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Abstract: Gastric cancer is common, especially in East Asian countries, and is associated 
with high recurrence and mortality rates. Currently, there is no standard third-line treatment 
for metastatic gastric cancer. In this report, we present the case of a 69-year-old man with 
advanced gastric cancer, whose tumor was negative for human epidermal growth factor 
receptor 2 (HER2) according to immunohistochemical analysis. Next-generation sequencing 
performed on paraffin sections of the postoperative tumor samples indicated the presence of 
the ERBB3 V104L mutation. The patient received irinotecan plus pyrotinib as a third-line 
therapy and achieved a progression-free survival of 7.6 months with a high quality of life. 
Therefore, the combined administration of irinotecan and pyrotinib may improve the clinical 
condition of patients with gastric cancer harboring an ERBB3 mutation. Moreover, ERBB3 
could be a potential therapeutic target for gastric cancer. 
Keywords: ERBB3, gastric cancer, irinotecan, pyrotinib, third-line therapy

Introduction
Gastric cancer is the second leading cause of cancer-related deaths in Asia.1 After 
systematic first- and second-line treatments, approximately 20–90% of patients 
receive active third-line or subsequent treatments;2–5 however, there are no standard 
advanced therapy protocols for metastatic gastric cancer, according to the National 
Comprehensive Cancer Network Guidelines. Preferred therapies include ramucir-
umab plus paclitaxel, taxane, irinotecan, TAS-102, fluorouracil plus irinotecan, 
apatinib, or pembrolizumab. A systematic review and meta-analysis of advanced 
gastric cancer indicated that the median overall survival of patients receiving third- 
line therapy is approximately 4.80 months compared with the 3.20 months for 
patients receiving only the best supportive care.6 Thus, the lack of effective third- 
line therapies for gastric cancer significantly restricts patient survival.

Herein, we present the case of a patient with advanced gastric cancer harboring 
the ERBB3 V104L mutation, who received pyrotinib plus irinotecan as a third-line 
therapy and achieved a progression-free survival (PFS) of 7.6 months with a high 
quality of life (QOL).

Case Presentation
A 69-year-old man was diagnosed with gastric adenocarcinoma in July 2015 via 
endoscopic biopsy. He had a family history of cancer, as his sister had colon cancer. 
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The timeline of his treatments is shown in Figure 1. First, he 
underwent radical gastrectomy with postoperative 
pTxN1M0 grade (in another hospital). Later, from 
August 2015 to February 2016, the patient underwent six 
cycles of treatment with fluorouracil plus oxaliplatin as 
adjuvant chemotherapy. In October 2016, via gastroscopy, 
the patient was confirmed to have relapsed. Therefore, 
a residual gastrectomy was performed, and the postoperative 
stage was pT3N2M0. After the surgery, the patient received 
four cycles of treatment with fluorouracil plus irinotecan 
from December 2016 to March 2017. However, he stopped 
chemotherapy due to the onset of adverse events, including 
thrombocytopenia and diarrhea. In January 2018, he under-
went positron emission tomography-computed tomography 
(PET-CT) due to abdominal distension. The scans showed 
multiple metastases in the right diaphragm and peritoneum, 
with a large amount of fluid in the abdominal cavity and 
metastasis to the liver (S5 and S6), indicating extensive 
disease progression. The staining results of the abdominal 
wall nodules are shown in Figure 2.

In February 2018, immunohistochemical (IHC) analysis 
showed that the tumor was negative for human epidermal 
growth factor receptor 2 (HER2) (Figure 2C). The tumor 
tissues and matched blood samples were sent to the College 
of American Pathologists (CAP)-accredited and Clinical 
Laboratory Improvement Amendments (CLIA)-certified 
laboratory (OrigiMed, Shanghai, China) for targeted next- 
generation sequencing (NGS). Written informed consent has 
been obtained from the patient to have the case details and 
any accompanying images for publication. The genomic 
results revealed a mutation in ERBB3 (V104L), accompa-
nied by mutations in TP53 (R273C), KRAS (G12F), and 
AMER1 (Q577*), as well as amplification of CCNE1/FOS/ 
GATA6/MCL1/MYCN/CIC. The tumor mutational burden 
was 13.6 muts/Mb. Programmed death-ligand 1 (PD-L1) 
expression was negative and no germline mutations were 
detected. In March 2018, he received two courses of perito-
neal thermal perfusion therapy, followed by two courses of 
paclitaxel peritoneal administration (240 mg). The patient 
was then administered six cycles of capecitabine (1 g po bid 

