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Background: HER2-positive patients with advanced gastric cancer have a poor prognosis,
and trastuzumab-resistant patients lack effective treatment.

Case Presentation: We report a 72-year-old male with HER2-positive gastric cancer. The
patient had metastatic tumor during adjuvant chemotherapy after surgery, followed
by second-line chemotherapy, and achieved a progression-free survival (PFS) of 4.5 months.
Subsequent third-line chemotherapy treatment also failed. Fortunately, the patient had
a significant tumor response and 8.5 months of PFS on trastuzumab combined with che-
motherapy. After trastuzumab resistance, the patient was treated with programmed cell death
protein-1 inhibitor combined with apatinib, which selectively inhibited VEGFR2, but the
effect was not satisfactory. Finally, the patient was treated with capecitabine combined with
pyrotinib, an irreversible TKI, acting on HER2. The tumor shrank significantly after this
treatment.

Conclusion: The mechanism and countermeasures of trastuzumab resistance were discussed
in this case. For patients with HER2-positive advanced gastric cancer, pyrotinib can achieve
good results after trastuzumab resistance.
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Introduction
Gastric cancer (GC) is one of the most common malignant tumors in the digestive
tract, with high geographical and ethnic differences in incidence, among which the
incidence in East Asia is the highest."> However, East Asia also has the highest
5-year survival rate for GC. The 5-year survival rate for GC patients in Japan is
close to 70%.* Thanks to the universal gastroscopy screening, the early diagnosis
rate of GC patients in Japan is relatively high and the prognosis is good.*> Most
Chinese patients with GC were found to be at an advanced stage, with a low 5-year
survival rate.® The main treatment methods for advanced GC include chemotherapy,
molecular targeted therapy and immunotherapy.

In recent years, the use of targeted therapy against human epidermal growth factor
receptor-2 (HER2) and immunotherapy against programmed cell death protein-1 (PD-
1) have made progress in the treatment of advanced GC. In addition, clinical studies

targeting vascular endothelial growth factor receptor (VEGF) against GC have been
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widely carried out. Phase III clinical study of apatinib, as an
oral small molecule of VEGFR-2 tyrosine kinase inhibitor,
in the treatment of advanced GC with failure of second-line
chemotherapy showed that apatinib has an encouraging clin-
ical effect.” Based on this study, the China Food and Drug
Administration approved apatinib as a third-line treatment
for advanced GC.

ToGA study showed that trastuzumab combined with
chemotherapy improved survival in HER2 overexpression
of metastatic GC.* Currently, there is no standard treatment
for GC patients with trastuzumab resistance.” Pyrotinib is
a novel irreversible epidermal growth factor receptor
(EGFR) and HER2 dual-tyrosine
A number of clinical studies have shown that pyrotinib

kinase inhibitor.
alone or combined with capecitabine has excellent safety
and curative effects in the treatment of HER2-positive meta-
static breast cancer patients (including patients with trastu-
zumab resistance),'™'' hence CFDA approved pyrotinib
plus capecitabine as the second-line standard-of-care for
metastatic HER2-positive breast cancer in China. However,
the efficacy of pyrotinib in trastuzumab-resistant GC
patients remains unclear. Here, we report a case of advanced
GC with HER2 positive that achieved favourable efficacy
with pyrotinib after trastuzumab resistance.

Case Presentation

Operation and First-Line Treatment
A 72-year-old male patient underwent D2 radical gastrect-
omy in October 2017 due to elevated carbohydrate antigen

and subsequently GC revealed by abdominal MRI and gas-
tric adenocarcinoma by gastroscopy. Postoperative histo-
pathological diagnosis was poorly differentiated from
adenocarcinoma (Diffuse type) with HER2 positive (immu-
nohistochemical), TNM staging (7th edition) was
p-T4aN3aMO (stage IIIC). After surgery, CA199 fell to
198 U/mL and the patient received six cycles of SOX
(oxaliplatin 130 mg/m? Tegafur Gimeracil Oteracil
Potassium Capsule 60mg/d d1-14) regimens of adjuvant
April 2018,
Tomography-Computed Tomography (PET-CT)

chemotherapy. In Positron  Emission
scan
showed multiple larger lymph nodes in the right upper
mesentery and abdominal aorta, the larger one was about
1.52%1.03 cm, and the maximum SUV was 3.84, indicating
lymph node metastasis. According to the consensus, this
postoperative adjuvant chemotherapy should be considered
as a first-line treatment. Figures 1-4 show the whole treat-
ment process and the corresponding changes in PET-CT and
computed tomography (CT) scan, as well as the changes in

CA199 and carcinoembryonic antigen (CEA) levels.

