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Abstract

BACKGROUND

Immune checkpoint inhibitors, including programmed death-ligand 1 (PD-L1)
and programmed death-1 (PD-1) have recently been approved to treat locally
advanced and metastatic urothelial carcinoma (UC). However, some patients

experience rapid tumor progression rather than any clinical benefit from anti-PD-
L1/PD-1 therapy.

CASE SUMMARY

A 73-year-old woman with bladder UC showed the progression of multiple
metastases after surgery and chemotherapy for over 12 mo. The patient could not
tolerate further chemotherapy. Next-generation sequencing was performed, and
the results indicated that the tumor mutational burden was 6.4 mutations/Mb.
The patient received the anti-PD-L1 agent toripalimab combined with albumin-
bound paclitaxel. Compared with the baseline staging before immunotherapy, the
patient had a treatment failure time of < 2 mo, an increase in tumor burden of >
50%, and a > 2-fold increase in progression, indicating hyperprogression.

CONCLUSION

Selecting patients most likely to respond to treatment with immunotherapeutic
agents remains challenging. For older patients with advanced UC who have
already exhausted multi-line chemotherapy options, immunotherapy should be
used prudently if no effective biomarker is available. Further studies are required
to clarify the causes and mechanisms of hyperprogression.
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Core Tip: We report a patient with bladder urothelial carcinoma (UC) who received anti- programmed death-ligand 1 agent
toripalimab after surgery and chemotherapy over 12 mo had a treatment failure time less than 2 mo and showed a hyperpro-
gression. Currently, it is still a challenge to select the patients most likely to respond to treatment with immunotherapeutic
agents. For elderly patients with advanced UC, immunotherapy should be used prudently if there is no clear effective
biomarker. In this case presentation, we include information on genetic alterations. With continued clinical trials and basic
research, the risk factors for immunotherapy-related hyperprogressive disease will become clearer.
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INTRODUCTION

Over 80500 new bladder cancer cases and 32900 deaths were estimated to have occurred in 2016, making it the 12" most
frequent cancer and the leading cause of cancer-related deaths in China[l]. More than 90% of bladder cancers are
urothelial carcinomas (UC). Cisplatin-based chemotherapy is the standard first-line treatment that prolongs the survival
of patients with advanced UC; however, up to two-thirds of the patients are ineligible because of impaired performance
status or comorbidities[2]. Immune checkpoint inhibitors (ICIs) have become the standard of care for patients with
multiple cancer types[3-5]. ICIs have been shown to produce durable objective responses and are well tolerated in
patients with metastatic UC. New immunotherapies also result in novel tumor response patterns, such as delayed tumor
response and pseudoprogression[5-7]. However, immunotherapy can produce opposing effects in a subset of patients, as
described by Champiat et al[8]. Approximately 4%-29% of patients receiving immunotherapy develop immune hyperpro-
gression[8-10], which is defined as a time-to-treatment failure (TTF) of <2 mo, > 50% increase in tumor burden compared
with pre-immunotherapy imaging, and > 2-fold increase in progression rate[9]. Several studies have suggested that
specific alterations may be associated with hyperprogression[9,11]. We recently identified a patient whose disease
accelerated paradoxically after immunotherapy. Here, we describe a case of hyperprogression and its corresponding
genomic profile.

CASE PRESENTATION

Chief complaints
A 73-year-old woman with UC showed the progression of multiple metastases.

History of present illness
Tumor showed the progression after surgery and chemotherapy over 12 mo.

History of past illness

No previous complaints of discomfort.

Personal and family history
She denied any family history of malignant tumours.

Physical examination

On physical examination, the vital signs were as follows: Body temperature, 36.5 °C; blood pressure, 125/79 mmHg; heart
rate, 85 beats per min; respiratory rate, 18 breaths per min. Flat abdomen, no abdominal varicose veins, no abdominal
muscle tension, no tenderness, no rebound pain, no liquid wave tremor, no water vibration sound, some abdominal
subcutaneous mass.

