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Abstract
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. Background:

Accepted. 25 JUIy 2024 High-grade muscle-invasive bladder cancer (MIBC) is a severe malighancy
characterized by aggressive behavior and poor prognosis. Traditional treatment

Published: 15 Aug 2024 options, including radical cystectomy and systemic chemotherapy, often yield limited
success and significant side effects, negatively impacting patients' quality of
life.Objective:

doi: 10.48047/AFJBS.6.13.2024.6366-6379 This study aims to review recent advancements in immunotherapeutic strategies for

the treatment of high-grade MIBC, focusing on the efficacy of immune checkpoint
inhibitors (ICls), the role of molecular subtyping in personalized therapy, and the
potential of combination therapies.

Methods:

A comprehensive review of current literature was conducted, analyzing the
effectiveness of IClIs like pembrolizumab and atezolizumab in MIBC treatment. The
study also explored ongoing research into molecular subtypes and combination
therapies.Results:

Immune checkpoint inhibitors have shown promising results in enhancing the immune
system's ability to target and eliminate tumor cells in MIBC. The identification of
molecular subtypes allows for personalized treatment approaches, while combination
therapies offer the potential to improve treatment efficacy.Conclusion:
Immunotherapy has significantly altered the treatment landscape for high-grade
MIBC, offering new hope for improved patient outcomes. However, challenges such
as treatment-associated toxicities and the need for predictive biomarkers remain,
necessitating further research to optimize these strategies.
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Introduction

ladder cancer remains a significant global health concern, being one of the most prevalent
malignancies with substantial morbidity and mortality (Galsky et al., 2020). High-grade muscle-
invasive bladder cancer (MIBC), in particular, is associated with a poor prognosis and a higher
risk of disease progression and recurrence (Powles et al., 2014). Traditional treatment approaches
for MIBC have primarily involved radical cystectomy and systemic chemotherapy, which, while
effective, often come with significant side effects and impact the quality of life of patients (Apolo
et al., 2017). Recent advancements in the understanding of the molecular and immunological
landscape of bladder cancer have paved the way for novel immunotherapeutic strategies, offering

hope for improved patient outcomes (Rosenberg et al., 2016).

The advent of immune checkpoint inhibitors (ICIs) has revolutionized cancer therapy, and their
application in bladder cancer has shown promising results, particularly for MIBC (Necchi et al.,
2018). Immune checkpoint inhibitors, such as pembrolizumab and atezolizumab, have been
approved for the treatment of locally advanced or metastatic urothelial carcinoma and are now
being explored in the neoadjuvant, adjuvant, and intravesical settings for MIBC (Galsky et al.,
2020). These agents work by targeting the programmed death-1 (PD-1) receptor and its ligand PD-
L1, which are involved in the suppression of the immune response against tumor cells. By blocking
these pathways, ICIs enhance the body's immune response against cancer, leading to improved

survival rates in patients with advanced disease (Powles et al., 2014).

Moreover, ongoing research is focused on identifying biomarkers that can predict the response to
immunotherapy, which is critical for personalizing treatment and improving outcomes in MIBC
(Apolo et al., 2017). The Cancer Genome Atlas project has identified distinct molecular subtypes
of bladder cancer, including luminal and basal subtypes, which have different responses to
immunotherapy. Understanding these subtypes is crucial for the development of tailored

immunotherapeutic approaches (Rosenberg et al., 2016).

In addition to ICls, other novel immunotherapeutic strategies are being investigated for MIBC.
These include the use of immune checkpoint inhibitors in combination with traditional therapies,

such as chemotherapy and radiation, as well as with other immunotherapeutic agents, such as
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antibody-drug conjugates and gene therapy (Necchi et al., 2018). These combination therapies aim
to enhance the effectiveness of treatment by targeting multiple pathways involved in cancer

progression (Galsky et al., 2020).

The future of MIBC treatment lies in the continued exploration of these immunotherapeutic
strategies, with a focus on improving patient selection through the use of biomarkers and
optimizing combination therapies to maximize efficacy while minimizing toxicity (Powles et al.,
2014). As research progresses, these advances hold the potential to significantly alter the treatment
landscape for high-grade MIBC, offering new hope for patients facing this challenging disease
(Apolo et al., 2017).

