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Abstract

Urothelial cancer, which is predominantly seen in men, is common throughout the world. Most 

disease presents as non–muscle invasive bladder cancer (NMIBC), with cancer recurring or 

progressing to muscle invasive disease in more than 50% of patients after initial therapy. NMIBC 

is an immune responsive disease, as indicated by the use of intravesical bacillus Calmette-Guérin 

as treatment for more than 3 decades. The advent of T-cell checkpoint inhibitors, especially those 

directed at programmed death 1 (PD-1) and its ligand (PD-L1), has had a significant impact on the 

therapy of advanced urothelial cancer. This had led to a revisitation of immunotherapy in 

urothelial cancer, as well as the genesis of trials using novel immunotherapeu-tic agents. This 

review focuses on immunotherapy in NMIBC, both on its own and as a potential treatment in 

combination with RT. It also discusses the development of immunotherapies in early bladder 
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cancer disease states, and in neoadjuvant and adjuvant perioperative settings for localized muscle 

invasive cancers.
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Introduction

Bladder cancer is the sixth most common cancer in the United States. It affects men more 

often than women, and it affects whites more often than people of other races.1 

Approximately 10% to 20% of non–muscle invasive bladder cancer (NMIBC) progresses to 

muscle invasive bladder cancer, and 10% to 30% of cases recur.2 Stage is the most important 

independent prognostic variable for assessing the probability of progression and survival. 

The 5-year survival rate is approximately 77% for all stages of bladder cancer, compared 

with less than 15% for metastatic bladder cancer.3,4 Surgery plus chemotherapy is one 

standard of care, but effective options have been limited for patients who do not have 

chemosensitive disease or who cannot receive cisplatin-based chemotherapy. Novel therapies 

are being explored to give additional options to patients who otherwise would have poor 

outcomes.

Novel immunotherapies have been developed in recent years for use in a variety of cancers, 

including bladder cancer. Immunotherapy uses the immune system to recognize and destroy 

cancer cells. Intravesical bacillus Calmette-Guérin (BCG), a type of attenuated 

mycobacterium, was the first type of immunotherapy used to help trigger an immune 

response, activating immune cells in the bladder as therapy for NMIBC. The US Food and 

Drug Administration (FDA) approved intravesical BCG in 1990. High-dose interleukin 2 

(IL-2) therapy was approved for use in metastatic renal cell cancer and melanoma based on 

durable complete responses (CRs) in 1995. In 2010, the FDA approved the use of 

sipuleucel-T (Provenge, Dendreon) immunotherapy for the treatment of early castration-

resistant prostate cancer.5 Cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) was the 

first immune checkpoint receptor to be clinically targeted, resulting in a survival advantage 

in patients with advanced melanoma and approval for ipilimumab (Yervoy, Bristol-Myers 

Squibb) in 2011.6,7 More recently, an abundance of research has been conducted on 

programmed death 1 (PD-1) and its ligand PD-L1, which are part of the family of 

checkpoint receptors. CTLA-4 and PD-1 receptors inhibit T-cell activation by distinct 

mechanisms.8,9

PD-L1 is expressed on some tumor cells and many immune cells, and binds to PD-1 on 

immune cells. The binding of these checkpoint proteins suppresses the immune response. By 

blocking this interaction, checkpoint inhibitor monoclonal antibodies “release the brakes” on 

the immune system, allowing immune cells to attack tumors. The T-cell receptor/major 

histocompatibility complex–antigen complex interacts with the first T-cell activation signal. 

A second, costimulatory signal from antigen-presenting cells (APCs) is necessary for 

completion of successful T-cell activation (eg, B7 from APC binding CD28 on the T cell). 
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Without a costimulatory signal, T cells become anergic. After T-cell activation, CTLA-4 

expression on the T cell is upregulated, placing a damper on T-cell response. On the APC 

side, B7–1 and B7–2 are upregulated in inflammatory settings. B7 can be either 

costimulatory or coinhibitory.10–12 The net effect is to prevent runaway T-cell activation. 

