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Abstract: Genitourinary (GU) cancers are a group of epithelial malignancies associated with the organs
involved in the excretion of urine. Renal cell, urothelial, and prostatic carcinoma are the overwhelming
subtypes diagnosed by oncologists. Each of these was traditionally treated surgically when local and
non-invasive. When these carcinomas spread, invade, or metastasize, surgical control lacks in efficacy.
Chemotherapeutic regimens have been implemented for decades and have increased overall survival but
many patients progress. Molecular targeting through tyrosine kinase inhibition of the vascular endothelial
growth factor (VEGF) has emerged as a frontline therapy in kidney cancer with more durable responses.
More recently, immunotherapy has begun to find efficacy in many other solid tumors including melanoma
and non-small cell lung cancer. The inherent genetic instability of this group of cancers makes them
ideal solid tumors for immune modulation. Vaccines manufactured to initiate T-Cell regulation through
neoplastic-antigen presentation are available for prostate cancer and are currently on trial in renal cell
carcinoma (RCC). Programmed death-1 (PD-1) and its ligand (PD-L1) are intricate members of cellular
immunity against neoplastic cells. In an activated, unbound state, these molecules permit T-cell activation
and cytotoxic killing of cancer cells. However, when they are linked, cellular immunity is attenuated and local
cancer cells are permitted the opportunity to proliferate and invade. A novel class of monoclonal antibodies
have been developed which stop PD-1 linkage and thus uncouple the ‘stop’ signal of these neoplastic
regulatory cells. The increased overall and progression free survival have made them attractive options
alone as well as in combination with anti-VEGF inhibitors for patients. Although more tolerable than
chemotherapy, immunotherapeutics have adverse potential toxicities. Overall, the use of immunomodulatory
medications have opened a new paradigm in the anti-neoplastic regimen of GU cancers and further

developments will determine the appropriate patient to treat for optimum tumor burden eradication.
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Introduction

Genitourinary (GU) cancers are a heterogeneous population
of neoplasms, the majority of which are prostate, urothelial,
and renal cell carcinoma (RCC). These, along with rarer
malignancies of the urine excretion tract, have historically
represented some of the most challenging malignancies to
manage.

Prostate cancer is the second most common cause of
cancer in men worldwide, with an estimated 181,000 new
cases, and 26,100 deaths in the United States in 2016 (1,2).
Localized cases of these malignancies are ultimately treated
with a multi-disciplinary modality: surgery, radiation, and/
or androgen deprivation with curative intent. Meanwhile, de
novo or recurrent advanced stage disease had carried a high
mortality rate due to poor durable remissions and second-
line therapy options. Current treatment of metastatic
prostate cancer focuses on the use of androgen deprivation
therapy (ADT) in combination with chemotherapy
(docetaxel). Men who progress to castration-resistant
prostate cancer (CRPC) recently have several new agents
for continued treatment. The FDA has approved molecules
that target the androgen-signaling pathway, attenuating the
hormone stimulus for prostate cancer survival.

Of kidney neoplasms, RCC accounts for the
overwhelming majority with approximately 62,000 new
diagnoses yearly (2). About half of all new diagnoses are
stage I at discovery while 20% are metastatic. Of those
that are metastatic, the 5-year survival rate is 12% (3).
Similar to bladder cancer, smoking is a risk factor for
RCC as is obesity, hypertension, Von Hippel-Lindau and
cystic kidney diseases (4). Localized disease is cured with
surgical nephrectomy with or without lymphadenectomy.
Cryoablation, radiofrequency ablation, or partial
nephrectomy are therapeutic options for smaller masses.
Metastatic disease is often treated with nephrectomy as
previous studies analyzing interferon alpha-2b (INF)
therapy showed an overall survival (OS) increase of
approximately 6 months with resection + IFN versus IFN
alone. In addition, there have been reports of cytoreductive
nephrectomy stimulating an immune response that also
targets metastatic disease burden. Many molecular targeted
therapies have made it to market within the last decade
targeting the tyrosine kinase pathways associated with
VEGE PDGEF, mTOR, and AKT. It is only recently have
immunotherapeutic agents been integrated into treatment
regiments.

Each year bladder cancer affects 74,000 patients with a
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male to female predominance of 3:1 (5). Despite the large
incidence, the mortality is estimated at 16,000 a year due
to detection of early, local neoplasms rather than metastatic
disease. Cigarette smoking, work related toxin exposure,
recurrent urinary tract infections, cyclophosphamide
and Lynch Syndrome increase the risk of bladder cancer.
Non-muscle invasive bladder cancers were amongst
the first cancers to be treated with immunotherapy (6).
More advanced muscle invasive bladder cancers have a
multidisciplinary approach including surgical resection and
neo/adjuvant chemotherapy.