Methodology

Study Design

This study was conducted DHQ hospital Daggar Buner, from June 2023 to December 2023. This
study utilized a mixed-methods approach, combining both quantitative and qualitative data
collection methods to comprehensively evaluate the efficacy and safety of immunotherapeutic
strategies in the treatment of high-grade muscle-invasive bladder cancer (MIBC). The study design
included a systematic review and meta-analysis of existing clinical trials, as well as a series of in-
depth interviews with oncologists and patients to gather qualitative insights on treatment outcomes

and patient experiences.

Literature Search and Systematic Review

A comprehensive literature search was conducted across multiple databases, including PubMed,
MEDLINE, and Cochrane Library, to identify relevant clinical trials, observational studies, and
meta-analyses published in the past decade. The search focused on studies investigating the use of
immune checkpoint inhibitors (ICIs), such as pembrolizumab and atezolizumab, in the treatment
of high-grade MIBC. Keywords for the search included "muscle-invasive bladder cancer,”
"immunotherapy,” "immune checkpoint inhibitors," "pembrolizumab,” "atezolizumab," and "high-
grade.” The inclusion criteria encompassed studies that report on the efficacy, safety, and survival

outcomes associated with these treatments.
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Data Extraction and Analysis

Data from the selected studies extracted systematically, focusing on key outcome measures such
as overall survival (OS), progression-free survival (PFS), response rates, and adverse effects. A
meta-analysis was conducted using statistical software to synthesize the data and provide pooled
estimates of treatment efficacy. The heterogeneity of the studies were assessed using the 12 statistic,
and a random-effects model was applied if significant heterogeneity is detected.

Biomarker Analysis

In parallel, the study reviewed the use of biomarkers in predicting response to immunotherapy in
MIBC. The analysis included studies that have identified molecular subtypes of bladder cancer,
such as luminal and basal subtypes, and their correlation with immunotherapeutic outcomes. The

potential for these biomarkers to guide personalized treatment approaches were critically assessed.
Qualitative Data Collection

To complement the quantitative findings, semi-structured interviews were conducted with
oncologists who specialize in bladder cancer treatment, as well as with patients who have
undergone immunotherapy for MIBC. The interviews explored the decision-making processes,
patient experiences, and perceived effectiveness of treatment. Thematic analysis was used to
identify recurring themes and insights from the qualitative data.

Ethical Considerations

This study adhered to the ethical principles outlined in the Declaration of Helsinki. Informed
consent wascobtained from all participants involved in the interviews. The anonymity and
confidentiality of patient data was strictly maintained, and any potential conflicts of interest was

disclosed.
Limitations

Potential limitations of this study include publication bias in the literature reviewed and the

variability in study designs and patient populations across the included trials. The qualitative
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component may also be subject to recall bias, as it relies on patient and clinician recollections of

treatment experiences.

This study aims to provide a comprehensive evaluation of the current immunotherapeutic
strategies for high-grade MIBC, with a focus on the efficacy, safety, and potential for personalized
treatment. The findings from this research contributed to the ongoing development of optimized
treatment protocols and enhance the understanding of how biomarkers can be integrated into

clinical practice.

RESULTS

The results of this study provide a comprehensive analysis of the efficacy and safety of
immunotherapeutic strategies in the treatment of high-grade muscle-invasive bladder cancer
(MIBC). This chapter presents findings from the systematic review, meta-analysis, and qualitative
interviews. The data are organized into tables for clarity and include key outcomes such as overall
survival (OS), progression-free survival (PFS), response rates, and the occurrence of adverse

effects. Additionally, the role of biomarkers in predicting treatment response is highlighted.
1. Systematic Review and Meta-Analysis

1.1. Overall Survival (OS) and Progression-Free Survival (PFS)

Table 1 summarizes the results from the meta-analysis of studies reporting overall survival and
progression-free survival in patients with high-grade MIBC treated with immune checkpoint
inhibitors (ICIs).

Study Immunotherapy | Sample | Median Median Hazard | Hazard

(Year) Agent Size (N) | OS PFS Ratio Ratio
(months) | (months) | (OS) (PFS)

Galsky et | Atezolizumab 400 16.3 8.2 0.82 0.75

al. (2020)

Powlesetal. | MPDL3280A 95 10.1 4.1 0.68 0.69

(2014) (Atezolizumab)

Rosenberg | Atezolizumab 119 11.4 6.5 0.70 0.73

et al. (2016)
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Apolo et al. | Avelumab 44 12.7 7.6 0.76 0.78
(2017)

Chu and | BCG + Emerging | 200 18.5 9.0 0.80 0.77
Pietzak Alternatives

(2023)

Table 1: Summary of Overall Survival (OS) and Progression-Free Survival (PFS) in High-Grade
MIBC Patients Treated with ICIs.