PD-1 is also expressed on activated T cells, and expression is induced by inflammatory 

cytokines at the site of inflammation. PD-1 interacts with PD-L1 on APCs, with the net 

effect of preventing excessive tissue damage and autoimmunity at the site of infection.13 By 

inhibiting PD-L1, the signals that prevent the body’s immune system from attacking the 

cancer are lifted.

PD-1– and PD-L1–specific monoclonal antibodies induce tumor regression in patients who 

have advanced melanoma, refractory Hodgkin lymphoma, renal cancer, lung cancer, and 

head and neck squamous cell cancer, with very low rates of toxicity. Pembrolizumab 

(Keytruda, Merck) and nivolumab (Opdivo, Bristol-Myers Squibb) were the first checkpoint 

inhibitors in the anti–PD-1 pathway family to be approved by the FDA for the treatment of 

refractory melanoma, and atezolizumab (Tecentriq, Genentech) was the first anti–PD-L1 

antibody approved for the treatment of metastatic bladder cancer after failure of 

chemotherapy. PD-1 is a receptor normally involved in downregulating immune responses 

and promoting peripheral self-tolerance. PD-L1 and PD-L2, which are the 2 main ligands of 

PD-1, are variably expressed. Many tumors have capitalized on the PD-1/ PD-L1 pathway as 

a mechanism to evade immune surveillance and destruction.14–20 In murine models, 

expression of PD-L1 on the mastocytoma cell line increased apoptosis in active tumor-

reactive T cells, suggesting a possible target for cancer immunotherapy.10,20,21 The 

hypothesis was that exploitation of the PD-1 and PD-L1 pathway in various tumors was a 

mechanism to evade immune surveillance and destruction. Drugs targeting the PD-1/PD-L1 

pathway have led to a greater number of durable responses in selected patients compared 

with other therapies, such as targeted agents and cytotoxic chemotherapy. In part 1 of this 

review, we discussed the development of novel T-cell checkpoint inhibitors in advanced or 

metastatic urothelial cancer.22 In this part, we review the background of immunotherapy in 

bladder cancer and discuss its evolving role in a variety of bladder cancer disease states, 

extending from non–muscle invasive to muscle invasive cancer.

Immunotherapy in Non–Muscle Invasive Bladder Cancer

Intravesical immunotherapy has been a mainstay of the treatment of NMIBC for more than 

40 years.23 Intravesical instillation of live BCG reduces both the risk of recurrence and 

progression to muscle invasive cancer and was granted approval by the FDA in 1990. 

Multiple randomized trials and meta-analyses have demonstrated superiority of BCG over 

intravesical chemotherapy regimens or observation.23 BCG with subsequent intravesical 

maintenance instillations is the only intravesical regimen so far shown to impact tumor 

progression in patients with high-risk NMIBC.24–27 Current guidelines from the European 

Association of Urology and the American Urological Association recommend initial weekly 

intravesical BCG for 6 weeks plus maintenance every 3 months for 1 to 3 years using the 

SWOG (formerly the Southwest Oncology Group) protocol for patients with high-risk 

disease (high-grade large or multifocal Ta, any T1, or carcinoma in situ). BCG generally is 

not recommended for patients with the lowest risk of progression, including those with low-
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grade Ta primary tumors and those who have infrequent recurrences of small low-grade 

tumors, which can be treated adequately with transurethral resection and surveillance.28–29

