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Background: The highest incidence of human epidermal growth factor receptor 2 (HER2) mutations has been observed in bladder
cancer (BC). However, the function of HER2 mutation in tumor progression and metastasis remains unclear. Currently, no responses to
the pan-HER kinase inhibitor were observed in HER2-mutant BC.

Case Presentation: We described a patient with metastatic bladder urothelial carcinoma (BUC) carrying a HER2 V842I mutation
both in circulating tumor DNA (ctDNA) and biopsy sample. The patient was then treated with a HER2 tyrosine kinase inhibitor,
pyrotinib, and responded well. However, the targeting treatment was terminated due to G3 diarrhea. Reduced dose of pyrotinib was
later added to late-line treatment, the patient’s tumor again responded with a significant decrease in CA199.

Conclusion: This is the first reported case of HER2 V8421 mutation successfully treated with pyrotinib in BUC, suggesting pyrotinib
therapy might serve as a therapeutic option for BUC patients harboring HER2 activating mutation.
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Background

Bladder cancer (BC) is the tenth most common cancer in the world, with an estimation of 81,400 new cases and 17,980 deaths
in the USA in 2020." Currently, multiple new non-chemotherapeutic drugs (such as checkpoint inhibitors, enfortumab,
erdafitinib, and sacituzumab) are available for use.” Considering that BC is one of the cancers with the highest somatic
mutation frequencies, targeted therapy is believed to hold great promise.’ Notably, BC represents the histology with the
highest incidence of human epidermal growth factor receptor 2 (HER2, encoded by ERBB2) mutations, ranging from 9 to
12%, followed by bile duct, stomach, and breast.*” However, the functional role of HER2 mutation in tumor progression and
metastasis remains unclear. In a multicenter “basket” trial using the pan-HER kinase inhibitor neratinib targeting patients with
HER2- and HER3-mutant cancers, no responses were observed in BC.® Here, we reported a HER2 mutated BC case that
clinically responded to pyrotinib, a pan-HER kinase inhibitor, who was refractory to multiple lines of treatment.

Case Presentation

A 64-year-old male initially presented with painless hematuria in September 2017 and was treated by a partial
cystectomy as stage I BC. The patient showed local recurrence in August 2018 and underwent transurethral resection
of bladder tumor (TURBT) followed by regular intravesical chemotherapy with epirubicin after TURBT. In March 2020,
the patient approached to our hospital complaining about severe anorexia and fatigue. Subsequent FDG-PET/CT scan
showed bladder recurrence with local invasion of the adjacent right lower ureter, resulting in the upper urinary tract
dilation. Multiple lymph node metastasis, liver metastasis and lumbar metastasis (L5) were also identified (Figure 1A).

Cancer Management and Research 2022:14 2927-2932 2927
Received: 6 May 2022 © 2022 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 10 August 2022
Published: 29 September 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-2765-3282
http://orcid.org/0000-0002-8604-6311
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Li et al Dove

Baseline 2 months 5.3 months 8 months 12 months

30.2x26.9mm
v/

\

)

03/1 0/2020 05/06/2020 08/20/2020 11/17/2020 03/11/2021
B .
Pyro(400mg)  Tisle*4C +Pyro(240mg)
ABX*1C Durva+GEMOX*4C Passed alway
05/29 10/25 2021/03/10 07/11
G3 Diarrhea ) G2 Diarrhea BSC
Scr 204pmol/L PD Scr 156pmol/L t‘g] PD
US placement @ US removal
C 6000 Pyro(400mg)
5000
€ 4000
2
o 3000 BSC
@ +Pyro(240mg) l
8 2000 Tisle*4C  Durva+GEMOX*4C l

Figure | Clinical course of the patient. (A) Serial PET/CT images of primary tumor lesion, liver metastasis, abdominal lymph node metastasis and reconstruction of coronal

plane at different stages of treatment; (B) Timeline of clinical events. (C) Level of CAI99 during the treatment.
Abbreviations: PD, progressive disease; SUV, standardized uptake value; ABX, albumin-bound paclitaxel; Pyro, pyrotinib; Tisle, tislelizumab; Durva, durvalumab; GEMOX,

oxaliplatin and gemcitabine; US, ureteral stent; Scr, Serum creatinine; BSC, best supportive care.
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Ureteral stent placement was performed due to obstructive renal insufficiency and hepatic biopsy confirmed metastatic
high-grade urothelial carcinoma with positive PD-L1 expression on 1% of the tumor cells. Then, next-generation
sequencing (NGS) by a commercial laboratory (Genecast Biotechnology Co., Ltd, Jiangsu, China) identified ERBB2
p-V842I in both circulating tumor DNA (ctDNA) and biopsy sample with an allele frequency of 3.94% and 26.07%,
respectively (Figure 2).