Second - and Third-Line Treatments

In June 2018, CA199 (1239.0 U/mL) and CEA (18.7 ng/
mL) were significantly elevated in this patient. We sug-
gested that the patient should take trastuzumab combined
with chemotherapy, but because trastuzumab was not cov-
ered by the medical insurance of Chinese residents at that
time, the patient refused to use trastuzumab, so we gave
the DP (docetaxel 75mg/m?, cisplatin 75mg/m?) che-
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Figure | Disease development and treatment procedures.

Abbreviations: SOX, oxaliplatin/Tegafur Gimeracil Oteracil Potassium Capsule; DP, docetaxel/cisplatin; H, trastuzumab; DCF, docetaxel/cisplatin/5-fluorouracil; PFS,
progression-free survival; PD, progressive disease; SD, Stable Disease; PR, partial response; mo, months.
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Figure 2 Whole body positron emission computed tomography (PET-CT) and
computed tomography (CT) of chest and abdomen. (A) PET-CT showed multiple
larger lymph nodes in the right upper mesentery and abdominal aorta after first-line
chemotherapy (SOX). (B and I) CT demonstrates no significant changes in retro-
peritoneal lymph nodes and new lung metastases when DP failed. (C) CT demon-
strated progressive disease (PD) in the retroperitoneal lymph nodes when
irinotecan failed. (D and J) CT scan indicated that the retroperitoneal lymph
nodes were nearly disappeared and lung metastasis disappeared after four cycles
of trastuzumab combined with chemotherapy (DCF) treatment. (E and K) PET-CT
showed retroperitoneal newly metastatic lymph nodes and pulmonary newly meta-
static nodules after trastuzumab combined with DCF. (F) After four cycles of
apatinib combined with camrelizumab treatment, the size of retroperitoneal
lymph nodes was significantly increased. (G, H and L) After three cycles of
pyrotinib combined with capecitabine treatment, retroperitoneal lymph nodes
were smaller than before, pulmonary metastasis disappeared after four cycles, and
CT scan in August 2020 showed that retroperitoneal lymph nodes almost
disappeared.

chemotherapy, a CT scan of the patient’s abdomen
revealed a slight reduction in retroperitoneal lymph
nodes. Until November 2018, new metastases were found
on chest CT scan, accompanied by a significant increase in

CA199 (8078.0 U/mL) and CEA (49.1 ng/mL).

Subsequently, he underwent two cycles of third-line che-
motherapy with irinotecan (250mg/m?). However, this
regimen did not show therapeutic effect, accompanied by
the continuous increase of CA199 (16644.0 U/mL) and
CEA (65.6 ng/mL).

The Fourth-Line Treatment of
Trastuzumab Combined with

Chemotherapy

In January 2019, the patient developed back pain when
a CT scan demonstrated progressive disease (PD) in the
retroperitoneal lymph nodes. At this time, trastuzumab had
been included in the medical insurance coverage of
Chinese residents, so we treated the patient with trastuzu-
mab (6mg/kg) combined with DCF (docetaxel 60mg/m?,
cisplatin 60mg/m?, 5-fluorouracil 600mg/m?/d d1-5) regi-
men. After two cycles of therapy, the abdominal CT
showed partial response (PR) of retroperitoneal lymph
nodes, the back pain was significantly reduced. After
four cycles of therapy, chest CT showed that pulmonary
metastases disappeared, and abdominal CT showed PR of
retroperitoneal lymph nodes. By August 2019, the patient
received a total of 9 cycles of this regimen, during which
CA199 was reduced to the lowest value of 206.0 U/mL
and CEA to the lowest value of 9.3 ng/mL. In
September 2019, PET-CT showed new nodules in left
lung and right lung, and multiple enlarged lymph nodes
in retroperitoneal. The largest lymph node had a length of
about 2.4 c¢cm, and the maximum SUV was 10.75. At the
same time, CA199 (3988.0 U/mL) and CEA (30.2 ng/mL)
increased significantly. Comprehensive consideration, the
patient’s condition progress.

