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Abstract

BACKGROUND

Immune checkpoint inhibitors (ICIs) targeting the programmed death (PD)-1
pathway have substantially changed the clinical management of metastatic
urothelial carcinoma (mUC); however, the response rate remains low. There are
ongoing efforts to identify robust biomarkers that can effectively predict the
treatment response to ICIs. Previous studies have suggested that ERBB2/3
mutations are associated with the efficacy of ICls in gallbladder carcinoma.

CASE SUMMARY

We present a 59-year-old man with mUC harboring ERBB2/3 mutations (in-frame
insertion of ERBB2 and ERBB3 amplification), negative PD-ligand 1 expression,
and low tumor mutation burden. He received anti-PD-1 antibodies and paclitaxel
as second-line treatment. After two cycles of treatment, the lung metastases had
significantly shrunk, achieving good partial remission. After six cycles of
combination therapy, the patient received sindilimab 200 mg once every 3 wk as
maintenance monotherapy. At the last follow-up, the patient continued to exhibit
a partial response and progression-free survival for as long as 19 mo.
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CONCLUSION
ERBB2/3 mutations may represent a predictive biomarker for selecting a subgroup of mUC
patients who will benefit from IClIs.

Key Words: Urothelial carcinoma; Bladder cancer; ERBB; Programmed death; Sindilimab; Case report
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Core tip: Immune checkpoint inhibitors (ICIs) have substantially changed the clinical management of
metastatic urothelial carcinoma (mUC); however, the response rate to monotherapy remains low. Previous
studies have suggested that ERBB2/3 mutations are associated with the efficacy of ICIs in gallbladder
carcinoma. The present case of mUC harboring ERBB2/3 mutations, negative programmed death (PD)-
ligand 1 expression, and low tumor mutation burden showed durable response to anti-PD-1 antibodies
combined with paclitaxel as second-line treatment. Further studies are required to investigate this finding.

Citation: Yan FF, Jiang Q, Ru B, Fei XJ, Ruan J, Zhang XC. Metastatic urothelial carcinoma harboring ERBB2/3
mutations dramatically respond to chemotherapy plus anti-PD-1 antibody: A case report. World J Clin Cases 2022,
10(8): 2497-2503

URL: https://www.wjgnet.com/2307-8960/full/v10/i8/2497 htm

DOI: https://dx.doi.org/10.12998/wjcc.v10.i8.2497

INTRODUCTION

Bladder cancer is considered to be one of the most aggressive neoplasms worldwide[1]. For patients
with distant metastases, the 5-year survival rate is as low as approximately 5%[2]. Cisplatin based
combination regimens have remained the standard first-line treatment for metastatic urothelial
carcinoma (mUC) over the past decade. In the past, following the failure of first-line chemotherapy,
paclitaxel, docetaxel, ifosfamide or gemcitabine monotherapy have been the most commonly used
drugs, but are associated with low efficacy.

Several immune checkpoint inhibitors (ICIs) have been approved in recent years as first-line
treatment for patients who ineligible to cisplatin or as second-line treatment for patients with mUC of
the bladder. Despite the success of immune checkpoint blockades as a strategy for activating an
antitumor immune response and promoting cancer regression, only a subset of patients experienced a
durable clinical benefit. However, low objective response rates (13%-31%) have been observed in mUC
[3-5].

The level of programmed death (PD)-1 expression and tumor mutation burden (TMB) are the two
most commonly used predictive biomarkers but they are not sufficient[6-9]. Therefore, there is an urgent
need to identify biomarkers that can predict patient response or resistance to ICIs. Several clinical trials
have attempted to identify robust biomarkers that can effectively predict the treatment response to ICIs
in a subgroup analysis, including high levels of microsatellite instability (MSI-H), a mismatch repair
deficiency (AMMR)[10], or tumor infiltrating cytotoxic T lymphocytes (TILs)[11,12]. It is suggested that
ERBB2/3 mutations are associated with the efficacy of ICIs[13].

