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Abstract: Background: In the last years, many new treatment options have widened the therapeutic
scenario of genitourinary malignancies. Immunotherapy has shown efficacy, especially in the
urothelial and renal cell carcinomas, with no particular relevance in prostate cancer. However,
despite the use of immune checkpoint inhibitors, there is still high morbidity and mortality among
these neoplasms. Cancer vaccines represent another way to activate the immune system. We sought
to summarize the most recent advances in vaccine therapy for genitourinary malignancies with this
review. Methods: We searched PubMed, Embase and Cochrane Database for clinical trials conducted
in the last ten years, focusing on cancer vaccines in the prostate, urothelial and renal cancer. Results:
Various therapeutic vaccines, including DNA-based, RNA-based, peptide-based, dendritic cells,
viral vectors and modified tumor cells, have been demonstrated to induce specific immune responses
in a variable percentage of patients. However, these responses rarely corresponded to significant
survival improvements. Conclusions: Further preclinical and clinical studies will improve the
knowledge about cancer vaccines in genitourinary malignancies to optimize dosage, select targets
with a driver role for tumor development and growth, and finally overcome resistance mechanisms.
Combination strategies represent possibly more effective and long-lasting treatments.
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1. Introduction

Immunotherapy has represented a breakthrough therapy for many cancer subtypes
in the last years. Among genitourinary (GU) neoplasms, the urothelial carcinoma (UC)
and the renal cell carcinoma (RCC) have benefitted mainly from immune checkpoint
inhibitors (ICIs) both as single agents and in combination with other ICIs or tyrosine
kinase inhibitors (TKIs) [1–13]. However, in prostate cancer (PCa), ICIs have shown
limited efficacy primarily due to an immunologically ‘cold’ and immunosuppressive tumor
microenvironment (TME) [14–18].

Improving immunotherapy efficacy requires combination therapies or different phar-
macological approaches [19]. In fact, the two principal ways to enhance the immune
system’s antitumor activity are blocking the immune-suppressive signals responsible for
the decreased antitumor response (that is, how ICIs work) or stimulating the immune
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activation against specific tumor-associated antigens (TAAs). The latter is the mechanism
used by anticancer vaccines, capable of triggering the immune response actively by admin-
istering antigens conjugated with co-stimulatory molecules or loaded on patients’ immune
cells [20–23]. In this way, antigen-presenting cells (APCs) can recognize, uptake, process,
and present TAAs to naïve T-cells. Generally, intracellular antigens are presented with the
class I major histocompatibility complex (MHC) molecules to CD8+ cells, turning them
into effector cytotoxic lymphocytes (CTLs) [24]. It is more difficult to elicit a cytotoxic
response in the case of extracellular antigens. The class II MHC molecules usually present
them to CD4+ cells [24,25]. However, APCs—especially dendritic cells (DCs)—can process
and present some extracellular antigens through the class I MHC to CD8+ cells, a process
known as antigen cross-presentation whose discovery has been of great importance for
therapeutic vaccines development [25].

Of note, the first two cancer vaccines with therapeutic use were approved for GU
malignancies: Bacillus Calmette–Guerin (BCG) for non-muscle invasive bladder cancer
(NMIBC) and Sipuleucel-T (Provenge®) for metastatic castration-resistant prostate cancer
(mCRPC) [26,27]. Since then, many studies have been conducted, mainly in the metastatic
setting of GU cancers, but no new approvals have followed due to unsatisfactory results.

We conducted a review to summarize the recent advances in using vaccines for GU
malignancies treatment to find out their strengths and weaknesses for future applications.

2. Materials and Methods

We performed a literature search for papers reporting the clinical use of vaccines in
neoplasms of the GU tract published in the last ten years (up to March 2021). We searched
PubMed, Embase, and Web of Science, using keywords, including (‘vaccines’ or ‘vac-
cine therapy’) and (‘bladder cancer/carcinoma’ or ‘urothelial cancer/carcinoma’ or ‘kid-
ney/renal cancer/carcinoma’ or ‘prostate cancer/carcinoma’ or ‘testicular/testis can-
cer/carcinoma’). We considered original researches published in peer-reviewed journals
and conference abstracts in the English language from 2011 to 2021. We discarded letters,
commentary, personal opinions. We included clinical trials (phases I–IV) enrolling human
subjects, whereas we excluded studies on cellular and animal models.

A total of 61 studies were included in our review. No clinical use of vaccines in
testicular cancer was published in the last ten years.

3. Results

Therapeutic cancer vaccines target TAAs alongside adjuvant molecules that can elicit
specific antibodies or cytotoxic immune responses against cancer cells. There are different
ways to present TAAs to the immune system. DNA and RNA encoding TAAs or whole
peptides can be recognized and processed by the APCs; tumor cell lines express TAAs
and can chemotactically attract APCs; viral vectors transfect APCs after being loaded
with prespecified antigens; finally, DCs act as APCs and can be loaded with TAAs [20–23].
These different mechanisms have all been tested in PCa, RCC, and UC [23]. Once rec-
ognized, TAAs trigger APCs maturation. Subsequently, the interaction between class
I MHC and complementary co-stimulatory ligands activates CD8+ T-cells with tumor-
killing properties specifically targeting TAAs. Through class II MHC, APCs activate CD4+

T-lymphocytes. CD4+ can potentiate CD8+ T-lymphocytes proliferation and stimulate
B-lymphocytes activation, resulting in specific antibodies production (Figure 1) [20–23].
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Figure 1. Mechanism of action of therapeutic vaccines in genitourinary malignancies. Tumor-associated antigens (TAAs) 
are expressed on tumor cells. TAAs can be delivered by different mechanisms (peptides, DNA or RNA encoding TAAs, 
and viral vectors carrying TAAs or modified tumor cells), leading to antigen-presenting cells (APCs) activation. Dendritic 
cells (DCs) are themselves APCs and can be loaded with TAAs. After antigen processing, APCs interact with CD8+ T-cells 
through class I major histocompatibility complex (MHC), inducing specific cytotoxic responses against TAA-expressing 
tumor cells. Through class II MHC, APCs activate CD4+ T-cells. CD4+ potentiate CD8+ activation; moreover, they induce 
B-lymphocytes activation for specific antibodies (Abs) production against TAA-expressing tumor cells. 

3.1. Vaccine Therapy in Prostate Cancer (PCa) 
PCa represents the most frequent tumor and the second leading cause of death 

among the Western male population [28]. PCa is an ideal candidate for vaccine therapies, 
given its high targetable number of TAAs, prostatic acid phosphatase (PAP), prostate-
specific antigen (PSA) and prostate-specific membrane antigen (PSMA) among the most 
important [29,30]. The majority of studies focused on mCRPC. Only three phase III trials 
have been conducted. Even if specific immune activation was detectable, vaccines usually 
did not determine significant survival improvement (Table 1). 

Hence, combination therapies and newer targetable antigens are under evaluation 
for improving vaccines efficacy (Table 2). 