Laboratory examinations
No abnormality was found in routine blood, urine analyses.
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Imaging examinations
In November 2018, positron emission tomography/computed tomography showed multiple subcutaneous metastases in
the whole body.

FINAL DIAGNOSIS

Combined with the patient’s medical history, the final diagnosis was urothelial bladder carcinoma.

TREATMENT

We performed a fine-needle biopsy of the abdominal subcutaneous mass, and the immunohistochemistry results
suggested that the lesion was indeed a metastatic UC (Figure 1). Immunohistochemistry is a widely used diagnostic
technique in histopathology. This technique utilizes the principle of specific binding of an antigen to an antibody to
identify intracellular antigens in tissues via a color-producing chemical reaction[12]. At the end of 2018, the patient began
receiving gemcitabine (1.6 g, d1.8, q3w) in combination with cisplatin (30.0 mg, d1-3, q3w) chemotherapy at our
department. However, after two cycles of chemotherapy, the volume of the subcutaneous nodules increased. The patient
was then switched to pemetrexed for four cycles of monotherapy, and the efficacy was evaluated as a partial response.
However, because of 4"-degree myelosuppression, the patient could not tolerate chemotherapy any further. Pre-immuno-
therapy and next-generation sequencing (NGS)[13] were performed (mean coverage depth > 1000 for up to 576 genes),
and the results showed multiple genetic alterations (Table 1). NGS is a significant step forward in Personalized Medicine,
as it enables the detection of somatic driver mutations, resistance mechanisms, quantification of mutational burden, and
germline mutations. Moreover, the NGS results indicated that the microsatellites were stable, and the tumor mutational
burden was 6.4 mutations/Mb. These results suggest that ICI therapy may be effective in this patient. Therefore, in early
May 2019, the patient started receiving the anti-programmed death-ligand 1 (PD-L1) agent toripalimab (240 mg, d1, q3w)
in combination with albumin-bound paclitaxel (200 mg, d1, q3w). However, at the end of one treatment cycle, the
subcutaneous nodules had not shrunk. At the beginning of June, the original immunotherapy combined with a
chemotherapy regimen was continued until the subsequent treatment.

OUTCOME AND FOLLOW-UP

Unfortunately, after two cycles of immunotherapy combined with chemotherapy, repeat imaging performed half a month
later confirmed progression. Some subcutaneous nodules and intrapelvic metastases increased significantly, indicating
that the patient possibly experienced hyperprogression after immunotherapy (Figures 2 and 3). Subcutaneous nodular
metastases in multiple parts of the body increased by > 2 times compared with those before immunotherapy. Compared
with the baseline staging before immunotherapy, the patient had a treatment failure time of <2 mo, an increase in tumor
burden of > 50%, and a 2-fold increase in progression, which indicated hyperprogression. As the bone marrow
suppression of the patient improved and the blood cell count returned to normal, pemetrexed chemotherapy was
resumed.

DISCUSSION

Advanced UC has a poor prognosis, especially in patients who undergo ineffective or poorly tolerated chemotherapy
[14]. First-line chemotherapy is often not well-tolerated and is associated with a short response duration. Data from
clinical trials suggest that the median overall survival of patients with advanced UC receiving platinum-based
chemotherapy is approximately 12-16 mo[15]. Moreover, after the failure of first-line chemotherapy, metastatic UC is a
universally fatal malignancy, with a median survival of 7 mo. In 2014, a phase Ia clinical trial of atezolizumab revealed
noteworthy activity in metastatic UC, establishing a new era of IClIs for treating UC[16]. ICIs, such as programmed death-
1 (PD-1) and PD-L1 antibodies, have demonstrated superiority over chemotherapy for treating advanced UC in second-
line settings. Since 2016, five checkpoint inhibitors, including PD-1 and PD-L1 antibodies, have been approved by the
Food and Drug Administration to treat advanced UC[17].