The Fifth-Line Treatment of Apatinib

Combined with Camrelizumab

After the fourth-line treatment of GC, there is no standard
treatment. We suggested genetic testing, and the patient
refused. After comprehensive consideration, the patient
was treated with anti-angiogenesis (apatinib 250mg/d)
combined with anti-PD-1 inhibitor (camrelizumab, SHR-
1210, 200mg every 3 weeks). After two cycles of treat-
ment, the abdominal CT scan showed no significant
change in the size of the lesions. After that, we gave the
patient two cycles of treatment again. In January 2020, CT
scan showed that the retroperitoneal lymph nodes were
enlarged, and CA199 (13725.0 U/mL) and CEA (48.3
ng/mL) were obviously increased.
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Figure 3 Change in carbohydrate antigen 199 (CA199) (U/mL) levels during entire treatment.
CEA(ng/mL)
70 ~
65.6 4% Line
-
3 Line & i
60 4 6™ Line
491
50
i ' 5% Line 483
pre-operation
39.8
40 .
; 32,9
T 2" Line 30.2 Py
30 4 1t Line .
248
218 .
18.7 *
20 4 .
18.3
15.2 ° .
o 13
ne 1.3 .
10 4 8.2 o
*
0 } i i i i —— - - - - - -
g § £ 8 e 88 8§ g 8§ = 8 8
§ = I 8§ g 8358 3 s 2 3 3 3
S 2 & = 22388 @ 2 2 3 g g
& & & & & & § 8 R & & o S & S

Figure 4 Change in carcinoembryonic antigen (CEA) (ng/mL) levels during entire

The Sixth-Line Treatment of Pyrotinib
Combined with Capecitabine

After the patient’s disease progresses, we recommend
genetic testing again. Peripheral blood tests were performed
because the patient’s pathological tissue was difficult to
obtain. Next-generation sequencing (NGS) (543 genes;
GeneCast Biotechnology Co. Ltd., Beijing, China) was

treatment.

performed. NGS results showed that the patient had an
increased copy number of HER2 gene, no HER2 gene
mutation, and a negative expression of programmed cell
death ligand 1 (PD-L1). Detailed results are listed in
Table 1. We conducted a multidisciplinary treatment discus-
sion on the patient’s condition in our hospital, and found

that there is no standard treatment plan for the six-line
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Table | Genetic Test Results of Patients

GENES Variations Abundance GCN Methodology

HER2 Increased GCN 15.62 NGS

CDHI p-E497K 2.07%

DNMT3A p-V636M 0.83%

KMT2C p.1707T 0.81%

TP53 p-C242Y 1.83%

CDK4 Decreased GCN 3.13

PTEN Decreased GCN 1.43

TMB Low 1.27/Mb

MSI MSS/MSI-L

KRAS Negative

Abbreviations: HER2, human epidermal growth factor receptor-2; CDHI, cadherin |; DNMT3A, DNA methyltransferase 3A; KMT2C, Lysine methyltransferase 2C; TP53,
tumor protein p53; CDK4, cyclin-dependent kinase 4; PTEN, phosphatase and tensin homolog; TMB, tumor mutational burden; MSI, microsatellite instability; MSS,
microsatellite stability; MSI-L, microsatellite instability low; KRAS, Kirsten rat sarcoma viral oncogene; GCN, gene copy number; NGS, next generation sequencing.

treatment of advanced GC, and no relevant clinical trial has
been carried out in our hospital. According to the NGS
results, the copy number of the HER2 gene was signifi-
cantly increased in this patient. Pyrotinib, a novel HER2
inhibitor, has been approved in combination with capecita-
bine in China for patients with relapsed or metastatic breast
cancer who had previously received trastuzumab. We
hypothesized that pyrotinib combined with capecitabine
might be effective in this patient. Therefore, with the
patient’s informed consent, the patient was administered
pyrotinib (400mg/d) plus capecitabine (1000 mg/m2, bid,
d1-14, every 3 weeks) treatment in January 2020. After
three cycles, abdominal CT scans showed PR in the retro-
peritoneal lymph node. After four cycles, chest CT scans
showed that pulmonary nodules disappeared. At the same
time, CA199 and CEA decreased steadily. In August 2020,
abdominal CT still showed PR in retroperitoneal lymph
nodes. The patient tolerated treatment with pyrotinib well.
No adverse events were observed. Until the submission of
the case draft, the patient has survived for over 30 months
since postoperative recurrence and now continues to receive
the combination treatment of pyrotinib plus capecitabine,
and the PFS is over 8.5 months.