The patient received one cycle of palliative reduced-dose albumin-bound paclitaxel due to elevated serum creatinine
level (Scr 204pumol/L). The tumor biomarker CA199 was even higher after first cycle chemotherapy (Figure 1C) without
any relief of his symptoms. Based on his NGS result, pyrotinib (400mg orally daily) was started from April 10, 2020.
Within one month, his tumor markers dramatically improved with remission of clinical symptoms (Figure 1C). Due to
renal dysfunction, the patient performed FDG-PET/CT scan for treatment efficacy assessment, which showed signifi-
cantly decreased FDG uptake of multiple metastatic sites in May 2020 (Figure 1A). Even though the overall response
was considered stable based on the RECIST 1.1 criteria, the decrease in FDG uptake and remission of clinical symptoms
indicated the patient responded well to the HER?2 targeting therapy. However, he developed G3 diarrhea and terminated
the medication on May 20, 2020 (The pyrotinib treatment lasted for 40 days). The third-line treatment with the PD-1
inhibitor tislelizumab (200mg every three weeks) was next started but the disease progressed after 2 months (Figure 1A).
ctDNA was collected in August 2020 and ERBB2 p.V842I with an allele frequency of 2.06% was identified by NGS.
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Figure 2 Dynamic profiling of somatic mutations in ctDNA.
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Ureteral stent removal was performed with improved renal function. Four cycles of PD-L1 inhibitor durvalumab,
oxaliplatin and gemcitabine were administered, but level of CA199 gradually increased. NGS was performed again
showing the same ERBB2 mutation with an allele frequency of 1.58%. Reduced dose of pyrotinib (240mg orally daily)
was added, the patient’s tumor again responded with significant improvement of CA199 within 20 days. Dynamic
monitoring of the ctDNA again confirmed ERBB2 p.V842I by NGS with a lower allele frequency of 0.41% (Figure 2).
The regimen was generally tolerated this time but the tumor marker gradually increased in this patient. PET/CT
evaluation revealed disease progression in March 2021, and the treatment was then discontinued (Figure 1A). The
length of time for reduced pyrotinib therapy was 4.5 months. The patient passed away on July Ist, 2021, and the post-
recurrence survival was 16 months.

Discussion and Conclusion

In this case, we described a patient with metastatic urothelial carcinoma of the bladder harboring HER2 V842I mutation,
who was treated with pyrotinib and responded well to the anti-HER2 therapy. The post-recurrent survival was 16 months
in this patient, longer than the median overall survival of advanced bladder cancer patients (12—14 months).” To our
knowledge, this is the first reported case of HER2 V842 mutation successfully treated with pyrotinib in bladder
urothelial carcinoma (BUC).

ctDNA has emerged as an invaluable tool in the development of personalized medicine. However, ctDNA assay is
much less widely used in BC than that in other cancer types like lung cancer.®’ In our case, targeting HER2 V842I
mutation achieved satisfactory benefits under the guidance of ctDNA monitoring, suggesting ctDNA detection has a
potential role in selecting cancer patients for targeted treatment. For newly diagnosed and relapsed patients, NGS of
tissue and ctDNA should be performed at the same time. However, considering the difficulty of obtaining biopsy
samples, ctDNA monitoring was recommended during treatment. In addition, studies have shown that CA199 was a
serum marker of poor prognosis in urothelial carcinoma.'® In this case, the patient showed clinical symptom remission
after pyrotinib administration, associated with a decrease of CA199, which might provide important clues on the disease
diagnosis and treatment.

With a frequency of 0.09%,> V8421 is an activating HER2 mutation located in tyrosine kinase domain (TKD)."'
V8421 mutation has been confirmed to strongly increase the phosphorylation of signal proteins and activate specific
PI3K/Akt and MAPK pathways in vivo.'> '* However, contradictory results have also been reported based on in vitro
studies.'” Besides pre-clinical findings, clinical evidence for targeting HER2 V842l is also inconclusive. In a “basket”
trial using the pan-HER kinase inhibitor neratinib targeting patients with HER2- and HER3-mutant cancers, three
colorectal cancer patients and one endometrial cancer patient with the V8421 mutation suffered progressive disease
after anti-HER?2 therapy.® Therefore, there is still a lack of pre-clinical and clinical evidence on the role of HER2 V8421
mutation in BC.

Anti-HER?2 therapies have been found to be effective in HER2-mutated lung cancer and breast cancer patients.
However, no responses were observed in BC or colorectal cancer, suggesting linecage-dependent resistance to certain
single-agent pan-HER kinase inhibition in these tumor types.®'® Therefore, it is urgent to explore suitable anti-HER2
therapies for HER2-mutated BC patients. Pyrotinib is an oral, irreversible, pan-ErbB tyrosine kinase inhibitor against
HER1, HER2, and HER4. In August 2018, pyrotinib obtained its first global conditional approval in China for HER2-
positive, advanced or metastatic breast cancer patients.'’ Pyrotinib plus capecitabine significantly improved patients’
objective response rate and progression-free survival compared with lapatinib plus capecitabine in metastatic breast
cancer.'®!” Additionally, previous studies have demonstrated favorable antitumor activity of pyrotinib in the patient-

1.%° Clinical trials also have shown that pyrotinib exhibited high efficacy in

derived HER2-mutant cancer xenograft mode
NSCLC patients harboring activating HER2 mutations.?'-** Therefore, pyrotinib therapy was considered as an option for
the late-line treatment in HER2 mutant cancer patients. Large clinical trials should be conducted to verify the treatment
efficacy of pyrotinib in HER2 amplified or mutant cancers. Diarrhea was the most common adverse effect for patients
using pyrotinib with a probability of 40%. Compared with other tyrosine kinase inhibitors, pyrotinib was more lipophilic,
providing better passive absorption with less gastrointestinal adverse effects. Most diarrhea events caused by pyrotinib

were minor, only 10.7-15.4% reached grade 3 and were generally manageable.'®?*-** In our case, the patient developed
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severe diarrhea, resulting in the dose reduction of pyrotinib. Hence, future work includes exploring the best treatment

efficacy with manageable toxicity in targeted therapy.

Here, we have presented a patient with recurrent metastatic BUC with HER2 V842I mutation who showed clinical

benefits when treated with pyrotinib. To date, clinical evidence on the efficacy of anti-HER2 therapy in BC is minimal.

BC patients with HER2 activating mutation represent a population with significant unmet needs. In this case, pyrotinib

therapy might be considered an optional treatment for BUC patients harboring HER2 activating mutation, the mechanism

of which needs further exploration.
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