Over the last decade, an improvement in the
understanding of tumor biology and how these and other
cancers interact with the immune system has markedly
changed the way many solid malignancies have been
managed. For decades there had been no second line
treatment options for metastatic bladder cancer patients
who were ineligible or progressed through platinum-
based chemotherapy. As with many other types of cancers,
the release of a restricted immune system via immune
checkpoint inhibition is currently revolutionizing the field
of genitourinary cancers. These monoclonal antibodies are
developed to remove the ‘brakes’ associated with immune
system downregulation. Thus with increased surveillance of
the tumor, cytotoxic cells can engage and destroy malignant
tumorigenic cells. Immune checkpoints consist of various
inhibitory signaling pathways that regulate the duration
and amplitude of immunologic responses to tumor cells
to avoid excessive damage to peripheral tissue. In 2011,
ipilimumab, a CTLA-4 inhibitor, was approved by the
FDA for the treatment of metastatic melanoma, making it
the first immune checkpoint inhibitor used to treat solid
malignancies (7). More recently, programmed death-1
(PD-1) and its ligand (PD-L1) were found to be intricate
members of the cellular immunity against neoplastic cells (8).
In an activated, unbound state, these molecules permit T-cell
activation and cytotoxic killing of cancer cells. However,
when they are linked, cellular immunity is attenuated
and local cancer cells are permitted the opportunity to
proliferate and invade (9). A novel class of monoclonal
antibodies called checkpoint inhibitors have been developed
which stop PD-1 linkage and thus uncouple the ‘stop’ signal
of these neoplastic regulatory cells.

Other methods of immune surveillance, the development
of chimeric T-cell receptors and cancer vaccines, have
helped shape this distinct class of cancer treatments known
as ‘immunotherapies’, which have begun to alter the
approach to the way various malignancies are treated. The
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use of immunotherapy is currently being introduced into
the field of genitourinary cancer, with many agents making
a noticeable impact on overall and progression free survival.
Additionally, the overall well being of patients that have
been diagnosed with advanced stage disease has improved
with non-chemotherapeutic approaches. Although toxicities
such as nausea and vomiting are reduced with this class of
drugs, there are immunotherapy-specific adverse effects
that must be understood and evaluated by oncologists and
patients during treatment. This article will review current
treatment strategies for GU cancer and the way that
immunotherapy is changing their management.

Prostate cancer immunotherapy
Vaccines

Sipuleucel-T

In 2010, Sipuleucel-T (Provenge®, Dendreon) became
the first therapeutic cancer vaccine to be approved by the
FDA after it was shown to prolong survival in patients
with castration resistant prostate cancer (10). This vaccine
consists of autologous dendritic cells that stimulate a
T-cell response against prostatic acid phosphatase (PAP),
an antigen that is found in 95% of prostate cancers. The
vaccine is prepared by harvesting the patient’s own dendritic
cells (and other mononuclear cells) via leukapheresis
from the peripheral blood. These cells are then exposed
ex-vivo to a recombinant fusion protein called PA2024,
which consists of PAP fused to granulocyte/macrophage-
colony stimulating factor (GM-CSF). An incubation
period of 48 hours allows the dendritic cells sufficient
time to process the protein for antigen presentation,
while GM-CSF leads to the expression of various pro-
inflammatory signaling molecules and receptors. These
primed dendritic cells are ultimately reintroduced into
the patient to stimulate a T-cell response against the
cancer cells. These infusions are usually performed every
2 weeks, for a total of three times.

The efficacy of the vaccine was demonstrated in
three phase III trials. D9901, published in 2006, was a
randomized, double-blind, placebo-controlled trial with
progression-free survival (PFS) as its primary endpoint.
Although the PFS improvement was insignificant
(11.7 months in treated group vs. 10.0 months in placebo
group, hazard ratio (HR) =1.45, 95% CI: 0.99-2.11;
P=0.052), the secondary endpoint, overall survival, was
longer in the treated group than the placebo group (25.9 vs.
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24.1 months) (11). D9902A was not completed, as the study
was similar to D9901, which was published first showing
no statistical improvement in the primary endpoint. A
combined analysis was performed from these two studies
with the 225 men enrolled that again demonstrated
no statistically significant increase in progression-free
survival, but did confirm an increase in overall survival
[23.2 months in treated group, vs. 18.9 months in placebo
group, HR =0.67, 95% CI: 0.49-0.91] (12). A third trial,
Immunotherapy for Prostate Adenocarcinoma Treatment
(IMPACT), was run to corroborate these findings, in which
512 patients were enrolled in a double-blind, placebo-
controlled study in which overall survival was the primary,
rather than secondary endpoint, confirming a statistically
significant increase of 4.1 months (25.8 in the treated
group vs. 21.7 in the placebo group, P=0.03) (13). The
patients enrolled in each of the three trials above had been
diagnosed with metastatic, castration-resistant prostate
cancer (mCRPC) with ECOG status 0 or 1, without
evidence of visceral metastases, pathologic fractures, or
opioid analgesia requirement.