IMvigor 210, a phase II study of the PD-L1 antibody atezolizumab (1200 mg every 3 wk) for the treatment of advanced
UC, showed that higher levels of PD-L1 protein expression in immune cells were associated with a higher response rate
to atezolizumab. Additionally, longer overall survival with atezolizumab was strongly correlated with an increased
tumor mutation load. Subsequently, a phase III randomized controlled trial was conducted to compare atezolizumab
with chemotherapy in patients with locally advanced or metastatic UC who had progressed to platinum-containing
regimens. The results suggested that the overall survival did not differ significantly between patients overexpressing PD-
L1 in the atezolizumab group and those in the chemotherapy group (median 11.1 mo vs 10.6 mo, respectively; hazard
ratio = 0.87, P = 0.41)[18,19]. Another PD-L1 antibody used for treating platinum-refractory metastatic UC, durvalumab
(10 mg/kg every 2 wk), demonstrated an objective response rate of 31% in the UC expansion cohort. Patients with high
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Table 1 multiple genetic alterations

Gene Genetic variation information Gene mutation abundance
TP53 p-R273H 8 Exon 31.56%
MSTIR p-A1301G 19 Exon 8.82%
WWTR1 p-Q233del 4 Exon 3.54%
KMT2D p.P4949fs 48 Exon 17.82%
p-P4055fs 39 Exon 8.00%
p-T698A 10 Exon 9.48%
CDK8 p.Q377del 12 Exon 2.91%
PTPRT p-V769E 15 Exon 0.99%
GNAS p-R844H 8 Exon 1.69%

DOI: 10.12998/wjcc.v11.i28.6841 Copyright ©The Author(s) 2023,

Figure 1 Histological pattern of fine needle puncture of the abdominal subcutaneous nodule. A and B: Hematoxylin and eosin staining of four sites
in the fine needle biopsy specimen showed esophageal squamous cell carcinoma (magnifcation x 40); C-L: Immunohistochemistry for AE1-AE3, CgA (-), CK7 (+),
CK34Be (+), GATAS (-), Ki-67 (index 80%), P63 (-), PAX-8 (-), Syn (-), and TTF-1 (-) in a serial section of the same specimen in shows positive staining
predominantly in the tumor tissue (magnification x 40).
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Figure 2 Some subcutaneous nodules and intrapelvic metastases increased significantly, indicating that the patient possibly
experienced hyperprogression after immunotherapy. A: Subcutaneous nodules and intrapelvic nodules two weeks before starting immunotherapy
(baseline); B: After 2 cycles of immunological checkpoint inhibitor treatment, abdominal subcutaneous metastases and intrapelvic metastases were significantly
increased; C: After 2 wk of pemetrexed chemotherapy, the subcutaneous metastases of the abdominal wall, gluteus maximus metastases, and the intrapelvic
metastases did not increase significantly.

PD-L1 expression achieved a response rate of 46% and overall survival of 20 mo compared with 8 mo in the PD-L1 Low-
expression subgroup[20]. A third PD-L1 antibody, avelumab, was also approved for treating metastatic UC after
progression to platinum-based chemotherapy, based on the findings of a bladder cancer cohort in the JAVELIN phase I
program. The objective response rate (ORR) was 17%, with high PD-L1 expression enriching the response (24% compared
with only 14% in the PD-L1 Low-expression subgroup)[21].

The CheckMate 275 is a single-arm phase II study similar to the IMvigor 210 cohort 2. In this phase II study, treatment
with nivolumab (3 mg/kg every 2 wk) resulted in substantial tumor reduction and an ORR of 19.6% in patients with
platinum-refractory metastatic UC. However, the median duration of response was not attained at a median follow-up of
7 mo. Although investigators found a statistically significant improvement in overall survival among subgroups with PD-
L1 expression levels > 1%, responses were observed after ignoring PD-L1 expression[22].

Following KEYNOTE-052[23] and KEYNOTE-012[24] clinical trials characterizing the safety and efficacy of pembrol-
izumab (KEYNOTE-045), KEYNOTE-045 was designed to detect differences in overall survival and progression-free
survival, primarily in the entire cohort. The pembrolizumab group achieved a median survival of 10.3 mo, whereas the
chemotherapy group only reached 7.4 mo. Interestingly, the PD-L1 high-expression subgroups of KEYNOTE-045 did not
exhibit longer survival in either treatment arm, which was different from that of IMvigor211, in which the chemotherapy
arm fared better in the PD-L1 high-expression subgroup[25].