3.1.1. Sipuleucel-T and PAP-Targeted Vaccines 
PAP is an ideal candidate for vaccines, being expressed on the prostate epithelium 

[29,30]. Sipuleucel-T, a DCs vaccine loaded with PA2024 (PAP plus granulocyte-macro-
phage colony-stimulating factor (GM-CSF)), so far remains the only approved vaccine for 
asymptomatic or minimally symptomatic mCRPC patients. In the IMPACT phase III trial, 
Sipuleucel-T had yet improved overall survival (OS) (25.8 vs. 21.7 mos; HR = 0.78, 95% 
confidence interval [CI], 0.61–0.98; p = 0.03), but not progression-free survival (PFS), com-
pared to placebo (PBO), with lower PSA levels at baseline predictive of higher OS (13.0 
mos for PSA < 22.1 ng/mL, versus 2.8 mos for PSA > 134 ng/mL), as well as high antibodies 
production [26,31]. More recently, an attempt to combine Sipuleucel-T plus androgen dep-
rivation therapy (ADT) was made in the STAND phase II clinical trial, that showed a 
higher humoral response, related to longer time to PSA progression (p = 0.007) in the non-

Figure 1. Mechanism of action of therapeutic vaccines in genitourinary malignancies. Tumor-associated antigens (TAAs)
are expressed on tumor cells. TAAs can be delivered by different mechanisms (peptides, DNA or RNA encoding TAAs,
and viral vectors carrying TAAs or modified tumor cells), leading to antigen-presenting cells (APCs) activation. Dendritic
cells (DCs) are themselves APCs and can be loaded with TAAs. After antigen processing, APCs interact with CD8+ T-cells
through class I major histocompatibility complex (MHC), inducing specific cytotoxic responses against TAA-expressing
tumor cells. Through class II MHC, APCs activate CD4+ T-cells. CD4+ potentiate CD8+ activation; moreover, they induce
B-lymphocytes activation for specific antibodies (Abs) production against TAA-expressing tumor cells.

3.1. Vaccine Therapy in Prostate Cancer (PCa)

PCa represents the most frequent tumor and the second leading cause of death among
the Western male population [28]. PCa is an ideal candidate for vaccine therapies, given its
high targetable number of TAAs, prostatic acid phosphatase (PAP), prostate-specific antigen
(PSA) and prostate-specific membrane antigen (PSMA) among the most important [29,30].
The majority of studies focused on mCRPC. Only three phase III trials have been conducted.
Even if specific immune activation was detectable, vaccines usually did not determine
significant survival improvement (Table 1).

Hence, combination therapies and newer targetable antigens are under evaluation for
improving vaccines efficacy (Table 2).

3.1.1. Sipuleucel-T and PAP-Targeted Vaccines

PAP is an ideal candidate for vaccines, being expressed on the prostate epithe-
lium [29,30]. Sipuleucel-T, a DCs vaccine loaded with PA2024 (PAP plus granulocyte-
macrophage colony-stimulating factor (GM-CSF)), so far remains the only approved vac-
cine for asymptomatic or minimally symptomatic mCRPC patients. In the IMPACT phase
III trial, Sipuleucel-T had yet improved overall survival (OS) (25.8 vs. 21.7 mos; HR = 0.78,
95% confidence interval [CI], 0.61–0.98; p = 0.03), but not progression-free survival (PFS),
compared to placebo (PBO), with lower PSA levels at baseline predictive of higher OS
(13.0 mos for PSA < 22.1 ng/mL, versus 2.8 mos for PSA > 134 ng/mL), as well as high an-
tibodies production [26,31]. More recently, an attempt to combine Sipuleucel-T plus andro-
gen deprivation therapy (ADT) was made in the STAND phase II clinical trial, that showed
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a higher humoral response, related to longer time to PSA progression (p = 0.007) in the non-
metastatic castration-resistant prostate cancer (nmCRPC), when ADT followed Sipuleucel-T
than vice versa [32]. Similarly, immune system activation was obtained when Sipuleucel-T
was combined with the androgen receptor-targeted agent abiraterone in mCRPC patients.
Of note, the immune response activation was not reduced by concomitant prednisone [33].
The rationale of these combinations stands on the capability of androgen-targeted agents
of interfering with the immune system in various ways, for example favoring T-cell infiltra-
tion [29]. As previously attempted in the phase I study NCT01832870, another possible
combination is Sipuleucel-T plus low-dose ipilimumab (1 mg/kg): 6/9 treated patients
achieved >4 years OS [34,35]. In the mCRPC setting, Sipuleucel-T is currently under evalu-
ation in association with ipilimumab (NCT01804465), Radium-223 (NCT02463799), and a
glycosylated recombinant human interleukin (IL)-7 (NCT01881867). In the neoadjuvant set-
ting, significant activation of T-cells in tumor biopsies was demonstrated with Sipuleucel-T
before radical prostatectomy (RP). However, PFS and OS are not available [36].

DNA vaccines targeting PAP, such as pTVG-HP, induced a PSA decline in about
60% of mCRPC patients [37]. However, no metastasis-free survival (MFS) improvement
was achieved if pTVG-HP was combined with pembrolizumab in recurrent PCa [38].
The combination of pTVG-HP with nivolumab in nmCRPC patients is currently under
investigation (NCT03600350).

The use of multiple PAP-fused cytokines (human/mouse GM-CSF, IL-2, IL-4 and IL-7)
represents a new strategy for vaccines efficacy to be enhanced [39].

3.1.2. PROSTVAC and PSA-Based Vaccines

PSA is a classical biomarker for PCa diagnosis and disease monitoring, representing
a promising vaccine candidate [29,30]. PROSTVAC (PSA-TRICOM) consists of two dif-
ferent poxviral vectors for human PSA (PROSTVAC-V and -F), plus three co-stimulatory
molecules for T-cells (TRICOM). The phase III PROSPECT trial (NCT01322490), enrolling
asymptomatic or minimally symptomatic chemotherapy-naïve mCRPC patients, did not
show an OS improvement and was stopped early after meeting the futility criteria [40].
PSA-TRICOM has also been evaluated as intraprostatic administration, resulting in an
increased CD4+ and CD8+ cells infiltrate in tumor biopsies, determining PSA stability in
10/19 patients [41,42]. The combination of PROSTVAC and ipilimumab was tested in a
phase I trial in mCRPC patients, reporting a PSA decline in about half cases [43]. Baseline
immune settings, such as lower PD1+, high Cytotoxic T-Lymphocyte Antigen (CTLA)-4−

Tregs, were associated with longer OS [44].
Multiple combination trials of PROSTVAC are ongoing: plus nivolumab before RP

(NCT02933255, phase I/II), plus a neoantigen DNA vaccine, nivolumab and ipilimumab
(NCT03532217, phase I) or plus docetaxel (NCT02649855, phase II) in metastatic hormone-
sensitive prostate cancer (mHSPC), plus M7824 (a combined anti-programmed cell death
protein-ligand 1 [PD-L1]/transforming-growth factor [TGF]-βR2 monoclonal antibody)
and the recombinant Avipoxvirus vaccine CV301 in nmCRPC (NCT03315871, phase II).

Among the other PSA-targeted vaccines, the Listeria monocytogenes-based ADX31-
142 is under evaluation combined with Pembrolizumab in the phase I/II study KEYNOTE-
146 (NCT02325557).

3.1.3. PSMA-Based Vaccines

PSMA is expressed on the PCa epithelium, representing an ideal candidate for vac-
cination [29,30]. In a phase I/II dose-escalation study, a DNA-based human leukocyte
antigen (HLA)-A2 binding epitope from PSMA, fused to tetanus toxin, induced specific
CD4+ and CD8+ T-cells in 32 nmCRPC patients, also increasing PSA-doubling time (DT)
from 12 to 16.8 mos (p = 0.0417) [45]. The phase I/II trial NCT02514213 showed an 18-mos
PFS rate of 85% with specific immune responses in over a quarter of nmCRPC patients
after the INP-5150 DNA vaccine (double target of PSA and PSMA) [46]. In the CRPC
setting, 21 patients were randomized to receive DC vaccines with recombinant PSMA
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and Survivin peptides versus docetaxel plus prednisone, reaching an ORR of 72.7% vs.
45.4% [47]. Instead, a viral replicon vector system (VRP) carrying PSMA did not induce
clinical benefit, even if neutralizing antibodies were produced [48]. Among RNA vaccines,
CV-9103 contains PSMA, PSA, prostate stem cell antigen (PSCA) and six-transmembrane
epithelial antigen of the prostate-1 (STEAP1). In a phase I/II trial, CV-9103 induced a
specific immune response. No survival data are available [49].