Currently, the clinical role of Sipuleucel-T is restricted
to patients with asymptomatic, or minimally symptomatic
mCRPC (ECOG status 0 or 1). Because progression of
disease and PSA level are unaffected by administration of
this vaccine, there are no objective criteria to determine
whether a patient is benefiting from treatment or may
require an alternative therapy, which is a common reason
cited to use other systemic therapies in this patient
population.

Prostvac

Prostvac (Bavarian Nordic) is a heterologous prostate
cancer vaccine series that consists of a prime-boost regimen
involving recombinant vaccinia and fowlpox viruses (14).
These vectors have been engineered to encode for
transgenes expressing human PSA, and the costimulatory
molecules, CD54, CD58, and CD80, which are collectively
referred to as TRICOM. Treatment is initiated by
subcutaneous administration of PSA-TRICOM via the
vaccinia vector, followed by 6 subsequent boosting doses
of PSA-TRICOM via the fowlpox vector. Small doses of
G-CSF are co-administered with each dose of the vaccine.
Completion of this vaccine series leads to enhanced T-cell
activation and recognition of PSA-expressing prostate
cancer cells. A phase II randomized, controlled, and
blinded clinical trial involving 125 patients with minimally
symptomatic mCRPC demonstrated an increased overall
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survival in the treated group compared with the placebo
group (25.1 vs. 16.6 months, P=0.006) (15). A phase III
randomized, double-blind efficacy study, the PROSPECT
trial (NCT01322490), is currently underway to validate the
results of the phase II trial.

GVAX

GVAX (Biosante Inc.) is a vaccine consisting of whole,
allogeneic, tumor cells. Two prostate cancer cell lines, PC-3
and LNCaP, are transduced with a retrovirus containing
c¢DNA for GM-CSF. The vaccine is administered as one
initial dose, followed by boosters every two weeks for
6 months. The results of a phase I/II clinical trial published
in 2007 demonstrated an increase in overall survival, which
was highest for the group of patients treated with the
highest booster dose (34.9 months), followed by the lower
booster dose (26.2 months), and then the group that was
treated with radiotherapy alone (24 months) (16). However,
two phase III clinical trials (VITAL-1 and VITAL-2) had to
be discontinued prematurely when it was found that patients
in the treated group had an increased rate of mortality,
and did not benefit from significant therapeutic effects
(17,18). Currently there is no FDA approved indication
for the use of GVAX, although further clinical studies
involving combination immunotherapy with this vaccine
are currently underway for other types of solid malignancies
(NCT02243371, NCT02451982).

Immune checkpoint inbibitors

Nivolumab: PD-1 monoclonal antibody

Nivolumab (Opdivo®, Bristol-Myers-Squibb) is a human
IgG4 monoclonal antibody that binds to PD-1 expressed
on the surface of T-cells. Many solid tumor cells express
PD-L1 and PD-L2, which would otherwise bind to
PD-1 on T-cells, activating apoptotic pathways leading
to T-cell directed death. The antibody prevents this
interaction, allowing for a greater T-cell response against
cancer cells, and thus making it a checkpoint inhibitor.
A trial involving patients with various GU malignancies
was initiated to evaluate the response of these tumors
to nivolumab, but only 17 patients with CRPC were
enrolled, and only one of these patients demonstrated
improvement with a reduction in tumor size (19).
The focus of this agent has mainly been on the concept
of combination therapy with other immunotherapies
such as ipilimumab. A particular area of interest has been
invested in the use of these agents for treatment of patients
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with androgen receptor (AR) splicing variants that do not
respond to other pharmacologic agents, such as abiraterone
and enzalutamide. There is currently a phase II study
(NCT02601014) involving 15 men with mCRPC with the
AR-V7 splice variant detected on PCR analysis on study,
with the primary endpoint being their PSA50 response rate.
Although there is currently no FDA approval for the use of
any checkpoint inhibitor in prostate cancer, these studies
will hopefully uncover potential benefits.