There is no broad consensus on the best approach for patients with high-risk NMIBC in 

whom BCG is contraindicated, such as patients on immunosuppressants, or those who have 

had unacceptable side effects from the treatments. BCG can cause flu-like symptoms, 

fatigue, cystitis, and, occasionally, severe bleeding or bladder contracture. Systemic BCG 

infection is another, more rare, adverse event. In addition, a significant proportion of patients 

with high-risk NMIBC will have high-risk tumors that are unresponsive to BCG, including 

patients with persistent disease after 2 courses (known as BCG-refractory) or those whose 

disease recurs within 1 year of treatment. Additional BCG is not effective in this setting, but 

the best next step is unclear because comparative studies of different salvage regimens are 

lacking. The addition of interferon alfa (IFN-α) to BCG in an attempt to produce heightened 

immune stimulation has produced mixed results.30 A number of intravesical chemotherapy 

regimens may be used, including mitomycin C, gemcitabine, docetaxel, and various 

combinations of these, but all have durable response rates of no more than 20% to 40% in 

BCG-unresponsive disease.31 The only FDA-approved agent in this setting is valrubicin 

(Valstar, Endo Pharmaceuticals), but the durable response rate to valrubicin at 1 year in 

patients with BCG-refractory carcinoma in situ is only 10%.32 Cystectomy usually is 

recommended for patients with high-risk NMIBC that is unresponsive to BCG if they are fit 

for surgery. However, a large number of patients are poor surgical candidates or refuse this 

surgery.

In recent years, there has been significant interest in other immunotherapy approaches to 

NMIBC, and a number of clinical trials are underway or planned. These trials have used a 

variety of approaches to modulate the immune system. SWOG is revisiting the role of 

immunization with intradermal BCG prior to intravesical therapy in S1602 (Different Strains 

of BCG With or Without Vaccine in High Grade Non-Muscle Invasive Bladder Cancer; 

NCT03091660). In an effort to stimulate the immune system, patients will receive 

percutaneous vaccination prior to intravesical instillation of BCG. The percentage of patients 

with a CR at 3 months following therapy with the TICE percutaneous BCG vaccine vs the 

standard-protocol intravesical induction BCG vaccine will be analyzed33

Mycobacteria cell wall extract has been investigated as a potential agent for use in retaining 

the immune response to BCG without the risk of systemic infection associated with the live 

bacteria.34 ALT-803 is an IL-15 agonist that is being tested in combination with BCG for 

NMIBC.35 VMPM1002 bC, a vaccine made from genetically modified mycobacteria bovis, 

also is being tested both alone and in combination with BCG.36 ALT-801 is a T-cell receptor/

IL-2 fusion protein evaluated in a phase 1 trial of patients with BCG-refractory disease.37 

PANVAC, a pox-virus-based vaccine therapy targeting CEA and MUC1, is being studied in 

combination with BCG vs BCG alone for patients with recurrence after at least 1 prior cycle 

of BCG.38 Finally, rAd-IFN/Syn3 is an adenovirus-mediated gene therapy that induces 

endogenous production of IFN by the bladder urothelium. It is currently in phase 2 trials.39 

Studies on the new checkpoint inhibitors and other immune-based approached are also being 

applied to patients with high-risk NMIBC (Table 1). To date, however, the effectiveness is 

unknown. KEYNOTE-057 (Study of Pembrolizumab in Participants With High Risk Non-
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Muscle Invasive Bladder Cancer) is a phase 2 trial of pembrolizumab for patients with BCG-

unresponsive disease.40 Several other trials are in the planning phases, including one using 

atezolizumab alone or in combination with BCG.41 In another trial by SWOG, called S1605 

(Atezolizumab in Treating Patients With Recurrent BCG-Unresponsive Non-Muscle 

Invasive Bladder Cancer), the PD-L1 blocker atezolizumab will be given intravenously to 

patients who are refractory to BCG. The goal is to control tumor growth and induce 

responses.42 If these studies produce initial promising results, one would expect intense 

interest in this type of therapy. Such treatments are well tolerated by elderly patients, and 

avoid the morbidity and quality-of-life impact associated with radical cystectomy.

Combination Immunotherapy and Radiation Therapy

Radiation therapy (RT) generally is not used as the sole primary treatment for bladder 

cancer, but it may be given in combination with chemotherapy. Another option is trimodality 

therapy with transurethral resection of bladder tumor (TURBT) followed by chemoradiation. 