Here, we report a case of mUC harboring ERBB2/3 mutations, in which the level of PD-1 expression
was negative and TMB was 3.4/Mb, demonstrating a durable response to anti-PD-1 antibodies in
combination with chemotherapy as second-line therapy.

CASE PRESENTATION

Chief complaints
A 59-year-old man presented to our department complaining of bloody sputum for 2 wk on March 2020.
He was diagnosed with urothelial cancer > 13 years ago.

History of present illness

In May 2006, the patient presented with intermittent hematuria for 6 mo. On June 18, 2006, he received
transurethral resection of bladder tumor in a local hospital, and immunohistochemistry revealed
invasive UC (grade 3). Due to repeated local recurrence, the patient underwent repeated (10 times)
transurethral resection of bladder tumor from June 2006 to July 2017. On July 5, 2017, the patients
received laparoscopic total cystectomy and ileal neobladder. Postoperative pathology showed high-
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grade papillary UC (WHO grade III) with muscularis invasion (rpT,N,M,, stage II). Pathology
confirmed that the surgical margin was negative. In July 2018, the patient presented to a local hospital
because of intermittent hematuria for 1 mo. Cystoscopy showed urethral neoplasm. Resection biopsy of
the neoplasm confirmed high-grade papillary UC (WHO grade III). The TNM stage was 1T ;N M,, stage
IV. The patient received six cycles of gemcitabine and cisplatin (GP) as first-line chemotherapy from July
7, 2018 to January 19, 2019. In March 2020, the patient presented to our department complaining of
bloody sputum for 2 wk.

History of past illness

In May 2006, the patient presented with intermittent hematuria for 6 mo. On June 18, 2006, he received
transurethral resection of bladder tumor in local hospital, and the immunohistochemistry results
revealed invasive urothelial cancer (grade 3). Due to repeated local recurrence, the patient received
repeated (10 times) of transurethral resection of bladder tumor from June 2006 to July 2017. On July 5,
2017, the patients received laparoscopic total cystectomy and ileal neobladder, the postoperative
pathology showed high-grade papillary urothelial carcinoma (WHO grade III) with muscularis invasion
(rpT,N,M,, stage II). Pathology confirmed that the surgical margin was negative. In July 2018, the
patient presented to local hospital for intermittent hematuria for 1 mo. The cystoscope showed
neoplasm on urethra. The resection biopsy of the neoplasm confirmed high-grade papillary urothelial
carcinoma (WHO grade III). The TNM stage was rTN,M,, stage IV. The patient received six cycles of GP
(gemcitabine and cisplatin) as first-line chemotherapy from July 7, 2018 to January 19, 2019. On March
2020, the patient presented at our department complaining of bloody sputum for half a month.

Personal and family history
The patient’s previous medical history was hypertension, without a family history of cancer.

Physical examination
The Eastern Cooperative Oncology Group score was 0 to 1, and the numeric pain intensity scale score
was 0. There was an old surgical scar of about 11 cm in the lower abdomen.

Laboratory examinations

Routine blood examination, blood biochemistry and urinalysis were normal. Serum tumor markers
including -fetoprotein, carcinoembryonic antigen, cancer antigen (CA)125, CA 19-9, and ferritin were
routinely monitored, and all were normal.

Imaging examinations

Electrocardiography was normal. Chest computed tomography (CT) showed multiple lung metastases
(Figure 1A). Enhanced abdominal CT showed postoperative changes of bladder cancer. Next-generation
sequencing (NGS) showed PD-ligand 1 (PD-L1) < 1%, TMB 3.4/Mb, in-frame insertion of ERBB2
[c.2313-2323dup ATACGTGATGGC (p.Y772-A775dup), 21.6%] and ERBB3 amplification (2.5 times).

FINAL DIAGNOSIS
mUC (cT,NM,, stage IV).

TREATMENT

The patient refused CT-guided percutaneous lung biopsy. Since March 19, 2020, the patient received six
cycles of paclitaxel 300 mg plus sindilimab 200 mg once every 3 wk as second-line therapy and
subsequently received sindilimab 200 mg once every 3 wk as maintenance treatment.