Ipilimumab: CTLA-4 monoclonal antibody

Ipilimumab (Yervoy®, Bristol-Myers-Squibb) is a human
monoclonal antibody that binds to CTLA-4 on the surface
of T-cells. Under normal circumstances, CTLA-4 competes
with costimulatory molecules (B7.1 and B7.2) for binding
to CD28 on the T-cell surface, which plays a role in
activating signaling pathways crucial to T-cell activation
along with the T-cell receptor. Ipilimumab prevents this
interaction, allowing for greater activation of CD28, and
ultimately T-cell functioning (20). A phase III trial looked
at 799 men with mCRPC and at least one bone metastasis
who progressed after being treated with docetaxel: 399 of
which were treated with ipilimumab, and 400 with placebo.
Although the treated group did show an increase in median
overall survival (11.2 months) in comparison to the placebo
group (10.0 months), this difference was not statistically
significant (HR =0.85, 0.72-1.00; P=0.053) (21). The most
common adverse events were diarrhea, colitis, anemia, and

fatigue (grade 3-4) (22) (Figure 1).

Urothelial carcinoma immunotherapy
Induced inflammatory response

The majority of bladder cancers are within the lumen of
the bladder and non-metastatic at diagnosis. For non-
muscle invasive bladder cancer, transurethral resection is
the modality of choice followed by intravesicular therapy.
Bacille Calmette-Guerin (BCG), a live attenuated strain
of Mycobacterium Bovis, in 6 weekly bladder installations
followed by maintenance therapy decreases recurrence
and limits progression (23). BCG induces an inflammatory
response within the bladder lumen that permits cytotoxic
T-Cell clearance of carcinoma in situ and was FDA
approved in the 1980s. Should cystoscopy show continued
disease after induction and maintenance, another 6-week
course can commence. Many international organizations
site evidence that suggests maintenance every 3 months
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Figure 1 Prostate cancer therapies. Patients without evidence of metastatic disease are first divided into low, intermediate, or high risk,

with active surveillance being appropriate for low risk patients, and surgery and/or radiation with ADT used for higher risk patients. The

treatment of disseminated disease focuses on the use of ADT, but patients who develop castration resistant disease are candidates for newer

agents targeting the androgen signaling pathway, or the Sipuleucel-T vaccine. Clinical trials are currently underway to investigate the use of

combination immunotherapy and other vaccines in this clinical situation as well. (Blue: standard of care, Orange: clinical trials).

for a minimum of 1 year may reduce recurrence as well
as progression (24,25). Adverse effects are due to the
cumulative irritative effects on the bladder lumen. Other
side effects include flu-like symptoms: fever, arthralgias,
gross hematuria, and elevated LFTs. Rare severe effects
can cause respiratory distress, mental status changes, and
distributive shock (26).

Immune checkpoint inbibitors

Atezolizumab: PD-L1 monoclonal antibody

Bladder cancer has the 4™ highest mutational gene
burden behind melanoma, lung squamous carcinoma, and
lung adenocarcinoma (27). Due to this and the success
of immunotherapy in skin and lung cancer, immune
checkpoint inhibitors were evaluated for the treatment of
bladder cancer. Atezolizumab (Tecentriq®, Genentech), a
humanized immunoglobulin monoclonal antibody against
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PD-L1 was approved by the FDA in early 2016. This
approval was based upon the Phase II ‘IMvigor 210’ trial
in patients with inoperable, locally advanced or metastatic
disease that progressed during or within 12 months of first
line platinum-containing chemotherapy (second line) (28).
It enrolled 310 patients and their tumors were assessed
for PD-L1 expression on infiltrating immune cells in the
tumor microenvironment [either less than 1% (IC0), 1%
to 5% (IC1) or over 5%(1C2/3)]. Each patient received
1200mg of atezolizumab IV every 3 weeks until toxicity
or radiologic/clinical progression. The primary endpoint
of objective response rate (ORR) was seen in 26% of the
1C2/3 group, 18% in the IC1/2/3 groups, and 15% overall
over a one year period. Of those 45 patients with an initial
response, 84% had ongoing responses at 11.7 months. The
most common side effects (rate >20%) included fatigue, low
appetite, nausea, urinary tract infections, and constipation.
Rare side effects include organ inflammation of lung, liver,

Transi Cancer Res 2017;6(1):17-29



22

colon, pancreas, and endocrine organs. In addition, severe
infections and immune-related dysfunction (Guillain-
Barre, encephalitis, myasthenia gravis) were also reported in
addition to teratogenic effects.

Avelumab: PD-L1 monoclonal antibody

Phase 1 clinical trials are ongoing with avelumab (Pfizer/
Merck), a PD-L1 inhibitor, as a second line therapy in
metastatic urothelial cancer. Results of the JAVELIN
trial reported at ASCO 2016 found patients who received
avelumab at 10mg/kg IV every 2 weeks had ORR of 18.2%
(8 of 44 patients), with 2 complete remissions and 6 partial
remissions (29). Similar to atezolizumab, those patients
with greater PD-L1 expression (greater than 5%) had
an increased ORR of 50% versus 4.3% and PFS rate at
6 months of 58.3% versus 16.6%. OS at 12 months was
50.9% for all patients. A Phase III trial has been initiated
for avelumab in the first-line setting for patients with locally
advanced or metastatic urothelial cancer NCT01772004).