Figure 1 The timeline of the treatment. 
Abbreviations: IHC, immunohistochemistry; NGS, next-generation sequencing.

Figure 2 Histologic results of abdominal wall nodules. (A) Hematoxylin-eosin staining (magnification: ×200). (B) Cytokeratin immunohistochemistry (magnification: ×200). 
(C) Human epidermal growth factor receptor 2 (HER2) immunohistochemistry (magnification: ×200).
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d1–14 q3w) plus oxaliplatin (230 mg ivd qd d1 q3w). In 
July, the CT scan suggested that the disease was stable but 
without significant improvement. He continued maintenance 
treatment with four cycles of S-1 (60 mg po bid d1–14 q3w) 
plus apatinib (0.25 g po qd) until October 2018. However, 
due to intolerable adverse events, such as incomplete small 
bowel obstruction, the maintenance treatment was changed 
to apatinib (0.5 g po qd).

In December 2018, the disease progressed with new 
metastases in the right adrenal gland and right paracolic 
sulcus revealed by CT examination. Considering that his 
previous NGS test indicated the presence of an ERBB3 
mutation, we administered irinotecan (330 mg ivd qd d1 
q2w) plus pyrotinib (320 mg qd) starting on December 28, 
2018. CT scans performed on March 12 and May 9, 2019, 
showed stable disease (Figure 3) with decreased effusion of 
the abdominal cavity. The patient experienced an improve-
ment in abdominal distension, and no additional adverse 
events were observed. However, on August 6, CT scans 
showed an increase in the abdominal metastatic tumor as 
well as the abdominal and pelvic effusion, which suggested 
disease progression. Therefore, the PFS was 7.6 months.

Thereafter, the patient underwent chemotherapy, tar-
geted therapy, and immunotherapy; however, he did not 

exhibit a good response. CT scans revealed multiple 
metastases in the abdomen and liver (S6). The patient 
died in March 2020.

Discussion
The benefits of the existing third-line treatments for 
advanced gastric cancer are limited, and many patients can-
not tolerate chemotherapy-related toxicity. In recent years, 
targeted therapy has provided a new treatment strategy for 
advanced gastric cancer with more convenience and fewer 
side effects. However, at present, only the treatment of 
HER2-positive advanced gastric cancer has been effective.7 

Therefore, effective therapies targeting cancer driver genes 
are still warranted. Herein, we report a patient with HER2- 
negative gastric cancer harboring an ERBB3 mutation. He 
received pyrotinib plus irinotecan as a third-line treatment, 
which resulted in a PFS of 7.6 months and a high QOL. We 
believe that this case provides important medical evidence 
for the beneficial clinical application of pan-ErbB inhibitors.

ERBB3, encoded by the ERBB3 gene, is a member of the 
epidermal growth factor receptor (EGFR) family. Although 
its intracellular tyrosine kinase domain is weak, it can still 
form active heterodimers with other EGFR members, thus 
activating pathways involved in cell proliferation and 

Figure 3 The patient’s condition clinically improved after treatment with pyrotinib and irinotecan. (A) Liver S6 metastasis disappeared after treatment; (B) The diameter of 
the metastatic peritoneal cyst was reduced from 3.7 to 3.2 cm after treatment and maintained; (C) The diameter of the metastatic peritoneal reflex was reduced from 3.3 to 
2.5 cm after treatment and maintained; (D) Ascites were significantly reduced after treatment. Red circles indicate metastatic tumor lesions.
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differentiation.8–10 ERBB3 mutations have been identified in 
some cancers, including colon and gastric cancers,11–19 

which have ligand-independent and HER2-dependent trans-
formation abilities.20 The ERBB3 V104L mutation is one of 
the main hotspot mutations in the extracellular domain and 
was identified in gallbladder cancer, rectal neuroendocrine 
tumors, and lung sarcomatoid carcinoma.19,21–23