3.1.4. Other TAAs and Personalized Peptide Vaccination (PPV)

Among the other peptides used as vaccine targets, minimal survival advantages
besides immune responses have been detected (Table 1).

The androgen receptor (AR) is a crucial element for the proliferation and therapy of
PCa [50]. In the phase I trial NCT02411786, the DNA vaccine pTGV-AR, targeting the
androgen receptor (AR), induced longer PSA-PFS in 47% of treated mHSPC patients with
higher T-cells activation (p = 0.003) [51]. The combination of pembrolizumab plus the
double pTVG-HP/ pTVG-AR DNA vaccine is under evaluation (NCT04090528, phase II).

Mucin-1 (MUC1) is a glycoprotein expressed on epithelial cells’ apical surface [29].
In a phase I/II trial enrolling 17 patients with nmCRPC, MUC1 loaded-DCs improved
PSA-DT (p = 0.037) [52]. More recently, a vaccine using the adenoviral vector Ad5 targeting
PSA, MUC-1 and Brachyury induced a PSA decline in 2/12 mCRPC patients in a phase I
trial [53].

NY-ESO-1 is a surface antigen expressed in 15–25% PCa cells [54]. In a phase I
clinical trial, T-cell responses were detected in 9/12 stage IV patients [55]. Moreover, in a
randomized phase IIa trial, 21 chemotherapy-naïve CRPC patients were vaccinated with
DCs loaded with NY-ESO-1, melanoma-associated antigen (MAGE)-C2 and MUC1. Specific
T-cells, detected in about 1/3 patients, correlated with radiological responses [56].

AE37, a human epidermal growth factor receptor (HER)-2 hybrid class I MHC peptide
vaccine, was tested in a phase I trial and induced immunological responses and long
memory (around 4 years) in case of subsequent vaccines boosters [57,58]. Predictive
factors were also investigated: the presence of pre-existing immunity to the native peptide
correlated with PFS; TGF-β inversely related to immunological responses and OS; delayed-
type hypersensitivity was directly associated with OS; and HLA-A*24 and −DRB1*11
alleles induced more robust immunological responses and longer OS [57–60].

Cell division associated 1 (CDCA1) peptide vaccine, administered in the phase I
trial NCT01225471 in 12 CRPC patients progressive to docetaxel, induced specific T-cells
in a quarter of patients, reaching 11 mos of mOS [61]. UV1 peptide vaccine (targeting
telomerase reverse transcriptase (TERT)) induced immune responses in 85.7% of mHSPC
patients, with PSA declining in 64% of cases, in a phase I study [62]. The vaccination
with T-cell receptor gamma chain alternate reading frame protein (TARP) and pulsed
DCs induced specific immune responses and reduced PSA velocity in D0 PCa patients
(NCT00908258) and is currently under evaluation as DCs vaccination in the phase II
NCT02362451 study [63]. In a phase I/II trial (NCT03199872), a peptide vaccine against the
Ras homolog gene family member C (RhoC) GTPase determined strong CD4+ responses in
18/21 patients after RP [64].

The NCT02390063 study demonstrated the elicitation of T-cell responses in patients
with PCa, both before RP and during active surveillance, after the administration of two
replication-deficient viruses, the ChAd (chimpanzee adenovirus) and the MVA (Modified
Vaccinia Ankara) targeting 5T4, an oncofetal self-antigen [65]. The second one, called
TroVax, was already tested with the good capability to induce immune responses in
mCRPC and mRCC, being 5T4 a highly expressed epithelial antigen [66,67]. TroVax was
also tested in a phase II trial combined with docetaxel, achieving a higher mPFS than
docetaxel alone (9.67 vs. 5.1 mos, p = 0.097), strictly connected with baseline PSA [68,69].
Other possible combinations of docetaxel and vaccines have been tested: a Gleason score
downstaging was evidenced in 4/6 patients undergoing RP after receiving docetaxel plus
GVAX (genetically modified irradiated PCa cells), a vaccine initially administered in a
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negative phase III trial [70,71]. Similar evidence of immune response was obtained by
using degarelix + cyclophosphamide + GVAX [72].

Personalized peptide vaccination (PPV) is a novel vaccine strategy consisting of the
administration of selected HLA-matched peptides based on pre-vaccine immunity [73].
Despite PPV representing an attractive strategy for PCa, and even after positive phase II
trials, no survival advantage over PBO emerged in the phase III trial enrolling 310 mCRPC
patients progressing to docetaxel (HR = 1.04; 95%, CI 0.80–1.37; p = 0.77) [74–77]. Possible
biomarkers with predictive roles have also been investigated. Haptoglobin levels were
directly related to OS, whereas IL-6 levels were inversely associated with OS [76,78,79].
Moreover, in a post-hoc analysis of the phase III trial, a very low (<26%) or very high (>64%)
proportion of lymphocytes at baseline determined an OS benefit [74]. However, the per-
sonalized vaccination strategy did not determine significant survival differences besides
immune responses, even in combination with chemotherapy, as emerged in the treatment
of CRPC with personalized autologous dendritic cell-based cancer vaccine (DCvac) plus
docetaxel [80]. A phase III trial is currently ongoing comparing docetaxel + DCvac versus
docetaxel + PBO in the first-line setting of mCRPC (NCT02111577).

Multi-peptides vaccines have also been tested in the CRPC setting, as they were
thought to be more effective due to the immune induction against multiple targets. How-
ever, the 20-peptides vaccine KRM-20 determined only two partial responses (PR) and one
PSA stability among 17 patients in a phase I trial [81]. Similarly, in a phase II trial, KRM-20
combined with docetaxel plus dexamethasone, even if increased specific antibodies and
T-cells, did not determine differences in PSA decline and OS compared to PBO [82].

New peptides are under evaluation as vaccine targets: B-cell lymphoma extra-large
protein (Bcl-xl)_42-CAF09b for mHSPC in the NCT03412786 phase I trial; the TENDU
vaccine-targeting tetanus-epitope targeting (TET), in the phase I NCT04701021 for relapsing
PCa after RP; the RV001V vaccine-targeting RhoC, in the phase II NCT04114825 for patients
with biochemical recurrence after curative radiotherapy (RT) or RP; the combination of BN-
Brachyury Vaccine, M7824, ALT-803 and Epacadostat (QuEST1-NCT03493945, phase I/II)
in the mCRPC setting [83].

3.2. Vaccine Therapy in Urothelial Cancer (UC)

UC has a long and successful history of vaccines use, starting from the Bacillus
Calmette–Guerin (BCG), which represents a cornerstone for the treatment of non-muscle
invasive bladder cancer (NMIBC) since the 1990s [27]. However, BCG failure occurs in
20–50% of patients [84]. Intending to potentiate BCG efficacy, in a randomized phase I
study (NCT01498172), 24 NMIBC patients received a vaccine containing the recombinant
MAGE-A3 protein + the adjuvant AS15 before BCG instillations. In half of the patients,
specific T-cells were subsequently detectable in blood. No survival data are available [85].

Some UC TAAs have been tested mainly on DCs or as peptide vaccines, inducing
immune responses with controversial survival effects in phase I/II trials (Table 1). Survivin-
2B80-88 improved OS in phase I (p = 0.0009) [86]. CDX-1307, targeting the mannose receptor,
induced immune responses in bladder cancer (BCa), but it did not get over phase I because
the N-ABLE NCT01094496 phase II study was stopped early due to slow enrollment [87].
DCs loaded with Wilms tumor (WT)-1 in seven patients with mUC or mRCC determined
specific immune responses and decreased T-regs [88]. S-288310, derived from DEP domain-
containing 1 (DEPDC1) and M-phase phosphoprotein 1 (MPHOSPH1), was administered
to pretreated mUC patients in a phase I/II trial: 89% of patients developed specific T-cells,
reaching mOS of 14.4 mos, with better results if a double induction against both peptides
was obtained [89]. NEO-PV-01 peptide derives by the genomic profiling of patients’ BCa:
in a phase Ib trial, 10/14 patients achieved PR or stable disease (SD) [90].