Nivolumab: PD-1 monoclonal antibody

The PD-1 inhibitor nivolumab (Opdivo®, Bristol-Myers-
Squibb) was the second immune checkpoint inhibitor
to be granted FDA breakthrough therapy for advanced
urothelial carcinoma. In June of 2016, it was approved
for unresectable locally advanced or metastatic urothelial
carcinoma after progression on a platinum-based regimen
(second line). This designation was based upon two studies
the CHECKMATE-275 and -032 studies. The -275 Phase
II study of 265 patients showed an ORR of 19.6%, a median
PES of 2 months, and a median OS of 8.74 months (22).
Even with those patients whose PD-L1 expression was <1%,
the objective response rate (16.1% versus 23.8% over 1%
expression) was higher than chemotherapy. The response
duration was not reached over a period of 7 months.
Importantly, this study did not evaluate sub-group OS of
those patients with less than 1% PD-L1 expression.

The CHECKMATE-032 trial of 78 patients was
presented at ASCO in June 2016 confirming nivolumab
monotherapy in metastatic urothelial cancer refractory to
platinum-based chemotherapy (30). These patients were
found to have an ORR of 24.4%, an OS of 9.72 months,
and PFS of 2.78 months, surpassing the original study.
Clinically, patients received 3 mg/kg IV nivolumab every
2 weeks until progression. If a patient progressed, they had
the option of continuing with nivolumab combined with
ipilimumab (Yervoy). Importantly this trial observed that a
majority of patients (62.7%) had PD-L1 expression levels
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less than 1% as evaluated by the Dako PD-L1 IHC 28-8
pharmDx kit. Towards that point, expression did not effect
the clinical activity of nivolumab (PD-L1 >1% ORR =24%;
PD-L1 <1% ORR =26.2%). Similar adverse effects to other
studies included fatigue, pruritus, and elevated LFTs. The
data regarding addition of ipilimumab after progression has
yet to be released.

Pembrolizumab: PD-1 monoclonal antibody

The randomized Phase III KEYNOTE-045 study of
the PD-1 inhibitor pembrolizumab (Keytruda®, Merck,
at 200 mg every 3 weeks) in previously treated advanced
urothelial cancer met the primary endpoint of OS when
compared to physician-choice chemotherapy regimens (31).
"The trial was stopped early due the overall efficacy of the drug
as well as there being no additional, unknown side effects
(versus already known PD-1 adverse effects). The population
studied included those patients who were metastatic, locally
advanced, or unresectable who had previously progressed on
a platinum-based chemotherapy (second line). The regimens
pembrolizumab was superior to included paclitaxel (175 mg/m’
every 3 weeks), docetaxel (75 mg/m’ every 3 weeks), and
vinflunine (320 mg/m’ every 3 weeks).

The KEYNOTE-052 study is currently evaluating the
efficacy of pembrolizumab as an active first-line therapy for
locally advanced or metastatic bladder cancer patients who
are unable to use frontline cisplatin-based chemotherapy (32).
Initial results of the first 100 patients were stated at the
ESMO 2016 meeting. The primary endpoint, objective
response rate, was found to be 24%. This study analyzed
the tumor PD-L1 expression on either immune cells or
tumor cells and found likely responders (37%) to harbor
at least 10% PD-L1. Although the OS rate was lower than
chemotherapeutic controls, the duration of response was
longer in cisplatin-ineligible patients.

Ongoing trials include KEYNOTE-057 (NCT02625961)
evaluating pembrolizumab in non-invasive urothelial
cancer unresponsive to BCG as well as KEYNOTE-361
(NCT02853305) evaluating pembrolizumab in combination
with platinum chemotherapy in advanced or metastatic
urothelial cancer (Figure 2).

