growth
factor receptor 2; CEP17, chromosome 17 centromere.
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Figure 4. Abdominal enhanced CT in which the blue arrow and red outline indicate swollen lymph nodes and their boundary at the lesser curvature of stomach,
which gradually shrank and then disappeared after treatment. (A) Abdominal CT scan performed on December 17, 2018, showing lymph nodes in the lesser
curvature of the stomach ~4.5x3.5 cm in size. (B) Abdominal CT scan carried out on March 7, 2019, showing that the lymph nodes in the lesser curvature of
the stomach had decreased to ~ 3.5x2.5 cm. (C) Abdominal CT scan performed on May 23, 2019, showing a further reduction in the size of the lymph nodes to
~2.5x1.5 cm. (D) Abdominal CT carried out on October 21,2019, indicating that the size of the lymph nodes was ~2x1.1 cm. Abdominal contrast-enhanced CT
scans performed on (E) August 18,2020 and (F) May 11, 2021, showing that the enlarged lymph nodes in the lesser curvature had disappeared. CT, computed

tomography.
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Figure 5. Response of the mini-PDX to various chemotherapy regimens and the change of body weight during drug delivery. (A) The proliferation of tumor
cells in mini-PDX implants was observed in mice treated with vehicle, Doc + S-1, Cape + Oxa and Irino + S-1. The drug treatment began 1 day after tumor
cell implantation. The tumor cell proliferation rate relative to that of the control group was calculated after the 7-day treatment. “P<0.001 vs. the vehicle
group. (B) The change in body weight of the mice was monitored. Throughout the experiment, no significant reduction in the weight of mice in each group was
detected, suggesting that the dosage of the drug regimen was within the safe range. T, tumor; C, control; Doc, docetaxel; Cape, capecitabine; Oxa, oxaliplatin;
Irino, irinotecan; S-1, tegafur-gimeracil-oteracil (tegio); RCBW, relative change in body weight.

2019, the treatment plan comprising a regimen of 300 mg
irinotecan (day 1) plus 40 mg S-1 (twice daily, days 2-15)
plus 350 mg trastuzumab (once every 3 weeks) was initiated.
After the second course of treatment, the patient's AFP level
was reduced to 22.78 ng/ml, which was maintained within

S-1 was an appropriate regimen for chemotherapy in this
patient.

Patients with concurrent HER-2 amplification can be
treated with a combination of trastuzumab and targeted
therapy. Considering the patient's advanced age, poor

pulmonary function and lymph node metastasis in the lesser
curvature of the stomach, the patient and his family requested
medical treatment and refused surgery. From January 22,

the normal range thereafter (Fig. 6). Following two courses
of treatment, gastroscopy showed that the size of the lesion
was significantly reduced, allowing the endoscope to pass
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through the stenosis. In addition, the lymph nodes of the
lesser curvature of the stomach gradually decreased in size
and then disappeared (Figs. 1B and 4B-D). After six courses
of chemotherapy, the patient continued to take four courses
of S-1 capsules and trastuzumab for a year. Afterwards,
the drug was discontinued and the patient was followed
up regularly. In May 2021, gastroscopy did not show any
tumor (Fig. 1C and D) and there was no sign of recurrence
or metastasis (Fig. 4E and F). To date, the patient has been
experiencing a high quality of life.

Discussion

GC is a common malignancy. A large number of patients with
GC are diagnosed in the middle- or late-stage, and AFPGC is
associated with a poorer prognosis than other types of GC (17).
AFPGC is reported to comprise two types, one of which is
hepatoid adenocarcinoma of the stomach (HAS), a rare aggres-
sive tumor with hepatocellular differentiation (18,19). The
differentiation of HAS is an important feature, particularly in
hepatic lymph node metastasis (20). However, the positive rate
of AFP in patients with HAS is 54-87%, indicating that AFP is
not present in all HAS cases (18,19). The other type of AFPGC
is the embryonic gastrointestinal type, which constitutes
11.1-26.7% of all cases of AFPGC. The intestinal mucosa of
this type can mimic embryonic intestinal mucosa and produce
AFP (21). Regardless of the type, serum AFP-positive GC is
more malignant than other types of GC, and more prone to
hepatic lymph node metastasis. Pathological stage, serum AFP
level, age and hepatic metastasis are independent risk factors
for the prognosis of AFPGC (22). Therefore, there is an urgent
requirement for in vivo human models of AFPGC to determine
the sensitivity of drugs used for the personalized treatment of
cancer patients.