The PPV strategy has been evaluated in the platinum-progressing mUC. A phase I
trial did not meet its primary endpoint of prolonging PFS among 80 BCa patients; how-
ever, a significantly longer OS was reached than best supportive care (7.9 vs. 4.1 mos;
p = 0.049) [91]. In a phase II trial enrolling 48 patients with metastatic upper tract urothe-
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lial cancer (mUTUC), the development of specific T-cells was associated with longer OS
(p = 0019). A median OS of 7.7 mos was achieved, reaching 13.0 mos if salvage chemother-
apy was associated [92]. Finally, among 12 mUC patients, a phase I trial reported one
complete response (CR), one PR, two SDs, mPFS of 3 mos, and mOS of 8.9 mos [93].

Current trials are ongoing: the peptide vaccine ARG1 (targeting arginase-1) is under
evaluation as a single agent in a phase I trial (NCT03689192); the NCT03715985 study
is evaluating the multi-peptides neo-antigen vaccine NeoPepVac in combination with
anti-PD1/PD-L1 in many solid tumors, including mUC (Table 2).

3.3. Vaccine Therapy in Renal Cell Cancer (RCC)

In the mRCC, different DCs and peptide vaccines have been tested, mostly in phase
I/II trials, with only two published phase III studies (Table 1). With a similar Sipuleucel-
T mechanism, Rocapuldencel-T is composed of DCs plus amplified tumor RNA plus
CD40L RNA. In the ADAPT phase III trial, 462 patients were randomized 2:1 to receive
Rocapuldencel-T plus sunitinib versus standard of care. Even if immune responses were
recorded, the trial failed its primary endpoint of improving OS compared to the control
group (mOS 27.7 vs. 32.4 mos; HR = 1.10, 95% CI, 0.83–1.40). Still, a trend toward better OS
was evidenced in the case of more robust immune responses [94]. In the adjuvant setting,
autologous-antigens loaded DCs plus cytokine-induced killer cells (CIK) were compared
to α-interferon (IFN) in 410 patients, improving PFS and OS (3-year OS rate 96% vs. 83%;
5-year OS rate 96% vs. 74%; p < 0.01) [95].

Among the peptide vaccines, EC90, a folate-targeted vaccine, plus α-IFN and IL-2,
induced seven SDs and one PR in 24 patients in a phase I/II study [96]. Nine patients
with progressive mRCC, treated with hypoxia-inducible protein-2 (HIG-2) peptide vaccine
obtained a DCR of 77.8% and an mPFS of 10.3 mos [97]. GX301 vaccine is composed by four
telomerase peptides plus Imiquimod and Montanide ISA-51 as adjuvant [98]. Telomerase
contributes to tumor immortalization, but it is not expressed by somatic cells [99]. GX301
induced specific immunological responses in over 2/3 of vaccinated mRCC or mCRPC
patients, with a trend for better OS (around 11 mos) [98].

Among the different subtypes of renal cancer, clear-cell renal cell carcinoma (ccRCC)
is exceptionally responsive to immunotherapy and has been historically considered the
ideal subtype to treat with vaccines [100]. However, in the IMPRINT phase III trial,
IMA901 (composed of 10 tumors-associated peptides) plus GM-CSF, cyclophosphamide
and sunitinib did not improve OS for the 339 randomized patients in the first-line setting
(mOS 33.2 vs. 33.7 mos; HR = 1.34, 95% CI, 0.96–1.86; p = 0.087), even if immune activation
had previously been evidenced in phase II [101,102]. PPV with vascular endothelial growth
factor receptor (VEGFR)-1 was administered in 18 ccRCC patients. Among them, two PRs
and five SDs with a median duration of response of 16.5 mos were observed [103]. TG-4010
is an MVA vector-based vaccine of IL-2 and MUC-1 that induced an mOS of 19.3 mos
among the 27 ccRCC patients in a phase II trial [104].

Aiming to identify predictive biomarkers for therapeutic vaccines, blood parameters
at baseline (platelets, neutrophils, monocytes, hemoglobin and LDH), the presence of bone
metastases, the MSKCC score, the Fuhrman grade and the ECOG-performance status have
been investigated in RCC [66,68,95].

Novel vaccine targets have been proposed for future clinical studies: hypoxia-inducible
factor (HIF)-1α, being the RCC often associated with the mutation of Von Hippel-Lindau
(VHL) gene and dependent on the upregulation of HIF; PD-L1 derived peptides, as RCC is
sensitive to immunotherapy control [105,106]. Among the ongoing trials, NCT02950766
evaluates the neo-antigen NeoVax plus Ipilimumab (phase I); the NCT03289962 phase
I study is testing the vaccine RO7198457 plus atezolizumab; the NCT03294083 phase Ib
trial is assessing the Pexa-Vec vaccine (Thymidine Kinase-Deactivated Vaccinia Virus)
plus the anti-PD1 Cemiplimab. Finally, the NCT02643303 phase I/II study evaluates the
combination of tremelimumab as in situ vaccination, durvalumab and the TME modulator
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polyICLC, in subjects with advanced solid tumors, including RCC, UC, PCa and testicular
cancer (Table 2).

Table 1. Vaccine therapies in genitourinary malignancies. Principal TAAs and key findings of the studies with therapeutic
cancer vaccines are reported.

TAA Vaccine Name Type of
Vaccine Combination Population Phase Key Findings Reference

PAP

Sipuleucel-T
(Provenge®) DC

/ mCRPC III

mOS: 25.8 vs. 21.7 mos
(HR = 0.78; 95% CI, 0.61–0.98;
p = 0.03); no PFS improvement;

lower baseline PSA levels
predictive of OS

[26,31]

ADT nmCRPC II

Humoral response with
Sipuleucel-T→ADT than vice
versa, related to longer TTP for

PSA (p = 0.007)

[32]

Abiraterone mCRPC II Immune responses,
not reduced by prednisone [33]

Ipilimumab mCRPC I >4 years OS in 6/9 pts [34,35]

/ Neoadjuvant
PCa II T-cells activation in tumor

biopsies [36]

pTVG-HP DNA
/ mCRPC PSA decline in ~60% patients [37]

Pembrolizumab Recurrent PCa II No MFS improvement [38]

PSA
PROSTVAC

(PSA-
TRICOM)

Viral vector

/ mCRPC III No survival improvement;
early terminated [40]

/(intraprostatic) Recurrent PCa I
Increased CD4+/CD8+ in
tumor biopsies, PSA SD in

10/19 pts
[41,42]

Ipilimumab mCRPC I

PSA decline in ~50% pts,
low PD1+ /high CTLA4−

Tregs associated with longer
OS

[43,44]

PSMA
DNA / nmCRPC I/II PSA-DT 16.8 vs. 12.0 mos

(p = 0.0417) [45]

VRP / mCRPC I Antibodies production;
no clinical benefit [48]

PSA + PSMA INP-5150 DNA / nmCRPC I/II 18 mos PFS rate: 85% [46]

PSMA +
Survivin DC (vs. Docetaxel

+ prednisone) mCRPC I ORR: 72.7% vs. 45.4% [47]

PSMA + PS +
PSCA +
STEAP1

CV-9103 RNA / mCRPC I/II Immune responses [49]

AR pTGV-AR DNA / mHSPC I Longer PSA-PFS in case of
T-cells activation (p = 0.003) [51]

MUC1 DC / nmCRPC I/II Improved PSA-DT (p = 0.037) [52]

MUC1 + PSA
+ Brachyury Viral / mCRPC I PSA decline in 2/12 pts [53]

MUC1 + IL2 TG-4010 Viral vector / ccRCC II mOS: 19.3 mos [104]

NY-ESO-1 Peptide / Stage IV PCa I T-cell responses in 9/12 pts,
no survival data [55]

NY-ESO-1 +
MAGE-C2 +

MUC1
DC / mCRPC IIa

T-cell responses in ~30% pts,
related to radiological

responses
[56]

HER-2 AE37 Peptide / HER-2+ PCa I

Long memory (4 years) with
multiple boosters; pre-existing

immunity related to PFS,
TGF-β inversely related to OS,
HLA-A*24/DRB1*11 related

to OS

[57–60]



Vaccines 2021, 9, 623 9 of 19

Table 1. Cont.