OUTCOME AND FOLLOW-UP

After two cycles of treatment, chest CT revealed that the lung metastases were markedly reduced in size
(Figure 1C and D). After six cycles, chest CT revealed further reduction of the lung metastases
(Figure 1E and F). The patient received review irregularly in a local hospital or in our central hospital.
At the time of the last follow-up on July 5, 2021, the patient exhibited a durable partial response
(Figure 1G and H) and progression-free survival (PFS) was 19 mo. No obvious side effects were
observed and the patient was satisfied with the treatment.
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Figure 1 Results of chest computed tomography. A and B: Before second-line chemotherapy; C and D: After two cycles of treatment; E and F: After six
cycles of treatment; G and H: At last follow-up.

DISCUSSION

ICIs have revolutionized the treatment of a range of solid tumors, including lung cancer, melanoma,
esophageal cancer, and colorectal cancer with MSI-H for their durable clinical benefit and lower toxic
effects[14,15]. Since 2016, US Food and Drug Administration has approved five ICIs (atezolizumab,
nivolumab, pembrolizumab, avelumab and durvalumab) the for the treatment of mUC (Table 1).
Although ICIs are effective at treating metastatic urothelial bladder cancer, only a small proportion of
patients receive a definite benefit. Currently, no single biomarker can clearly predict treatment response.
To better predict the patients who are the mostly likely to benefit from ICIs, several ongoing trials have
been conducted to identify effective biomarkers. With the wide application of NGS, an increasing
number of new biomarkers are being discovered.

The epidermal growth factor receptor (EGFR) family of receptor tyrosine kinases consists of four
members: EGFR1/ERBB1/HER1, ERBB2/HER2, ERBB3/HER3, and ERBB4/HER4(16). Signaling
through these receptors regulates many key cellular activities, including cell division, migration,
adhesion, differentiation and apoptosis[17]. ERBB2/3 mutations (including point mutations and
amplification) are observed in many types of solid tumors (e.g., breast cancer, gastric cancer, lung cancer
and UC). An ERBB2 in-frame insertion into exon 20 has been associated with tyrosine kinase inhibitor
resistance in lung adenocarcinoma[18]. Moreover, ERBB3 overexpression has been associated with
resistance to a large number of therapies in some cancers[19,20]. ERBB2/3 mutations are associated with
the treatment efficacy of PD-L1 monoclonal antibodies for gallbladder carcinoma[13]. ICI monotherapy
after the failure of first-line treatment is another reason for the low response rate associated with IClIs.
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Table 1 United States Food and Drug Administration approval of immune checkpoint inhibitors in urothelial carcinoma

Anti-PD-L1

antibodies Approvals of FDA Clinical trials

US FDA approval of anti-PD-L1 antibodies in UC

Atezolizumab May 18, 2016: As second-line monotherapy for patients with locally advanced or metastatic urothelial carcinoma IMvigor 210
(UC) who have disease progression during or following platinum-containing chemotherapy or have disease
progression within 12 mo of neoadjuvant or adjuvant treatment with platinum-containing chemotherapy

Initial approval April 2017 and modified June 19, 2018 (restricted to PD-L1+): as first-line monotherapy for patients ~ IMvigor 210,
with locally advanced or metastatic UC who: 1) are not eligible for cisplatin-containing chemotherapy and whose IMvigor130
tumors express PD-L1 (PD-L1 stained tumor-infiltrating immune cells covering > 5% of the tumor area), as

determined by an FDA-approved test, or 2) are not eligible for any platinum-containing chemotherapy regardless of

PD-L1 status

Avelumab May 9, 2017: As second-line monotherapy for patients with locally advanced or metastatic UC whose disease JAVELIN1b
progressed during or following platinum-containing chemotherapy or within 12 months of neoadjuvant or adjuvant
platinum-containing chemotherapy

June 30, 2020: As maintenance treatment for patients with locally advanced or metastatic UC that has not progressed JAVELIN
with first-line platinum-containing chemotherapy Bladder 100