Some anti-ERBB3 drugs, such as patritumab, AZD8931, 
and U3-1402, are still under preclinical and clinical 
development.24–26 Considering that ERBB3 needs to form 
a heterodimer with other EGFR members, antitumor drugs 
that target the EGFR/HER2 may be effective. Some clinical 
benefits have been observed with afatinib, trastuzumab plus 
lapatinib, and lapatinib alone, among other treatment 
regimens.22,27 For instance, a patient with a rectal neuroen-
docrine tumor harboring the ERBB3 V104L mutation was 
treated with trastuzumab and lapatinib as a third-line ther-
apy, resulting in a stable disease and a PFS of 51 days.22 

However, HER2-negative breast cancer patients with the 
ERBB3 G284R mutation, who received trastuzumab with 
lapatinib as a third-line treatment, showed only a partial 
response (PR) for more than 40 weeks.27 Additionally, 
a biliary tract carcinoma patient harboring an ERBB3 muta-
tion achieved a PR after receiving trastuzumab plus 
lapatinib.33 Additionally, two metastatic urothelial cancers 
with ERBB3 V104M and G284R mutations achieved 6.3 
months and 7 months of PFS, respectively, after treatment 
with the inhibitor afatinib (Table 1).32

Pyrotinib is an oral, irreversible pan-ErbB inhibitor 
capable of blocking EGFR/HER1, HER2, and HER4 
activities.28 A Phase II study showed that pyrotinib 
was effective in treating HER2-positive breast cancer, 
with a superior response to lapatinib.29 In addition, 
preclinical studies have confirmed that pyrotinib suc-
cessfully treated non-small-cell lung carcinoma with an 
HER2 exon 20 mutation and HER2-positive gastric 
cancer.30,31,33 However, its effects on HER2-negative 
gastric cancer remains unknown. Here, we showed that 

a patient with HER2-negative gastric cancer harboring 
an ERBB3 mutation who received pyrotinib plus irino-
tecan as a third-line treatment gained a PFS of 7.6 
months with a high QOL, indicating the potential of 
pyrotinib in treating HER2-negative gastric cancer 
patients with ERBB3 mutations.

One limitation of this study is that administering pyr-
otinib and irinotecan at the same time made it difficult to 
distinguish which drug produced the therapeutic effect. 
However, compared with the previously used fluorouracil 
plus irinotecan, the patient’s clinical condition was signifi-
cantly improved by the irinotecan and pyrotinib combina-
tion, and his PFS reached nearly 8 months, indicating that 
the use of pyrotinib may have contributed to the antitumor 
activity by targeting the ERBB3 (V104L) mutation in this 
case, since pyrotinib is a pan-ErbB inhibitor. In addition, 
further evaluations are warranted to confirm whether pyr-
otinib could be widely used in gastric cancer patients with 
ERBB3 alterations. Collectively, we believe that ERBB3 
mutations should be considered a new target for the treat-
ment of gastric cancer.
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Table 1 Reported Cases Harboring ERBB3 Mutations Treated with Targeted Therapy

Tumor Type ERBB3 Mutation Treatment Treatment Line Response PFS Ref.

Rectal neuroendocrine tumor V104L Trastuzumab with Lapatinib Third-line SD 51 days [22]
Breast cancer G284R Trastuzumab with Lapatinib Third-line PR 40 weeks [27]

Biliary tract carcinoma – Trastuzumab with Lapatinib – PR – [32]

Metastatic urothelial cancer V104M Afatinib – SD 6.3 months [31]
Metastatic urothelial cancer G284R Afatinib – SD 7 months [31]

Abbreviations: PR, partial response; PFS, progression-free survival; SD, stable disease.
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