TAA Vaccine
Name

Type of
Vaccine Combination Population Phase Key Findings Reference

CDCA1 Peptide / mCRPC I mOS: 11 mos [61]

UV1 Peptide / mHSPC I
Immune responses in

85.7%, PSA declining in
64% pts

[62]

TARP Peptide + DC / D0 PCa I Specific immune responses,
reduced PSA velocity [63]

RhoC Peptide / PCa after RP I/II CD4+ responses in 18/21
pts [64]

5T4
Double viral

vector /

Neoadjuvant,
active

surveillance—
PCa

I
T-cell responses before RP

and during active
surveillance

[65]

TroVax Viral Docetaxel mCRPC II
mPFS: 9.67 mos (vs. 5.1

docetaxel alone; p = 0.097),
related to baseline PSA

[68,69]

Modified
PCa cells

GVAX Cell line

Docetaxel Neoadjuvant
PCa II Gleason score downstaging

in 4/6 pts [70,71]

Degarelix +
cyclo-

phosphamide

Neoadjuvant
PCa I/II Immune responses [72]

PPV

Peptide / mCRPC III

No survival advantage
(HR = 1.04; p = 0.77);
OS benefit with very
low/high baseline

lymphocytes

[74–77]

DCvac DC Docetaxel mCRPC II Immune responses,
no survival advantage [80]

Peptide / BCa I
mOS: 7.9 mos (vs. 4.1 BSC;

p = 0.049), no PFS
advantage

[91]

Alone or plus
chemother-

apy
mUTUC II

Longer OS in case of
immune response

(p = 0.019); mOS: 7.7 mos
(13.0 mos plus CT);

[92]

Peptide / mUC I 1/12 CR, 1/12 PR, 2/12 SD,
mPFS 3 mos, mOS 8.9 mos [93]

20-peptides KRM-20 Peptide

/ mCRPC I 2/17 PR, 1/17 PSA stability [81]

Docetaxel +
dexametha-

sone
mCRPC II

Increased specific
antibodies and T-cells,

no PSA/OS differences vs.
PBO

[82]

MAGE-A3 Peptide Before BCG NMIBC I Specific T-cells in ~50% pts,
no survival data [85]

Survivin Peptide / mUC I, II Improved OS (p = 0.0009) [86]

Mannose
receptor CDX-1307 Peptide / mUC I

Immune responses,
early stopping of phase II

due to slow enrollment
[87]

WT1 DC / mUC, mRCC I/II Specific immune responses,
decreased Tregs [88]
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Table 1. Cont.

TAA Vaccine
Name

Type of
Vaccine Combination Population Phase Key Findings Reference

DEPDC1 +
MPHOSPH1 S-288310 Double

peptide / mUC I/II

mOS: 14.4 mos, better
results with immune
response against two

peptides

[89]

NEO-PV-01 Peptide / BCa Ib PR/SD in 10/14 pts [90]

CD40L +
RCC RNA

Rocapuldencel-
T DC + RNA Sunitinib mRCC III

No OS improvement over
Sunitinib (mOS 27.7 vs.

32.4 mos; HR = 1.1, 95% ci,
0.83–1.40); trend for better

OS in case of robust
immune response

[94]

Autologous
antigens DC CIK Resected

RCC III

Compared to α-IFN,
PFS improvement; 3-year

OS rate 96% vs. 83%; 5-year
OS rate 96% vs. 74%;

p < 0.01

[95]

Folate EC-90 Peptide α-IFN, IL-2 mRCC I/II 7/24 SD, 1/24 PR [96]

HIG-2 Peptide / mRCC I DCR 77.8%, mPFS 10.3 mos [97]

Telomerase GX301 Peptide / mRCC,
mCRPC I/II

Immune responses with
trend for better OS

(~11 mos)
[98]

10-peptides IMA901 Peptide Sunitinib ccRCC III

No OS advantage (mOS
33.2 vs. 33.7 mos;

HR = 1.34, 95% CI,
0.96–1.86; p = 0.087)

[101,102]

VEGFR1 Peptide / ccRCC I 2/18 PR, 5/18 SD,
mDOR 16.5 mos [103]

AR, androgen receptor; BCa, bladder cancer; ccRCC, clear-cell renal cell carcinoma; CDCA1, cell division associated 1; CI, confidence
interval; CIK, cytokine-induced killer cells; CR, complete response; CT, chemotherapy; DC, dendritic cells; DCR, disease-control rate;
DEPDC1, DEP domain-containing 1; GM-CSF, granulocyte–macrophage colony-stimulating factor; HER-2, human epidermal growth factor
receptor 2; HIG-2, hypoxia-inducible protein 2; HR, hazard ratio; IFN, interferon; IL, interleukin; MAGE, melanoma-associated antigen;
mCRPC, metastatic castration resistant prostate cancer; mDOR, median duration of response; MFS, metastasis-free survival; mHSPC,
metastatic hormone sensitive prostate cancer; mOS, median overall survival; m PFS, median progression-free survival; MPHOSPH1,
M-phase phosphoprotein 1; mRCC, metastatic renal cell cancer; mUC, metastatic urothelial cancer; MUC1, mucin-1; mUTUC, metastatic
upper tract urothelial cancer; nmCRPC, non-metastatic castration resistant prostate cancer; NMIBC, non-muscle invasive bladder cancer;
ORR, overall response rate; PAP, prostatic acid phosphatase; PBO, placebo; PCa, prostate cancer; PPV, personalized peptide vaccination; PR,
partial response; PSA, prostate specific antigen; PSA-DT, PSA doubling time; PSCA, prostate stem cell antigen; RhoC, Ras homolog gene
family member C; RP, radical prostatectomy; SD, stable disease; STEAP1, six-transmembrane epithelial antigen of the prostate-1;TAA,
tumor-associated antigens; TARP, T-cell receptor gamma chain alternate reading frame protein; TGF, transforming growth factor; TTP,
time to progression; VEGFR, vascular endothelial growth factor receptor; VRP, viral replicon vector; WT, Wilms tumor.

Table 2. Ongoing trials with therapeutic vaccines and their combinations in genitourinary malignancies.

Clinicaltrials.gov
Registration

Number
Phase Setting Vaccine Antigen Combination

NCT01804465 II mCRPC Sipuleucel-T PAP Ipilimumab (immediate vs.
delayed)

NCT02463799 II mCRPC Sipuleucel-T PAP Radium-223

NCT01881867 II mCRPC Sipuleucel-T PAP Glycosylated recombinant
human IL-7

NCT03600350 II nmCRPC pTGV-HP PAP Nivolumab
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Table 2. Cont.