Discussion

HER2-positive GC is a unique subtype of GC, which
requires different diagnosis and treatment strategies from
HER2 negative GC. A retrospective study showed that
HER2-positive expression was associated with older age,
male, histological Lauren classification of intestinal type,
and tumor located in the upper 1/3 of the stomach.'?
Studies have also shown that HER2 overexpression is

associated with poor prognosis in patients with GC.
HER2 negative intestinal type GC has the best survival
outcome, while HER2-positive diffuse GC has the worst
outcome. "

Trastuzumab is presently the only drug with definite
clinical evidence and proven efficacy in treating HER2-
positive GC. Many clinical studies have confirmed that
chemotherapy combined with trastuzumab can signifi-
cantly improve ORR and OS in patients with advanced
HER2-positive GC.*'*'¢ The case we reported was not
treated with trastuzumab at first. After continuous multi-
line chemotherapy, the patient’s condition did not reach
remission. After receiving trastuzumab therapy, the clin-
ical symptoms were incredibly improved and 8.5 months
of PFS were obtained. Although the subsequent combina-
tion of apatinib and camrelizumab achieved only 4 months
of PFS, the follow-up pyrotinib treatment has again
achieved 8.5 months of PFS. The continued effectiveness
of anti-HER2 therapy suggests that HER2 pathway is
a key factor in the progression of cancer in this patient.

After trastuzumab resistance, there was no standard
treatment regimen. With the rapid development of immune
checkpoint inhibitors in tumors, immunotherapy for GC
has also been rapidly developed. Nivolumab has obvious
survival benefits in the treatment of patients with advanced
GC or gastroesophageal junction cancer who have pre-
viously received two or more chemotherapy regimens.'’
Keynote-059 study showed that the objective remission
rate of GC patients receiving pembrolizumab second-line
or multi-line treatment was 11.6%.'® Studies have shown
that Camrelizumab has an encouraging effect in patients
with advanced GC after chemotherapy in China."”
Moreover, a number of studies have shown that anti-
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angiogenesis therapy combined with immunotherapy can
reshape the tumor immunosuppressive microenvironment

and 20-23

improve the effect of anti-tumor therapy.
Therefore, we treated the patient with apatinib combined
with Camrelizumab, and the patient received 4 months of
PFS. The patient initially refused the genetic test, so we
could not predict the efficacy of the immunotherapy, so
giving the immunotherapy to the patient did not yield
surprising results. At present, a series of advances have
been made in immunotherapy for gastric cancer, but the
dominant population who can benefit from immunotherapy
is still not clear, so further studies are needed to explore
effective biomarkers.

Genetic testing of the patient prior to six-line treat-
ment showed HER2 amplification, suggesting that the
patient’s condition was closely related to the HER2 path-
way. So, our therapy is still focused on anti-HER2 ther-
apy. At present, the mechanism of trastuzumab resistance
is not clear. Trastuzumab is a recombinant humanized
monoclonal antibody that specifically acts on the extra-
cellular domain of HER2 and only acts on the HER2
pathway. Pyrotinib permanently binds to ATP binding
sites in the intracellular kinase regions of HER1, HER2
and HER4, completely blocking the downstream pathway
activated by homodimers or heterodimers of HER family
on the tumor cell membrane.?* Based on the difference of
action mechanism, the encouraging results of pyrotinib
combined with capecitabine in HER2-positive advanced
breast cancer, and the favorable results of pyrotinib in
preclinical and clinical studies in GC,*>*® we innova-
tively treated this patient with pyrotinib plus capecita-
bine, which has benefited the patient’s survival to
this day. In view of the successful experience of this
case and the mechanism of pyrotinib, pyrotinib is suita-
ble for the rescue treatment of trastuzumab resistance. Of
course, large clinical studies are needed to confirm this.
We were delighted to find that a Phase I study of pyr-
otinib combined with SHR6390 in the treatment of
HER2-positive GC (NCT03480256) is currently under-
way and we look forward to the experimental results of
this study.

Conclusions

We report a case of advanced GC after trastuzumab treat-
ment resistance. Subsequently, pyrotinib was used for
treatment, and achieved surprising clinical efficacy.
Clinical trials of pyrotinib for HER2-positive advanced

GC are currently underway.
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