Notably, first-line chemotherapy is often not well-tolerated and is associated with a short response duration.
Furthermore, more than two-thirds of patients are unfit for cisplatin-based chemotherapy, and alternative carboplatin-
based regimens are associated with overall survival of < 1 year[2,26]. Given the breakthroughs in second-line immuno-
therapy for metastatic UC, immunotherapy is being used as the first-line treatment for UC, and relevant clinical trials
have achieved satisfactory results.

In the IMvigor210 study, 119 patients with advanced UC in cohort 1 were ineligible for cisplatin treatment because of
renal impairment (70%), Eastern Cooperative Oncology Group performance status (20%), hearing loss, and neuropathy.
These patients exhibited poor prognoses in the absence of cisplatin-based chemotherapy. Significantly, the ORR of the
first-line atezolizumab treatment was 23% (9% complete response and 13% partial response), which was higher than that
observed in the second-line setting.

A phase II trial of pembrolizumab for cisplatin-ineligible patients with metastatic UC enrolled 370 patients treated with
first-line pembrolizumab. The primary endpoint was the response rate for the overall cohort, which was stratified by PD-
L1 expression status using the combined positive score. The ORR was 24% for the overall cohort, and the ORR for
patients with a combined positive score > 10% was 38%[25]. These data facilitated the approval of pembrolizumab as a
first-line treatment for cisplatin-ineligible patients with advanced UC.

Considering the good ORR of ICIs in the treatment of metastatic UC, subsequent trials were initiated to broadly assess
the efficacy of PD-1/L1 blockade combined with cytotoxic chemotherapy, including gemcitabine/carboplatin,
nanoparticle albumin-bound paclitaxel, carboplatin, and oxaliplatin, in a first-line setting. Clinical trials are currently
underway. However, in May 2018, the Food and Drug Administration issued a safety alert for atezolizumab and
pembrolizumab owing to decreased survival relative to chemotherapy among PD-L1 Low-expression subgroups[27].
Therefore, the PD-1/L1 blockade is not the first-line treatment of choice for patients with advanced UC who cannot
tolerate carboplatin treatment because of advanced age or comorbidities with low PD-1 expression.

Although immunotherapy has made great progress as the first- and second-line treatment for advanced UC, its ORR is
not very high. However, selecting patients who are most likely to respond to treatment with immunotherapeutic agents
remains challenging. Our patient did not respond to the ICI. Immunotherapy may also result in a unique response
pattern known as pseudoprogression, where tumors initially appear larger on imaging, but the lesions subsequently
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Figure 3 The size of the upper arm metastasis after 2 cycles of inmunotherapy increased by 225% compared with the baseline before
immunotherapy. A and B: Baseline: 2.58 mm x 1.64 mm; C and D: 1% evaluation: 4.77 mm x 4.16 mm.

regress[28]. Moreover, pseudoprogression differs from hyperprogression. Pseudoprogression is defined as < 50% increase
in tumor burden compared with pre-immunotherapy imaging within 2 mo, and the symptoms of patients should not be
more severe than that of pre-immunotherapy. In this case, an older patient with metastatic UC and several gene amplific-
ations or mutations, who did not receive radiation therapy, progressed after immunotherapy for less than 2 mo. This
indicated that the ICI-associated progression was not pseudoprogression but true hyperprogression.