Trimodality therapy is a viable alternative to upfront cystectomy for selected patients who 

are unwilling or unable to undergo surgery, and has produced similar outcomes in overall 

survival.43 People who cannot receive chemotherapy may receive RT alone, although this is 

less effective than RT combined with chemotherapy.44

Radiation can induce immunologic-mediated cancer cell death. The immune system plays an 

important role in promoting the therapeutic effects of radiation. RT causes cancer cell death 

primarily through DNA damage that leads to cell apoptosis/necrosis. Tumor antigens 

released from apoptotic tumor cells can provide antigen stimulation that induces an immune 

response both locally and also at distant metastatic sites. Radiation alone may be insufficient 

to trigger antigenic signals, and may be augmented by a costimulatory signal to elicit a 

systemic immune response.45 Radiation-induced cell death releases tumor antigens that help 

prime the antitumor cytotoxic T cells, facilitate tumor antigen uptake by dendritic cells, and 

promote cross-presentation of tumor antigens on major histocompatibility complex (MHC) 

class I molecules.38–46–50 In addition, radiation helps recruit T cells to tumors by releasing 

cytokines.51–54 These observations have led to preclinical studies on the combination of 

immunotherapy and RT in multiple tumor models, and clinical studies in metastatic solid 

tumors, particularly breast cancer and non–small cell lung cancer (NSCLC).45–51–55 Breast 

cancer, colorectal cancer, and glioblastoma cell lines and xenografts have shown improved 

localized tumor control when anti–CTLA-4 is added to RT.56–58 Use of anti–PD-1 and anti–

PD-L1 in combination with RT in the setting of breast and melanoma mouse xenograft 

models also has led to improved survival.59–61

Radiation, through its immune-stimulating properties, may act as an adjunctive systemic 

treatment as well as a local treatment. The term abscopal effect is used to describe the 

shrinkage of distant tumors outside the radiation field following the use of radiation to treat 

a tumor.40 Recent progress in the development of tolerable immunotherapy with the 

potential for combination with RT has moved forward the concept of capitalizing upon the 

abscopal effect. The combination of anti–CTLA-4 antibodies and RT has shown a benefit in 

distant disease control in syngeneic mouse models.56 Similarly, the combination of RT and 
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anti–PD-1 therapy has led to improvements in response in breast cancer, colorectal cancer, 

renal cell carcinoma, and melanoma cell line models.61,62

Variables that are involved in the combination of RT and immunotherapy in the laboratory 

that likely determine successes in the clinical arena are dose, fractionation, and sequencing 

of treatments. Preclinical data suggest that larger dose per fraction, such as 8 Gy in 3 

fractions or 6 Gy in 5 fractions, may be superior to standard fractionation or a single dose of 

20 Gy when combined with anti–CTLA-4 blockade. The delivery of CTLA-4 blockade after 

the completion of RT also has been proven to have a diminished effect compared with 

concurrent administration.56 Concurrent administration is optimal because the use of 

radiotherapy alone may prime the immune system, allowing antigens to present if the 

checkpoints are still fully engaged.60

Based on results of preclinical studies, RT with immunotherapy has progressed to phase 1/2 

clinical trials in multiple disease sites. In a study of patients with melanoma who underwent 

stereotactic radiosurgery (SRS) for brain metastases, patients who received ipilimumab had 

a longer median survival than those who did not receive ipilimumab. There was no 

difference based on whether the drug was given before or after SRS.63 In a multivariate 

analysis, SRS during ipilimumab treatment was associated with prolonged survival 

compared with sequential SRS and ipilimumab in metastatic melanoma.64 Reports of 

patients treated with ipilimumab and RT not directed at the central nervous system also have 

shown promising results in small numbers.65 Regression of distant sites of extracranial 

metastatic melanoma after irradiation and ipilimumab treatment has been reported.66 Similar 

results have been reported in lymphomas, renal cell cancers, and NSCLC.67–69 In addition, 