RCC immunotherapy
CYTOKINES

IL-2
Despite the trend towards molecular inhibitors in the
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Figure 2 Urothelial carcinoma therapies. Therapies are first divided between those that are invasive versus those that are not. If non-

invasive, the first treatment is BCG with a current trial underway for pembrolizumab in the second line. For invasive urothelial carcinoma, if

platinum based chemotherapy is contraindicated, pembrolizumab can be used in the first line setting. Otherwise, a platinum based regimen

should be implemented with nivolumab (PD-1) or atezolizumab (PD-L1) in the second line setting. Avelumab is currently in trial in the first

and second line settings. (Blue: Standard of Care, Orange: Clinical Trials).

last decade, immunotherapy was the primary treatment
for patients with advanced or metastatic RCC. Induction
of a chemokine ‘storm’ with high dose IL-2 was first
trialed in an attempt to form such a strong immunologic
reaction, that tumor cells would be eradicated after the end
of therapy. In Phase II and Phase III clinical trials, high
dose human recombinant IL-2, aldesleukin (Proleukin®,
Prometheus) was found to induce long-term remissions in
carefully selected patients (33,34). Further, the SELECT
trial found that IL-2 could induce objective response rates
(ORR) in metastatic RCC of 30% if they were of clear cell
histology (35). Durable responses in up to 5% (especially
in those with good performance status or younger age)
were seen for up to three years. Trials comparing high-
intensity inpatient treatment versus low dose outpatient
treatment found improved response rates and complete
remissions in the high dose group although no significant
difference in overall survival was found (36). Implementing
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a treatment regimen of 600,000 international IL-2
units per kilogram, every 8 hours for 5 days and for two
total cycles, complete responses were obtainable (23 of
259 patients, 9%) (37). Importantly, prior nephrectomy
within 6 months of immunotherapy increased the three-
year survival rate to 46% (38). These responses come at
a large cost with increased vascular permeability causing
multi-organ dysfunction, severe hypotension and even
death (39). Although inpatient ICU settings are capable of
supporting the patient through these adverse effects, patient
selection is of the utmost importance before initiating
treatment. Recently groups are in early studies investigating
human IL-10 in RCC both alone and in combination with
anti-PD-1 pembrolizumab (see below) (40).

INTERFERON-a

Many trials analyzed the ability of IFN-a as a single agent
in metastatic RCC as well as in combination with IL-2,

Transi Cancer Res 2017;6(1):17-29
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VEGF-inhibitors, and chemotherapy. Only IFN-a alone was
shown to improve OS by 3.8 months and had a similar long-
term remission to IL-2 with significantly less toxicity (41).
The highest OR seen was 15% within a four month period.
Most trials saw an OR of 7.5% and rarely did a durable
remission occur greater than 1 year. A study of 174 patients
treated with INF-a demonstrated a one year survival of
12% with median OS of 8.5 months (42). These studies also
carefully selected patients who were capable of proceeding
with the intense treatment regimen, observing poor
responses in those with any metastases, liver involvement or
an interval metastatic progression of less than 1 year (41).
Opverall, IFN-o therapy has been replaced with the advent
of molecular targeting and immune checkpoint inhibitors.

Immune checkpoint inbibitors

Nivolumab: PD-1 monoclonal antibody

Early immunotherapy studies in RCC were based on the
understanding that most patients progress to metastatic
disease after tyrosine kinase inhibition of the VEGF
or mTOR pathways. Due to the positive early studies
in other cancers, many groups tested the use of human
antibodies against the programmed death-1 (PD-1) immune
checkpoint inhibitor. Phase I studies in the metastatic RCC
population demonstrated similar safety profiles, as seen in
other solid tumor malignancies, with objective responses
and without reaching a maximum tolerated dose (43).

A randomized Phase II trial commenced in 2014 to
evaluate dose-response relationships while assessing the safety
of nivolumab (Opdivo®, Bristol-Myers Squibb) in previously
treated (anti-VEGF) metastatic RCC patients (excluding
those with CNS or autoimmune disease) (44). There was
no dose response relationship found, similar to the Phase I
trial. Importantly, the median OS (18.2 to 25.5 months) was
significantly higher than those of the molecular targeting
agents axitinib and sorafenib (15.2 vs. 16.5 months,
respectively). A subgroup analysis of PD-L1 expression and
efficacy was determined after completion of the study. With
a 5% PD-L1 cutoff, 27% of the patients qualified. These
patients had a longer PFS (4.9 vs. 2.9 months), ORR (31%
vs. 18%), and OS (NR vs. 18.2 months). If the cutoff was 1%
or greater, there were no differences in the two groups.

In November of 2015, Phase III data of the
CHECKMATE-025 trial provided FDA approval of
nivolumab (3 mg/kg every 2 weeks) in advanced RCC
patients with prior anti-VEGF therapy when compared
with everolimus (Afinitor®, Novartis, 10 mg/day) (45).
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Since then the FDA has updated the dose of nivolumab to
a flat 240 mg IV dose every 2 weeks for RCC (46). Similar
patient profiles to those evaluated in the Phase II trial were
incorporated into the Phase III trial. Patients had an OS
of 25 months (nivolumab) versus 19.6 (everolimus) with
more objective, durable responses. Importantly, adverse
effects reported were less with the nivolumab cohort
versus everolimus. Although overall there was no PFS
difference, delayed PFS curves were seen similar to previous
immunotherapy studies suggesting delayed benefit after
treatment. Continuation of therapy beyond those patients
with delayed responses is currently ongoing. This benefit in
nivolumab was seen with or without PD-L1 expression and
a subgroup analysis of those expressing greater or less than
1% PD-L1 was no different. Although patients with higher
levels of PD-L1 have a poor survival, its expression is not
predictive of nivolumab benefit in RCC patients (47).