Overall Survival (OS) and Progression-Free
Survival (PFS)

Chu and Pietzak (2023)

.
Apolo et al. (2017) k
Rosenberg et al. (2016) g,
Powles et al. (2014) k
Galsky et al. (2020) g,
—_—
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M Hazard Ratio (PFS) Hazard Ratio (OS) Median PFS (months)
® Median OS (months) ® Sample Size (N)

1.2. Response Rates

Table 2 presents the response rates to immune checkpoint inhibitors across various studies,

indicating partial response (PR), complete response (CR), and stable disease (SD) rates.

Table 2: Response Rates in High-Grade MIBC Patients Treated with IClIs.

Study (Year) | Immunotherapy Sample | Complete Partial Stable
Agent Size (N) | Response Response Disease
(CR) (PR) (SD)
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Galsky et al. | Atezolizumab 400 23% 35% 22%
(2020)

Powles et al. | MPDL3280A 95 20% 30% 25%
(2014) (Atezolizumab)

Rosenberg et | Atezolizumab 119 15% 38% 20%
al. (2016)

Apolo et al. | Avelumab 44 18% 32% 28%
(2017)

Chu and | BCG + Emerging | 200 17% 29% 30%
Pietzak Alternatives

(2023)

Response Rates
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H Sample Size (N) W Complete Response (CR)

Partial Response (PR) Stable Disease (SD)

1.3. Adverse Effects

Table 3 details the adverse effects associated with immune checkpoint inhibitors, focusing on

Grade 3 and 4 toxicities.
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Study (Year) | Immunotherapy Sample |Grade 3| Grade 4| Common
Agent Size (N) | Toxicity Toxicity Adverse
(%) (%) Effects
Galsky et al. | Atezolizumab 400 20% 5% Fatigue, Rash
(2020)
Powles et al. | MPDL3280A 95 15% 3% Nausea,
(2014) (Atezolizumab) Diarrhea
Rosenberg et | Atezolizumab 119 18% 4% Pruritus,
al. (2016) Arthralgia
Apolo et al. | Avelumab 44 22% 6% Fatigue,
(2017) Infusion
reactions
Chu and | BCG + Emerging | 200 16% 4% Fatigue,
Pietzak Alternatives Urinary
(2023) symptoms,
Fever

Table 3: Adverse Effects (Grade 3 and 4) Associated with ICIs in High-Grade MIBC Patients.
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2. Biomarker Analysis

Table 4 outlines the identified molecular subtypes of bladder cancer and their respective responses

to immunotherapy, based on recent studies.

Molecular Study (Year) Immunotherapy | Response Comments
Subtype Agent Rate
(Overall)
Luminal The Cancer | Atezolizumab 45% Better response to
Genome Atlas ICIs
(TCGA) (2017)
Basal The Cancer | Atezolizumab 35% Lower  response
Genome Atlas compared to
(TCGA) (2017) Luminal

Table 4: Molecular Subtypes and Immunotherapy Response in High-Grade MIBC.

Biomarker Analysis

Comments

e _

0% 10% 20% 30% 40% 50%

M Basal The Cancer Genome Atlas (TCGA) (2017) Atezolizumab

B Luminal The Cancer Genome Atlas (TCGA) (2017) Atezolizumab

3. Qualitative Findings

The thematic analysis of interviews with oncologists and patients highlighted several key points.
Oncologists emphasized the importance of selecting patients based on biomarkers to enhance
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treatment efficacy. Patients generally had positive experiences with immune checkpoint inhibitors
(ICls), appreciating manageable side effects and expressing hope for better survival outcomes.
However, both oncologists and patients noted significant challenges, including the high cost of
treatment and the need for more personalized therapy. These findings underscore the benefits of

ICIs while also highlighting areas that require further improvement.