Immunotherapy-induced hyperprogression is a well-known phenomenon that has been recently described. Champiat
et al[8] demonstrated that 9% of patients (12/131) showed hyperprogression compared with baseline imaging. In
addition, older age (> 70 years) was associated with hyperprogression. Champiat et al[8] analyzed 218 patients treated
with anti-PD-1 or anti-PD-L1 monotherapy. They found 131 patients (60%) with a clinically meaningful tumor growth
rate and eventually identified 12 patients with hyperprogressive disease (HPD), representing 9% of the evaluable
patients. Furthermore, they analyzed the patient characteristics and their associations with HPD using continuous
variables. However, they only observed an association between the HPD status and mean age (66 years vs 55 years, P =
0.007). Patients aged > 65 years had a 19% (7/36) rate of HPD compared with only 5% (5 of 95) of patients aged < 64 years
(P = 0.018). More than three independent phase III trials have indicated that older patients benefit less from immuno-
therapy than younger patients[3,29]. The median overall survival of patients with HPD was 4.6 mo less than that of
patients without HPD. Champiat et al[8] also observed a significant inverse correlation between the tumor growth rate at
baseline and response to anti-PD-1/PD-L1 (P = 0.0039). Other studies have shown that slow-growing tumors are less
likely to respond, in contrast to what was previously observed with targeted therapy[30,31]. A total of 49 patients had
HPD at the first evaluation according to the Response Evaluation Criteria in Solid Tumors, and patients with HPD
exhibited a lower rate of new lesions than those without HPD (33% vs 84%, P = 0.0019). Furthermore, patients who
exhibited a rapid growth rate only in the new lesions were not considered to have HPD.

Kato et al[9] investigated potential genomic markers associated with hyperprogression after immunotherapy and
analyzed 155 patients who underwent immunotherapy and molecular profiling. The results showed that the epidermal
growth factor receptor (EGFR) [odds ratio (OR): 10.2; P = 0.002], mouse double-minute 2 homolog (MDM2)/4 (OR > 11.9;
P =0.001), and DNA methyltransferase 3 alpha (DNMT3A) (OR 9.33; P = 0.03) were significantly associated with poor
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clinical outcomes and a TTF of < 2 mo. Four of the six patients with MDM2 family amplifications had a TTF of <2 mo and
demonstrated hyperprogression with an increase in lesions compared with pre-immunotherapy. Another two MDM2/
MDM4-amplified patients also demonstrated rapid clinical deterioration. Similarly, 80% of the patients with EGFR
alterations had a TTF of < 2 mo. Two (20%) patients showed rapid hyperprogression. Among the five patients with
DNMT3A alterations, four had a TTF of < 2 mo, but it was impossible to determine whether the patient had a clear HPD
because of incomplete data. This study suggested that patients for whom anti-PD1/PDL1 monotherapy is planned may
require genomic testing to determine whether they harbor specific alterations associated with hyperprogression.
However, the relationship between age and HPD was not determined in this study. Therefore, the precise risk factors of
HPD remain unknown.

TP53, the center of tumor suppression, was discovered during viral infections and has been shown to play a significant
role in immunity and inflammation. However, mutant p53 not only cripples immune functions but also subverts them
through its neomorphic gain-of-functions, which promote tumorigenesis, metastasis, and invasion, indicating that the
guardian of immunity becomes its saboteur through mutation[32].

NGS of our patient revealed a TP53 mutation abundance of up to 31.56%, which may indicate disruption of the innate
tumor immune function and alteration of the tumor microenvironment. We speculate that using PD-L1 on this basis may
be an intra-cohort cause of accelerated cancer progression. However, because of the lack of reported cases of NGS-related
immune hyperprogression, we could not draw any conclusions.

In this case presentation, we include information on genetic alterations. With continued clinical trials and basic
research, the risk factors for immunotherapy-related HPD will become clearer. Genetic changes in this patient, which may
or may not be related to immune hyperprogression, have not been previously reported. However, we could not obtain
sufficient tissue samples to perform immunohistochemical staining for PD-L1. Therefore, it was not possible to determine
whether the patient was suitable for ICI treatment.

CONCLUSION

In summary, older patients with metastatic UC who have undergone multiline chemotherapy should be closely
monitored when treated with anti-PD1/PD-L1 agents. Although it is clear that there are no risk-related genetic alterations
that promote immune hyperprogression. Further translational studies with more patients and larger validation cohorts
are urgently required.
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