Durvalumab May 1, 2017: As second-line monotherapy for patients with locally advanced or metastatic UC who have disease NCT01693562
progression during or following platinum-containing chemotherapy or who have disease progression within 12 mo
of neoadjuvant or adjuvant treatment with platinum-containing chemotherapy

US FDA approval of anti-PD-1 antibodies in UC

Anti-PD-1 Approvals of FDA Clinical trials
antibodies
Nivolumab February 2, 2017: As second-line monotherapy for patients with locally advanced or metastatic UC who have Checkmate 275

disease progression during or following platinum-containing chemotherapy or have disease progression within 12
months of neoadjuvant or adjuvant treatment with a platinum-containing chemotherapy.

Pembrolizumab ~ May 18, 2017: As second-line monotherapy for patients with locally advanced or metastatic UC who have disease Keynote-045
progression during or following platinum-containing chemotherapy or within 12 mo of neoadjuvant or adjuvant
treatment with platinum-containing chemotherapy

May 18, 2017: As first-line monotherapy for patients with locally advanced or metastatic UC who are not eligible for ~Keynote-052
cisplatin-containing chemotherapy.

UC: Urothelial carcinoma; FDA: Food and Drug Administration; US: United States; PD-L1: PD-ligand 1; PD-1: Programmed death-1.

Ongoing trials are investigating the regimens of ICIs combined with chemotherapy. The rationale is
chemotherapy induces immunogenic cell death resulting in tumor antigens releasing and increasing
MHC-I-mediated tumor antigen presentation which may enhance the effects of the immune response
within the tumor. Another mechanism is directly modulating the activity and/or quantity of
immunosuppressive cellular subsets[21,22]. Several trials have explored the efficacy of ICIs in
combination with chemotherapy for mUC. IMvigor-130 is a double blind, three-arm, multicenter, phase
3 trial investigating the use of atezolizumab as monotherapy or combined with platinum-based
chemotherapy comparing with chemotherapy alone as first-line treatment for patients with locally
advanced or metastatic bladder carcinoma[23]. The addition of atezolizumab to platinum-based
chemotherapy as a first-line treatment prolonged PFS in patients with mUC (mPFS 8.2 mo (95%CI: 6.5-
8.3) in the atezolizumab plus platinum-based chemotherapy group and 6.3 (6.2-7.0) mo in the placebo
plus platinum-based chemotherapy group (stratified hazard ratio: 0.82, 95%ClI: 0.70-0.96; one-sided P =
0.007). In addition, the median overall survival was 16.0 (13.9-18.9) mo in the atezolizumab plus
platinum-based chemotherapy group and 13.4 (12.0-15.2) mo in the placebo plus platinum-based
chemotherapy group (0.83, 0.69-1.0; one-sided P = 0.027). A similar three-arm, multicenter, phase 3
clinical trial (KEYNOTE-036) was established to investigate pembrolizumab as a monotherapy or
combined with platinum-based chemotherapy against standard chemotherapy plus a placebo as first-
line treatment. A phase 2 study also investigated cisplatin combined with gemcitabine plus ipilimumab
compared with chemotherapy alone for patients with mUC. The objective response rate was as high as
69% and the completed response rate was 17%|2].

We first reported metastatic bladder UC harboring an ERBB2 in-frame insertion in an exon 20
mutation and ERBB3 amplification treated with paclitaxel plus sindilimab as second-line treatment.
Although PD-L1 expression was negative and the TMB was low, the patient still achieved a durable
response, with lung metastases being significantly reduced. At the last follow-up, the PFS was 19 mo.
We will continue to focus on the follow-up treatment of this patient. However, we only included one
case in this report, further studies and cases are required to confirm the relationship between ERBB2/3
mutations and response to ICIs in mUC.
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CONCLUSION

This case indicates that mUC patients with ERBB2/3 mutations may benefit from ICIs. Further studies
and cases are required to explore the ability of ERBB2/3 mutations to predict the efficacy of ICls.
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