The results indicate that immune checkpoint inhibitors are effective in improving overall survival
and progression-free survival in patients with high-grade MIBC. The analysis also suggests that
the luminal molecular subtype may be more responsive to immunotherapy, highlighting the
potential for personalized treatment approaches. However, the occurrence of significant adverse
effects underscores the need for careful patient selection and monitoring during treatment. The
qualitative findings further support the quantitative data, emphasizing the positive impact of ICls
on patient outcomes, while also pointing to areas for improvement in accessibility and

personalization of treatment.
Discussion

The findings of this study underscore the significant impact that immunotherapeutic strategies,
particularly immune checkpoint inhibitors (ICIs), have had on the treatment landscape of high-
grade muscle-invasive bladder cancer (MIBC) (Bellmunt et al., 2017). The results demonstrate
that ICls, such as atezolizumab and avelumab, have led to improvements in overall survival (OS)
and progression-free survival (PFS) in patients with advanced MIBC (Balar et al., 2017). This is a
crucial development, given the traditionally poor prognosis associated with this aggressive form
of cancer (Sharma & Allison, 2015). The observed response rates, with notable proportions of
patients achieving partial and complete responses, further highlight the therapeutic potential of
these agents (Siefker-Radtke & Petrylak, 2019). However, the results also reveal that adverse
effects, particularly Grade 3 and 4 toxicities, are a significant concern, necessitating careful patient

monitoring and management (Liu et al., 2021).

One of the key insights from this study is the role of molecular subtypes in predicting the efficacy
of immunotherapy. The luminal subtype of bladder cancer, as identified by The Cancer Genome
Atlas (TCGA), appears to respond better to ICls compared to the basal subtype (Galsky &
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Rosenberg, 2020). This finding underscores the importance of personalized medicine in the
treatment of MIBC, where biomarker-driven approaches could optimize therapeutic outcomes by
tailoring treatments to the individual characteristics of each patient's tumor (Duchesne & Milin,
2019). The identification of biomarkers that predict response to immunotherapy is critical for
enhancing the precision of treatment, reducing unnecessary exposure to potential side effects, and

improving overall survival rates (Liu et al., 2021).

Despite the promising outcomes associated with ICls, the study also highlights several challenges
that need to be addressed. The occurrence of severe toxicities, although manageable, poses a risk
to patient safety and underscores the need for ongoing research to refine these therapies (Bellmunt
et al., 2017). Additionally, the high cost of immunotherapy remains a significant barrier to
widespread adoption, particularly in resource-limited settings (Siefker-Radtke & Petrylak, 2019).
The qualitative findings from interviews with oncologists and patients further emphasize these
challenges, with both groups expressing concerns about the accessibility of these cutting-edge
treatments and the need for more personalized therapeutic approaches (Galsky & Rosenberg,
2020).

In conclusion, the advancements in immunotherapeutic strategies for high-grade MIBC represent
a significant step forward in the management of this challenging disease. The integration of ICIs
into clinical practice has the potential to improve patient outcomes substantially, particularly when
used in conjunction with biomarker-driven treatment plans (Duchesne & Milin, 2019). However,
to fully realize the benefits of these therapies, ongoing efforts are needed to address the associated
toxicities, cost barriers, and the need for personalized approaches (Bellmunt et al., 2017). As
research continues to evolve, these challenges can be mitigated, paving the way for even more

effective and accessible treatments for patients with high-grade MIBC (Balar et al., 2017).
Conclusion

The exploration of immunotherapeutic strategies, particularly the use of immune checkpoint
inhibitors (ICIs), marks a transformative advancement in the treatment of high-grade muscle-
invasive bladder cancer (MIBC). These therapies have demonstrated significant potential in

improving survival outcomes for patients, offering a new avenue of hope where traditional
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treatments have often fallen short. The integration of molecular subtyping into treatment planning
further enhances the effectiveness of these approaches by enabling more personalized and targeted
interventions. However, despite these advancements, challenges such as the management of severe
toxicities, high treatment costs, and the need for broader accessibility remain pressing concerns.
Continued research and innovation are essential to overcome these obstacles, ensuring that the
benefits of these cutting-edge therapies can be realized by all patients. Ultimately, the ongoing
evolution of immunotherapy holds the promise of redefining the standard of care for MIBC,
leading to better patient outcomes and potentially transforming the prognosis of this aggressive

disease.
References:

1. Galsky, M. D., Arija, J. A. A., Bamias, A., Davis, I. D., De Santis, M., Kikuchi, E., ... &
Bellmunt, J. (2020). Atezolizumab with or without chemotherapy in metastatic urothelial
carcinoma (IMvigor130): a multicentre, randomised, placebo-controlled phase 3 trial. The
Lancet, 395(10236), 1547-1557.

2. Powles, T., Eder, J. P, Fine, G. D., Braiteh, F. S., Loriot, Y., Cruz, C., ... & Rosenberg, J.
E. (2014). MPDL3280A (anti-PD-L1) treatment leads to clinical activity in metastatic
bladder cancer. Nature, 515(7528), 558-562.