Clinicaltrials.gov
Registration

Number
Phase Setting Vaccine Antigen Combination

NCT04090528 II mCRPC pTGV-HP +
pTGV-AR PAP, AR Pembrolizumab

NCT02933255 I/II NAD PCa PROSTVAC PSA Nivolumab

NCT03532217 I mHSPC PROSTVAC PSA Neoantigen DNA vaccine,
Nivolumab, Ipilimumab

NCT02649855 II mHSPC PROSTVAC PSA Docetaxel

NCT03315871 II nmCPRC PROSTVAC PSA
M7824

(anti-PD-L1/TGF-βR2),
CV301

NCT02325557
(KEYNOTE-146) I/II mCRPC ADX31-142 PSA Pembrolizumab

NCT02362451 II nmCRPC TARP DC TARP /

NCT02111577 III mCRPC DCvac PPV Docetaxel vs. PBO

NCT03412786 I mHSPC Bcl-xl_42-CAF09b
peptide vaccine BCl-xl /

NCT04701021 I Relapsing PCa after
RP

TENDU peptide
conjugate TET /

NCT04114825 II
Biochemical

recurrent PCa after
RT/RP

RV001V peptide
vaccine RhoC /

NCT03493945 I/II mCRPC BN-Brachyury Brachyury M7824, ALT-803,
Epacadostat

NCT03689192 I mUC ARG1 Arginase-1 /

NCT03715985 I/II mUC NeoPepVac Personalized
neoantigen Anti-PD1/PD-L1

NCT02950766 I mRCC NeoVax Personalized
neoantigen Ipilimumab

NCT03289962 I mRCC RO7198457 20 TAAs Atezolizumab

NCT03294083 Ib mRCC Pexa-Vec Thymidine-kinase Cemiplimab

NCT02643303 I/II
Advanced RCC, UC,

PCa, testicular
cancer

In situ vaccination
with tremelimumab Durvalumab, polyICLC

AR, androgen receptor; BCl-xl, B-cell lymphoma extra-large protein; IL, interleukin; mCRPC, metastatic castration resistant prostate cancer;
mHSPC, metastatic hormone sensitive prostate cancer; mRCC, metastatic renal cell carcinoma; mUC, metastatic urothelial carcinoma; NAD,
neo-adjuvant; nmCRPC, non-metastatic castration resistant prostate cancer; PAP, prostatic acid phosphatase; PCa, prostate cancer; PD1,
programmed death 1; PD-L1, programmed death-ligand 1; PPV, personalized peptide vaccination; PSA, prostate specific antigen; RhoC,
Ras homolog gene family member C; RP, radical prostatectomy; RT, radiotherapy; TAA, tumor-associated antigen; TARP, T-cell receptor
gamma chain alternate reading frame protein; TET, tetanus-epitope targeting; TGF, transforming growth factor.

4. Discussion

In the last years, immunotherapy has widened the therapeutic scenario of many
cancer subtypes. The top results have been obtained in the urological field among RCC
and UC. In the mRCC, ICIs prolonged survival as single agents in pretreated patients
and combinations with other ICIs or TKIs in the first line [1–7]. In the mUC, ICIs were
superior to chemotherapy in the second-line setting; in the first line, pembrolizumab
and atezolizumab showed superiority to chemotherapy for PD-L1 positive cisplatin-unfit
patients, whereas the combination of ICIs and chemotherapy did not confer a significant
survival advantage [8–12]. The anti-PD-L1 avelumab prolonged OS as maintenance therapy
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in mUC [13]. Regarding PCa, only minimal efficacy has been detected, mainly due to
its immunosuppressive TME; therefore, to potentiate the immune system stimulation,
novel combinations with chemotherapy, TKIs and Poly ADP-ribose polymerase (PARP)-
inhibitors are currently under evaluation [14–19].

However, besides blocking the immune-suppressive signals that decrease the anti-
tumor response, the other way to enhance the immune system’s antitumor activity is the
active stimulation against specific TAAs. In fact, TAAs on tumor cells, after binding with
the MHC molecules on the APCs, induce T-cell activation and specific immune response.
However, this theoretically effective mechanism has led to a small number of responders
in most studies, with no significant survival improvements, even among those developing
specific immune responses (Table 1). Different points of view could explain this failure.
For example, various TAAs are expressed in different tumor areas because of tumor hetero-
geneity, many of which could not be targeted by the administered vaccine. Furthermore,
not all the peptides can induce specific immune responses, and the selection of immun-
odominant peptides represents another limitation of vaccines. In fact, the frequency of
a TAA does not always relate to its immunogenicity; therefore, in some cases, a weak
immune response is activated. An example of this concept emerged from a retrospective
study of mCRPC and mUC patients treated with PPV, in which different antigens selection
determined different survival values [107]. Finally, immune escape mechanisms can de-
velop after vaccination, leading to its failure [108]. In vaccine therapy, immune escape relies
on the exhaustion of effector T-cells due to the upregulation of inhibitory molecules, such as
PD-1, CTLA-4 and Lymphocyte-activation gene (LAG)-3, on T-cells surfaces. The immune
escape is favored by the continuous exposure to antigens and potentiated by different
elements within the TME, such as cells (Tregs, myeloid-derived suppressor cells (MDSCs),
tumor-associated macrophages (TAMs) and natural killer (NK) cells), cytokines (γ-IFN, IL6,
IL10 and TGF-β) and other soluble factors (Indoleamine-pyrrole 2,3-dioxygenase (IDO)
and VEGF), and determines T-cells loss of function [109,110] (Figure 2).

This weakness could rationally be overcome by combining vaccines and ICIs, result-
ing in a more robust T-cells activation [111]. Effectively, vaccines induce specific T-cells
infiltration that makes the TME more susceptible to ICIs, and conversely, ICIs interrupt the
inhibitory effect of the PD-1/PD-L1 pathway [112]. Indeed, the concomitant or sequential
administration of vaccines and ICIs remains an open question, together with the time and
administering schedule [110]. Of note, the immunosuppressive elements within the TME,
such as Tregs, MDSCs, TAMs, NK cells, TGF-β, IL-10, IDO and VEGF, are also a future
possibility for combining vaccine therapy with other agents directed specifically against
these pathways [30].

Besides the ICIs combinations, we should investigate other possible options for poten-
tiating the vaccines’ efficacy. For example, it is well-known that RT has immunomodulant
effects, i.e., increased MHC expression, APCs activity and inflammatory cytokine pro-
duction; nevertheless, the combination of vaccines plus RT regimens has been poorly
investigated after the first experiences reporting no significant results [113,114]. More-
over, the combination of vaccines and chemotherapy has been inadequately tested, as for
many years the incompatibility of these two pharmacological classes has been postulated,
and some trials were prematurely stopped without reaching the accrual or even due to
an increased death rate [69,71,115,116]. Regarding TKIs, it is known that they exhibit im-
munomodulatory properties, such as increased tumor infiltration of T-cells and reduction
of the production of anti-inflammatory mediators, explaining the success of combinations
with ICIs also among GU tumors [1–5,117]. However, TKIs also exert immunosuppressive
properties, such as reducing the production and function of T/NK cells and inducing the
production of IL-10 [117]. Immunosuppressive effects have also been reported when TKIs
were concomitantly administered with vaccines, whereas a potentiation of immune re-
sponses was evidenced after sequential therapy [118]. Therefore, future new combinations
with vaccines, dosage and, above all, timing, should be carefully investigated.
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with cells (e.g., myeloid-derived suppressor cells (MDSCs), tumor-associated macrophages (TAMs), natural killer (NK)
cells and Treg cells), cytokines (e.g., interferon (IFN), interleukin (IL)-6, IL10, transforming growth factor (TGF)-β) and
other soluble factors (e.g., vascular endothelial growth factor (VEGF) and indoleamine-pyrrole 2,3-dioxygenase (IDO)),
results in loss of function of T-cells, with an increased expression of inhibitory receptors (e.g., programmed death (PD)-1,
cytotoxic T-lymphocyte antigen (CTLA)-4, lymphocyte-activation gene (LAG)-3) on T-cells surface. (2) Heterogeneity
of tumor-associated antigens (TAAs) in different tumor areas: a particular vaccine could not target all the tumor areas.
(3) Selection of immunodominant antigens capable of triggering a robust immune response (of note, the frequency of an
antigen does not correlate with its immunogenicity).