Atezolizumab & avelumab: PD-L1 monoclonal
antibodies

Phase I data was released in March 2016 to determine the
safety and activity of atezolizumab (Tecentriq®, Roche) in
70 patients with RCC (63 clear cell, 7 non-clear cell) (48).
PD-L1 expression on both the tumor cells and tumor-
infiltrating immune cells was determined and scored on a
0-3 scale. Of the 63 clear cell patients, the median OS was
28.9 months with PFS of 5.6 months and with an ORR of
15%. The OS at 1 year was 81% and at 2 years 58%. Those
with PD-L1 expression scored 1 or greater had an ORR of
18% and a higher 2-year survival rate while those without
PD-L1 expression had an ORR of 9%. Immune related
adverse effects of the class (rash) were most common and
17% of patients had Grade 3—4 fatigue, anemia, and low
phosphorus. No pneumonitis or nephritis was observed.
The study also looked into those who had been previously
treated with an anti-VEGF TKI. Those without prior
VEGF TKI therapy had a higher one and 2-year survival
rate compared to previously treated patients. Interestingly,
higher Fuhrman grade or sarcomatoid features had higher
ORR at 22% with atezolizumab treatment. Important
in this study was that VEGF refractory patients still
responded, albeit in an attenuated manner versus treatment
naive patients.

Other PD-L1 inhibitors are currently being studied
in combination with standard of care as well as novel
TKIs. Similar to the urothelial carcinoma JAVELIN
trial, the JAVELIN Renal 101 trial will investigate
PD-L1 IgG1 monoclonal antibody avelumab in advanced
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RCC (NCT02684006). This will be a first line study
of previously untreated patients using a combination of
tyrosine kinase/VEGF inhibition with axitinib (Inlyta®,
Pfizer) combined with avelumab. Current Phase II and
III trials of atezolizumab are ongoing with and without
anti-VEGF treatment modalities (bevacizumab, sunitinib,
NCT02420821).

Ipilimumab: CTLA-4 monoclonal antibody

PD-1 and CTLA-4 regulate adaptive immunity in a
complementary manner. Whereas CTLA-4 is upregulated
early within T-Cell stimulation to taper T-Cell function,
PD-1 induces T-Cell exhaustion later in the process (49).
The CHECKMATE-016 trial presented Phase I data of
nivolumab and ipilimumab in metastatic RCC (50,51).
Combination nivolumab plus ipilimumab at various doses
(nivolumab 1 mg/kg + ipilimumab 3 mg/kg versus nivolumab
3 mg/kg + ipilimumab 1 mg/kg) were given to 44 metastatic
RCC patients every 3 weeks for 4 cycles followed by
maintenance nivolumab at 3 mg/kg every 2 weeks. 80%
of the patients were previously treated while 20% were
treatment naive. Pneumonitis, colitis, pancreatitis, and
hepatitis were all seen in the initial Phase I trial with adverse
effects seen in 88% of patients. ORR were between 38-45%
depending on dosing profiles with 80% ongoing responses
at 31-34 weeks (52). Recent data presented at ESMO 2016
revealed combination nivolumab with ipilimumab had an
overall response rate of 40.4% in metastatic RCC over a
2-year follow up (50). CHECKMATE-016 continues as
a Phase I trial comparing nivolumab plus various tyrosine
kinase inhibitors versus nivolumab plus ipilimumab in terms
of objective response rate and duration of response with
an estimated completion date of 2018 (NCT01472081).
Treatment adverse effects are similar to other immune
checkpoint inhibitors but at an increased intensity due to
the dual nature of combination inhibition.

Pembrolizumab: PD-L1 monoclonal antibody

With the success of nivolumab in the locally advanced,
metastatic RCC setting, pembrolizumab trials are
currently recruiting participants. The KEYNOTE-427
study is actively determining the ORR, PFS, and OS
of pembrolizumab in both clear cell and non-clear cell
renal carcinomas in the front line setting in treatment
naive patients. Two ongoing Phase II clinical trials are
evaluating pembrolizumab with or without interferon
while another is evaluating the PD-1 inhibitor with or
without standard-of-care pazopanib in the metastatic
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RCC setting (NCT02089685, Memorial Sloan Kettering
14-074). Promising early Phase I trials of monoclonal
antibody axitinib in combination with pembrolizumab
(PD-1 inhibitor) or avelumab (PD-L1 inhibitor) prompted
upcoming Phase III studies with these combinations (53,54).
The Phase I study enrolled 52 treatment naive RCC
patients with 11 discontinuing due to progression or side
effects. Of the remaining 41 patients, 35 had an objective
response: 2 with CR, 33 PR, and 11 with stable disease (53).