response to RT and ipilimumab in patients with castration-resistant prostate cancer occurred 

without significant adverse events.70 Most of the reported abscopal effects have been seen in 

patients who received RT to a visceral metastasis; therefore, the site of RT may prove to be a 

variable in the success of combination therapy.51

Although many clinical trials are investigating the synergistic relationship between 

immunotherapy and RT, mature trials in bladder cancer are lacking. In the setting of bladder 

cancer, as in other disease sites, the combination of RT and immunotherapy is being 

examined in patients with metastatic disease but may be especially poignant in urothelial 

carcinoma (Table 2).40

Toxicity of Combination Immunotherapy and Radiation Therapy

With limited clinical experience, there is concern for increased immune-related side effects 

such as pneumonitis, hepatitis, and colitis when the therapies are delivered together. A 

retrospective analysis of 29 patients who received extracranial RT and ipilimumab showed 

no increase in toxicity compared with historical data. The highest doses of RT were 

associated with RT-induced side effects, but levels were acceptable.65,70 Still unknown are 

the later effects of combining immunotherapy and stereotactic ablative body radiotherapy. 

The tissue-damaging effects of using radiation at a higher dose per fraction can confer not 

only acute side effects, but also late effects, such as pneumonitis, in the following months 

after treatment.
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Adjuvant and Neoadjuvant Therapy in Muscle Invasive Bladder Cancer

Muscle invasive bladder cancer has a different and more aggressive biology than NMIBC.71 

Standard treatment in patients with muscle invasive bladder cancer includes cisplatin-based 

chemotherapy followed by surgical removal of the bladder, or RT and concomitant 

chemotherapy. Neoadjuvant cisplatin-based chemotherapy prior to cystectomy or RT 

improves overall survival.72,73 Neoadjuvant cisplatin-containing regimens include 

methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC); cisplatin, methotrexate, and 

vinblastine (CMV); or gemcitabine and cisplatin (GC). Neoadjuvant studies of MVAC found 

increased pathological complete response (pCR) rate and improved overall survival at the 

cost of some short-term toxicity.73,74

Currently, the evidence supporting the use of adjuvant chemotherapy after radical 

cystectomy is limited. However, in patients with extravesical extension on final pathology 

after radical cystectomy who are eligible for cisplatin, adjuvant therapy should be 

considered. The largest phase 3 trial compared immediate vs deferred cisplatin-based 

combination chemotherapy after radical cystectomy in patients with pT3/pT4 or node-

positive urothelial carcinoma of the bladder. In the deferred arm, patients did not receive 

chemotherapy until relapse. The study resulted in no significant improvement in overall 

survival with immediate vs deferred chemotherapy after radical cystectomy, although the 

study may have been underpowered for that primary endpoint.75 Several other trials have 

identified a survival benefit for immediate chemotherapy. This includes the SOGUG 

(Spanish Oncology Genitourinary Group) 99/01 study using gemcitabine, cisplatin, and 

paclitaxel, and the ABC (Advanced Bladder Cancer) meta-analysis that suggested a benefit 

of adjuvant therapy similar to that of neoadjuvant therapy.76,77

In the context of the limited options for patients with renal dysfunction who have poor 

performance status or whose disease has failed to respond to platinum-based therapy, 

immunotherapy is being extensively studied in neoadjuvant, adjuvant, recurrent, and 

advanced bladder cancer. Neoadjuvant chemotherapy is still the preferred method of 

treatment over adjuvant chemotherapy, and several neoadjuvant immunotherapy trials are 

underway (Table 3). Two adjuvant trials are in progress: the DN24–02 trial (DN24–02 as 

Adjuvant Therapy in Subjects With High Risk HER2+ Urothelial Carcinoma), which is 

examining an autologous cellular immunotherapy product designed to stimulate an immune 

response in patients with high-risk human epidermal growth factor 2 (HER2)-positive 

urothelial carcinoma, and the IMvigor 010 trial (A Study of Atezolizumab Versus 

Observation as Adjuvant Therapy in Participants With High-Risk Muscle-Invasive Urothelial 