Despite many years of experience with vaccines, most studies did not get over the I/II
phases and limited numbers of treated patients. Therefore, randomized trials enrolling
larger populations could clarify the possible advantages and future applications in daily
practice. In addition to them, preclinical studies, including cancer cell cultures and animal
models, could further elucidate the vaccines’ role in the GU field, allowing a more profound
knowledge of tumor immunologic features and their interactions for dosage, timing and
combinations to be optimized. Furthermore, it is of the utmost importance to search for
tissue and blood biomarkers with a predictive role to better perform a more accurate patient
selection [119–121].

5. Conclusions

Immunotherapy is quickly changing the treatment landscape of many solid tumors,
including those of the GU tract. However, low response rates and resistance mechanisms
force new alternative pathways to be explored. Vaccines might represent effective means
to stimulate the immune system. Their concomitant or sequential combination with other
regimens must be more deeply evaluated in prospective trials to maximize the benefits
for the highest number of patients. More extensive knowledge of the biological and
immunological features of the different malignancies and the interactions with the host
immune system is needed. Biomarkers with predictive roles will improve patient selection
and enhance survival outcomes in the GU field.
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A.; et al. Avelumab Maintenance Therapy for Advanced or Metastatic Urothelial Carcinoma. N. Engl. J. Med. 2020, 383, 1218–1230.
[CrossRef] [PubMed]

14. Antonarakis, E.S.; Goh, J.C.; Gross-Goupil, M.; Vaishampayan, U.N.; Piulats, J.M.; De Wit, R.; Alanko, T.; Fukasawa, S.; Tabata,
K.; Feyerabend, S.; et al. Pembrolizumab for metastatic castration-resistant prostate cancer (mCRPC) previously treated with
docetaxel: Updated analysis of KEYNOTE-199. J. Clin. Oncol. 2019, 37, 216. [CrossRef]

15. Sharma, P.; Pachynski, R.K.; Narayan, V.; Flechon, A.; Gravis, G.; Galsky, M.D.; Mahammedi, H.; Patnaik, A.; Subudhi, S.K.;
Ciprotti, M.; et al. Initial results from a phase II study of nivolumab (NIVO) plus ipilimumab (IPI) for the treatment of metastatic
castration-resistant prostate cancer (mCRPC.; CheckMate 650). J. Clin. Oncol. 2019, 37, 142. [CrossRef]

http://doi.org/10.1056/NEJMoa2035716
http://doi.org/10.1056/NEJMoa2026982
http://doi.org/10.1016/S1470-2045(20)30436-8
http://doi.org/10.1016/S0140-6736(19)30723-8
http://doi.org/10.1056/NEJMoa1816047
http://www.ncbi.nlm.nih.gov/pubmed/30779531
http://doi.org/10.1056/NEJMoa1712126
http://www.ncbi.nlm.nih.gov/pubmed/29562145
http://doi.org/10.1056/NEJMoa1510665
http://www.ncbi.nlm.nih.gov/pubmed/26406148
http://doi.org/10.1016/S0140-6736(20)30230-0
http://doi.org/10.1016/S1470-2045(17)30616-2
http://doi.org/10.1016/S1470-2045(17)30065-7
http://doi.org/10.1056/NEJMoa1613683
http://www.ncbi.nlm.nih.gov/pubmed/28212060
http://doi.org/10.1016/S0140-6736(17)33297-X
http://doi.org/10.1056/NEJMoa2002788
http://www.ncbi.nlm.nih.gov/pubmed/32945632
http://doi.org/10.1200/JCO.2019.37.7_suppl.216
http://doi.org/10.1200/JCO.2019.37.7_suppl.142


Vaccines 2021, 9, 623 15 of 19

16. Kwon, E.D.; Drake, C.G.; Scher, H.I.; Fizazi, K.; Bossi, A.; Eertwegh, A.J.M.V.D.; Krainer, M.; Houede, N.; Santos, R.; Mahammedi,
H.; et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate cancer that had
progressed after docetaxel chemotherapy (CA184-043): A multicentre, randomised, double-blind, phase 3 trial. Lancet Oncol.
2014, 15, 700–712. [CrossRef]

17. Fakhrejahani, F.; Madan, R.A.; Dahut, W.L.; Karzai, F.; Cordes, L.M.; Schlom, J.; Gulley, J.L. Avelumab in metastatic castration-
resistant prostate cancer (mCRPC). J. Clin. Oncol. 2017, 35, 159. [CrossRef]

18. Madan, R.A.; Gulley, J.L. Finding an Immunologic Beachhead in the Prostate Cancer Microenvironment. J. Natl. Cancer Inst. 2018,
111, 219–220. [CrossRef]

19. Bansal, D.; Reimers, M.; Knoche, E.; Pachynski, R. Immunotherapy and Immunotherapy Combinations in Metastatic Castration-
Resistant Prostate Cancer. Cancers 2021, 13, 334. [CrossRef] [PubMed]

20. Saade, F.; Petrovsky, N. Technologies for enhanced efficacy of DNA vaccines. Expert Rev. Vaccines 2012, 11, 189–209. [CrossRef]
21. Kreiter, S.; Diken, M.; Selmi, A.; Türeci, Ö.; Sahin, U. Tumor vaccination using messenger RNA: Prospects of a future therapy.

Curr. Opin. Immunol. 2011, 23, 399–406. [CrossRef]
22. Gilboa, E. DC-based cancer vaccines. J. Clin. Investig. 2007, 117, 1195–1203. [CrossRef] [PubMed]
23. Surolia, I.; Gulley, J.; Madan, R.A. Recent advances in the use of therapeutic cancer vaccines in genitourinary malignancies. Expert

Opin. Biol. Ther. 2014, 14, 1769–1781. [CrossRef] [PubMed]
24. Tagliamonte, M.; Petrizzo, A.; Tornesello, M.L.; Buonaguro, F.M.; Buonaguro, L. Antigen-specific vaccines for cancer treatment.

Hum. Vaccines Immunother. 2014, 10, 3332–3346. [CrossRef]
25. Sánchez-Paulete, A.; Teijeira, A.; Cueto, F.; Garasa, S.; Pérez-Gracia, J.; Arraez, A.S.; Sancho, D.; Melero, I. Antigen cross-

presentation and T-cell cross-priming in cancer immunology and immunotherapy. Ann. Oncol. 2017, 28, 44–55. [CrossRef]
26. Kantoff, P.W.; Higano, C.S.; Shore, N.D.; Berger, E.R.; Small, E.J.; Penson, D.F.; Redfern, C.H.; Ferrari, A.C.; Dreicer, R.; Sims,

R.B.; et al. Sipuleucel-T Immunotherapy for Castration-Resistant Prostate Cancer. N. Engl. J. Med. 2010, 363, 411–422. [CrossRef]
27. Lamm, D.L.; Thor, D.E.; Harris, S.C.; Reyna, J.A.; Stogdill, V.D.; Radwin, H.M. Bacillus Calmette-guerin Immunotherapy of

Superficial Bladder Cancer. J. Urol. 1980, 124, 38–42. [CrossRef]
28. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef]
29. Powers, E.; Karachaliou, G.S.; Kao, C.; Harrison, M.R.; Hoimes, C.J.; George, D.J.; Armstrong, A.J.; Zhang, T. Novel therapies are

changing treatment paradigms in metastatic prostate cancer. J. Hematol. Oncol. 2020, 13, 1–13. [CrossRef] [PubMed]
30. Cha, H.-R.; Lee, J.H.; Ponnazhagan, S. Revisiting Immunotherapy: A Focus on Prostate Cancer. Cancer Res. 2020, 80, 1615–1623.