The PDX model can accurately reflect patients' sensi-
tivity to drugs in certain types of cancer (23). However, the

limitations of the PDX model inhibit its broad application in
clinical practice: Firstly, the PDX model has a low success rate
and requires a large quantity of tumor tissue, which can only
be obtained from surgically removed tumors; secondly, PDX
modeling requires 4-8 months to determine the efficacy of
treatment for a specific cancer, and the time lag between the
transplantation of tumor tissue into mice and the initiation of
treatment limits its extensive application (7,24). To overcome
these limitations, the mini-PDX model has emerged to assist
clinicians in the selection of chemotherapeutic agents. The
mini-PDX model requires only a small number of tumor cells
and rapidly analyzes drug sensitivity in an average testing time
of 7 days, enabling patients to receive individualized chemo-
therapy over a clinically relevant time frame. A previous
study showed a strong consistency between mini-PDX- and
PDX-based drug sensitivity predictions for a variety of solid
tumors, including lung cancer, pancreatic cancer and stomach
cancer, with an overall response consistency of 89%, indicating
that the mini-PDX-based drug sensitivity model can be used to
predict the outcome of patients with cancer (12).

Patients with unresectable AFPGC are recommended to
be treated with chemotherapy. In a previous study on patients
with HAS receiving the same chemotherapy regimen, it was
shown that the disease-free and disease-specific survival
rates of patients receiving neoadjuvant chemotherapy were
significantly higher than those undergoing postoperative
chemotherapy (25). Therefore, neoadjuvant chemotherapy is
recommended for patients with liver and/or distant metastases
at the initial diagnosis. Several chemotherapeutic regimens,
including cisplatin combined with fluorouracil and epirubicin,
or irinotecan combined with mitomycin, have been reported
to effectively slowdown the progression of AFPGC (26). In
the present study, using the mini-PDX model, it was identified
that irinotecan combined with S-1 had the strongest antitumor
effect among the regimens tested, and NGS suggested that
irinotecan would be less toxic. Satisfactory outcomes and
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complete remission (CR) were achieved using the combination
of irinotecan and S-1 with trastuzumab, and no third-degree or
more toxic side effects were observed. The patient had HER-2
amplification, as confirmed by the FISH and NGS results.
A previous study showed that the positive rate of HER-2 in
patients with HAS was 42.68%, which was higher than that
in patients with other types of GC (27). However, a review
of studies on AFPGC suggested that when compared with
GC with a normal AFP level, vascular endothelial growth
factor is upregulated in AFPGC while the HER-2 expression
level is not significantly different (28). In GC, the interaction
between hepatocyte growth factor and its receptor c-Met can
promote mitosis and cell migration, which promotes tumor
development. A previous study demonstrated that the posi-
tive rate of c-Met in patients with AFPGC was higher than
that in patients with AFP-negative GC. Moreover, it revealed
that the difference in c-Met expression levels between the
AFP (+) cells and AFP (-) cells in AFPGC tissues was not
statistically significant (29). In the present study, the NGS
of the tumor tissue did not suggest c-Met amplification.
Instead, the patient was revealed to have HER-2 amplifica-
tion, and promising results were obtained using trastuzumab.
A previous study on the treatment of patients with GC of
different HER-2 statuses revealed that HER-2-positive patients
treated with trastuzumab had a median overall survival of
22.3 months (30). At the time of writing, the present case had
survived for more than 32 months with CR, which has rarely
been reported. Since immunotherapy has not been validated
as a first-line treatment for patients with advanced GC, no
immunohistochemistry of programmed death-ligand 1 was
performed in the present case, and no programmed cell death
protein 1 (PD-1) inhibitor was administered. However, if the
condition progresses again, according to the KEYNOTE-811
clinical trial (31), PD-1 inhibitors may also be included in the
therapeutic scheme. In addition, the NGS results identified
the presence of ATM mutations. ATM is a tumor suppressor
gene (32). It interacts with numerous proteins that co-localize
at sites of DNA damage, where it plays an important role in
genome stability and the repair of DNA damage. Therefore,
its mutation may lead to homologous recombination repair
deficiency. However, PARP inhibitors can comprehensively
kill tumor cells with homologous recombination defects (33).
Notably, patients who initially respond to PARP inhibitors
may later develop resistance.

In conclusion, the present study supports the use of a
mini-PDX model in combination with the NGS to optimize the
clinical management of metastatic gastric adenocarcinoma.
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