Vaccines

Current clinical trials in metastatic RCC are isolating
tumor RINA post-nephrectomy for co-electroporation with
autologous dendritic cells. In addition, a synthetic CD40L
RNA is added as a costimulatory molecule to permit T-Cell
engagement with tumor antigens (55). A Phase II trial
treating patients with nephrectomy plus sunitinib plus
vaccine AGS-003 found a median PFS of 11 months and a
median OS of 30 months. A Phase III trial has accrued and
will determine sunitinib only versus sunitinib plus AGS-003
vaccine (55) (Figure 3).

Conclusions

The integration of immunotherapy has permitted another
paradigm of care for GU oncology patients. Early studies
have made way for Phase III randomized clinical trials
showing efficacy in a selected population of patients in
need of additional therapy. These current and upcoming
Phase III trials will more specifically evaluate PD-1/
PD-L1 inhibition in the front-line setting for many GU
malignancies. Importantly, many efficacious molecular
targeting drugs are being tested in combination with PD
inhibitors and the full spectrum of responses to be seen
with these combos is forthcoming. Similar to results seen
in melanoma with PD-1 and CTLA-4 combinations, PD-1
and anti-VEGF may also be an important synergy in RCC,
while combination chemotherapy-immunotherapy in
urothelial and endocrine-immunotherapy in prostate cancer
may prolong OS and quality of life.

Still, there is much to be learned about immunotherapy.
Specifically, there is no head-to-head data to determine
if inhibition on the T-Cell side with PD-1 or the tumor
side with PD-L1 has better efficacy. Upcoming trials will
need to determine which provides increased tumoricidal
ability and durable responses. Further, the importance
of PD-L1 expression still needs to be explored. PD-L1
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Renal cell
carcinoma

Metastatic

Consider
nephrectomy with
multidisciplinary
team

Consider
nephrectomy versus
cryoablation/RFA

Poor prognosis:
temsirlolimus

Favorable KEYNOTE-427 '
performance status Pembrolizumab f;zekj(ri?ii?b Antl-l-\liFGF
and disease burden +/- TKI
J J
COI’If'Zder Nivolumab

CHECKMATE-016
Nivolumab +
Ipilimumab

Second Anti-

Anti-VEGF VEGF TKI Atezolizumab

TKI

JAVELIN Renal
101 Avelumab

Nivolumab/
levatinib +
Everolimus

Levatinib +
everolimus

Temsirolimus Temsirolimus

Figure 3 Renal cell carcinoma (RCC) therapies. Therapies are first divided between those that are local versus metastatic at diagnosis.
If local, nephrectomy can cure and induce an inflammatory response that kills residual disease. If metastatic, nephrectomy can also be
considered by a multidisciplinary team to induce a similar reaction prior to initiation of systemic treatment. First-line FDA approved agents
include IL-2 (in very selective patients and centers) and anti-VEGF tyrosine kinase inhibitors. Those with a poor prognosis can be initiated
on Temsirolimus in the first-line setting. Trials are ongoing with immunotherapy as frontline therapy. After progression on anti-VEGF
TKI, nivolumab is FDA approved in the second line setting. Other PD-1 and PD-L1 inhibitors are currently in clinical trials for additional
therapeutic options. (Blue: Standard of Care, Orange: Clinical Trials).
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expression has been shown to correlate with responses in
some solid tumors (non-small cell lung cancer) but not at all
in others (urothelial cancer) (56). It is especially important
to determine this subgroup as patients with higher PD-L1
expression may be associated with a poorer prognosis (57).
Although urothelial carcinoma data shows that PD-L1
expression does not portend clinical benefit, there still
may be importance in sub-selecting the patients who will
respond the most to circumvent adverse effects. It remains
to be understood whether PD-L1 expression is more
targetable on the tumor itself or on tumor infiltrating
immune cells. Next, patient stratification and selection
will need to be determined so that immunotherapeutic use
can be tailored to those who will respond appropriately in
genitourinary malignancies. Lastly, further trials will be
needed to determine the neoadjuvant use of immunotherapy
before surgery, adjuvant use of immunotherapy after surgery
as well as the necessity of maintenance therapy in certain
patient subtypes. Immunotherapy has opened new avenues
for GU oncology patients to take advantage of the innate
immune system in an effort to eradicate their malignancies.
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