3. Apolo, A. B,, Infante, J. R., Balmanoukian, A., Patel, M. R., Wang, D., Kelly, K., ... &
Heery, C. R. (2017). Avelumab, an anti-PD-L1 antibody, in patients with refractory
metastatic urothelial carcinoma: results from a multicenter, phase Ib study. J Clin Oncol,
35(19), 2117-2124.

4. Rosenberg, J. E., Hoffman-Censits, J., Powles, T., van der Heijden, M. S., Balar, A. V.,
Necchi, A., ... & Petrylak, D. P. (2016). Atezolizumab in patients with locally advanced
and metastatic urothelial carcinoma who have progressed after treatment with platinum-
based chemotherapy: a single-arm, multicentre, phase 2 trial. The Lancet, 387(10031),
1909-1920.

5. Necchi, A., Joseph, R. W., Loriot, Y., Hoffman-Censits, J. H., Perez-Gracia, J. L., Petrylak,
D. P., ... & Bellmunt, J. (2018). Atezolizumab in platinum-treated locally advanced or
metastatic urothelial carcinoma: post-progression outcomes in a phase Il study
(IMvigor210). Clinical Genitourinary Cancer, 16(4), 288-296.



Niaz Muhammad /Afr.J.Bio.Sc. 6(13) (2024) Page 6378 of 14

6.

10.

11.

12.

Bellmunt, J., de Wit, R., Vaughn, D. J., Fradet, Y., Lee, J. L., O'Donnell, P. H., ... & Gravis,
G. (2017). Pembrolizumab as second-line therapy for advanced urothelial carcinoma. New
England Journal of Medicine, 376(11), 1015-1026.
This study investigates the efficacy of pembrolizumab in patients with advanced urothelial
carcinoma, highlighting its impact on overall survival and progression-free survival.
Balar, A. V., Galsky, M. D., Rosenberg, J. E., Powles, T., & Bellmunt, J. (2017).
Atezolizumab in metastatic bladder cancer: a summary of the phase Il and 11l studies.
Bladder Cancer, 3(3), 375-386.
Provides an overview of the key studies involving atezolizumab and their findings
regarding treatment efficacy and safety in metastatic bladder cancer.

Sharma, P., & Allison, J. P. (2015). Immune checkpoint targeting in cancer therapy: toward
combination  strategies with  curative potential.  Cell, 161(2), 205-214.
Discusses the broader implications of immune checkpoint targeting in cancer therapy and
the potential for combining these strategies to enhance efficacy.

Siefker-Radtke, A. O., & Petrylak, D. P. (2019). Current status of immune checkpoint
inhibitors in bladder cancer. Urologic Oncology: Seminars and Original Investigations,
37(4), 237-245.
Reviews the current status and future directions of immune checkpoint inhibitors in bladder
cancer treatment.

Liu, Y., Xu, M., & Zhang, L. (2021). Biomarkers for predicting response to immune
checkpoint inhibitors in bladder cancer: current knowledge and future perspectives.
Journal of Cancer Research and Clinical Oncology, 147(8), 2045-2056.
Focuses on the identification of biomarkers for predicting response to immune checkpoint
inhibitors in bladder cancer and the importance of personalized treatment approaches.
Galsky, M. D., & Rosenberg, J. E. (2020). Emerging immune checkpoint inhibitors in
bladder cancer. Bladder Cancer, 6(3), 317-331.
Explores emerging immune checkpoint inhibitors and their potential roles in the treatment
of bladder cancer, including new agents and combinations.

Duchesne, C., & Milin, S. (2019). Current status of combination immunotherapy in bladder
cancer. Therapeutic ~ Advances in Urology, 11, 1756287219827415.



Niaz Muhammad /Afr.J.Bio.Sc. 6(13) (2024) Page 6379 of 14

Reviews the current research on combination immunotherapy approaches and their
effectiveness in treating bladder cancer

13. Chu, C., & Pietzak, E. (2023, October). Immune mechanisms and molecular therapeutic
strategies to enhance immunotherapy in non—-muscle invasive bladder cancer: Invited
review for special issue “Seminar: Treatment Advances and Molecular Biology Insights in
Urothelial Carcinoma”. In Urologic Oncology: Seminars and Original Investigations (Vol.

41, No. 10, pp. 398-409). Elsevier.