Carcinoma After Surgical Resection) of adjuvant atezolizumab, which is designed to clarify 

the benefits of adjuvant therapy.78,79

As yet, any role for immune checkpoint inhibitor therapy in the neoadjuvant and/or adjuvant 

setting remains undefined. A randomized phase 3 trial is investigating the addition of 

adjuvant atezolizumab in patients who had significant residual muscle invasive cancer at 

cystectomy, and smaller institutional protocols will investigate neoadjuvant use of immune 

checkpoint inhibitor therapy in patients who are not eligible for cisplatin-based 

chemotherapy.80–81
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For patients with multiple comorbidities or who prefer bladder preservation, a combined-

modality approach of TURBT followed by chemoradiotherapy is a valid alternative. Studies 

investigating the addition of immunotherapy in this patient population are discussed earlier.

Immunotherapy in Rarer Sites and Histological Variants of Urothelial 

Cancer

Urothelial cancer may occur anywhere in the urinary tract. This includes not only the 

bladder but also the renal pelvises, ureters, and urethra. These cancers have been included in 

trials of agents directed at PD-1/PD-L1, so approved agents for urothelial cancers can be 

used when the primary urothelial cancer site is outside the bladder. Patients with ureteric 

carcinoma have an increased chance of harboring genetic microsatellite instability,82 which 

can be detected by immunohistochemistry or next generation genomic profiling of tumor 

tissue. When microsatellite instability is present, patients have a better response to both 

chemotherapy and PD-1/PD-L1–directed immunotherapy.

Urothelial cancer may differentiate to variants with phenotypic characteristics that include 

small cell, squamous cell, adenocarcinoma, sarcomatoid, and tro-phoblastic appearances. 

The tumor often consists of a urothelial cancer or in situ carcinoma that differentiates and 

produces varying amounts of variant cancer. When these variants are in the minority relative 

to urothelial or transitional cancer, then the tumor generally responds like urothelial cancer. 

Patients with minority-variant histology have been included in the studies of PD-1/ PD-L1–

directed immunotherapy, and may respond to it in a similar fashion to cancers that are 

entirely urothelial. Cases in which the entire tumor has variant differentiation often behave 

differently than those with pure urothelial cancer, as exemplified by the use of different 

chemotherapy regimens in them: platin and etoposide in small cell, adding a taxane in 

squamous cell, and fluoropyrimidine use in adenonocarcinomas.83–85 With regard to 

immunotherapy directed at T-cell checkpoints in variant histology tumors, there are 

anecdotal reports of durable response. These agents have activity in small cell, 

adenocarcinoma, and squamous cell cancers of the lung and head and neck region,86–90 and 

so may be active in variant urothelial tumors that demonstrate similar histological 

appearance. To rationalize the use of these expensive drugs, selecting patients for clinical 

trials is always appropriate. The use of PD-L1 expression, microsatellite instability, and/or 

mutational burden may provide justification for selecting these patients for these therapies 

outside a clinical trial.82,91

Conclusion

The recent advent of PD1/PD-L1–directed immunotherapy has changed urothelial cancer 

therapy in the advanced setting, particularly for patients whose cancers have progressed on 

platinum-based therapy or who are not cisplatin-eligible in the first-line metastatic setting. 

This has the potential to lead to a renaissance of immunotherapy in patients with NMIBC, as 

well as in the adjuvant, neoadjuvant, and concurrent settings for patients with muscle 

invasive and locally advanced urothelial cancer. Continued clinical trials are needed to 

establish the place of these and other immunotherapy agents in the treatment of bladder 

cancer, and to evaluate their potential to increase CR and cure rates in the non–muscle 
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invasive, localized, and locally advanced settings. Given the therapeutic plateau that existed 

previously, these new agents are welcome but need to be well-managed for optimal efficacy 

in early-stage cancer.
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