[CrossRef] [PubMed]
31. Schellhammer, P.F.; Chodak, G.; Whitmore, J.B.; Sims, R.; Frohlich, M.W.; Kantoff, P.W. Lower Baseline Prostate-specific Antigen

Is Associated with a Greater Overall Survival Benefit from Sipuleucel-T in the Immunotherapy for Prostate Adenocarcinoma
Treatment (IMPACT) Trial. Urology 2013, 81, 1297–1302. [CrossRef] [PubMed]

32. Antonarakis, E.S.; Kibel, A.S.; Yu, E.Y.; Karsh, L.I.; ElFiky, A.; Shore, N.D.; Vogelzang, N.J.; Corman, J.M.; Millard, F.E.; Maher,
J.C.; et al. Sequencing of Sipuleucel-T and Androgen Deprivation Therapy in Men with Hormone-Sensitive Biochemically
Recurrent Prostate Cancer: A Phase II Randomized Trial. Clin. Cancer Res. 2017, 23, 2451–2459. [CrossRef] [PubMed]

33. Small, E.J.; Lance, R.S.; Gardner, T.A.; Karsh, L.I.; Fong, L.; McCoy, C.; Devries, T.; Sheikh, N.A.; Guhathakurta, D.; Chang,
N.; et al. A Randomized Phase II Trial of Sipuleucel-T with Concurrent versus Sequential Abiraterone Acetate plus Prednisone in
Metastatic Castration-Resistant Prostate Cancer. Clin. Cancer Res. 2015, 21, 3862–3869. [CrossRef]

34. Scholz, M.; Yep, S.; Chancey, M.; Kelly, C.; Chau, K.; Turner, J.; Lam, R.; Drake, C.G. Phase I clinical trial of sipuleucel-T combined
with escalating doses of ipilimumab in progressive metastatic castrate-resistant prostate cancer. ImmunoTargets Ther. 2017, 6,
11–16. [CrossRef] [PubMed]

35. Ku, J.; Wilenius, K.; Larsen, C.; De Guzman, K.; Yoshinaga, S.; Turner, J.S.; Lam, R.Y.; Scholz, M.C. Survival after sipuleucel-T
(SIP-T) and low-dose ipilimumab (IPI) in men with metastatic, progressive, castrate-resistant prostate cancer (M-CRPC). J. Clin.
Oncol. 2018, 36, 368. [CrossRef]

36. Fong, L.; Weinberg, V.; Chan, S.; Corman, J.; Amling, C.; Stephenson, R.; Simko, J.; Sims, R.; Carroll, P.; Small, E. Neoadjuvant
Sipuleucel-T in Localized Prostate Cancer: Effects on Immune Cells within the Prostate Tumor Microenvironment. Ann. Oncol.
2012, 23, ix310. [CrossRef]

37. McNeel, D.G.; Eickhoff, J.C.; Wargowski, E.; Zahm, C.; Staab, M.J.; Straus, J.; Liu, G. Concurrent, but not sequential, PD-1 blockade
with a DNA vaccine elicits anti-tumor responses in patients with metastatic, castration-resistant prostate cancer. Oncotarget 2018,
9, 25586–25596. [CrossRef]

38. McNeel, D.G.; Eickhoff, J.C.; Johnson, L.E.; Roth, A.R.; Perk, T.G.; Fong, L.; Antonarakis, E.S.; Wargowski, E.; Jeraj, R.; Liu,
G. Phase II Trial of a DNA Vaccine Encoding Prostatic Acid Phosphatase (pTVG-HP [MVI-816]) in Patients with Progressive,
Nonmetastatic, Castration-Sensitive Prostate Cancer. J. Clin. Oncol. 2019, 37, 3507–3517. [CrossRef] [PubMed]

39. Fujio, K.; Watanabe, M.; Ueki, H.; Li, S.-A.; Kinoshita, R.; Ochiai, K.; Futami, J.; Watanabe, T.; Nasu, Y.; Kumon, H. A vaccine
strategy with multiple prostatic acid phosphatase-fused cytokines for prostate cancer treatment. Oncol. Rep. 2015, 33, 1585–1592.
[CrossRef]

40. Gulley, J.L.; Borre, M.; Vogelzang, N.J.; Ng, S.; Agarwal, N.; Parker, C.C.; Pook, D.; Rathenborg, P.; Flaig, T.W.; Carles, J.; et al.
Phase III Trial of PROSTVAC in Asymptomatic or Minimally Symptomatic Metastatic Castration-Resistant Prostate Cancer. J.
Clin. Oncol. 2019, 37, 1051–1061. [CrossRef]

http://doi.org/10.1016/S1470-2045(14)70189-5
http://doi.org/10.1200/JCO.2017.35.6_suppl.159
http://doi.org/10.1093/jnci/djy145
http://doi.org/10.3390/cancers13020334
http://www.ncbi.nlm.nih.gov/pubmed/33477569
http://doi.org/10.1586/erv.11.188
http://doi.org/10.1016/j.coi.2011.03.007
http://doi.org/10.1172/JCI31205
http://www.ncbi.nlm.nih.gov/pubmed/17476349
http://doi.org/10.1517/14712598.2014.955010
http://www.ncbi.nlm.nih.gov/pubmed/25212872
http://doi.org/10.4161/21645515.2014.973317
http://doi.org/10.1093/annonc/mdx237
http://doi.org/10.1056/NEJMoa1001294
http://doi.org/10.1016/S0022-5347(17)55282-9
http://doi.org/10.3322/caac.21590
http://doi.org/10.1186/s13045-020-00978-z
http://www.ncbi.nlm.nih.gov/pubmed/33115529
http://doi.org/10.1158/0008-5472.CAN-19-2948
http://www.ncbi.nlm.nih.gov/pubmed/32066566
http://doi.org/10.1016/j.urology.2013.01.061
http://www.ncbi.nlm.nih.gov/pubmed/23582482
http://doi.org/10.1158/1078-0432.CCR-16-1780
http://www.ncbi.nlm.nih.gov/pubmed/27836866
http://doi.org/10.1158/1078-0432.CCR-15-0079
http://doi.org/10.2147/ITT.S122497
http://www.ncbi.nlm.nih.gov/pubmed/28361045
http://doi.org/10.1200/JCO.2018.36.6_suppl.368
http://doi.org/10.1016/S0923-7534(20)33499-2
http://doi.org/10.18632/oncotarget.25387
http://doi.org/10.1200/JCO.19.01701
http://www.ncbi.nlm.nih.gov/pubmed/31644357
http://doi.org/10.3892/or.2015.3770
http://doi.org/10.1200/JCO.18.02031


Vaccines 2021, 9, 623 16 of 19

41. Gulley, J.L.; Heery, C.R.; Madan, R.A.; Walter, B.A.; Merino, M.J.; Dahut, W.L.; Tsang, K.-Y.; Schlom, J.; Pinto, P.A. Phase I study of
intraprostatic vaccine administration in men with locally recurrent or progressive prostate cancer. Cancer Immunol. Immunother.
2013, 62, 1521–1531. [CrossRef]

42. Farsaci, B.; Jochems, C.; Grenga, I.; Donahue, R.N.; Gulley, J.L.; Heery, C.R.; Madan, R.A.; Schlom, J. Digital immunohistochemistry
analysis of intratumoral immune infiltrates in prostate cancer patients treated with intraprostatic/systemic PSA-TRICOM vaccine.
J. Immunother. Cancer 2013, 1, 97. [CrossRef]

43. Madan, R.A.; Mohebtash, M.; Arlen, P.M.; Vergati, M.; Rauckhorst, M.; Steinberg, S.M.; Tsang, K.Y.; Poole, D.J.; Parnes, H.L.;
Wright, J.J.; et al. Ipilimumab and a poxviral vaccine targeting prostate-specific antigen in metastatic castration-resistant prostate
cancer: A phase 1 dose-escalation trial. Lancet Oncol. 2012, 13, 501–508. [CrossRef]

44. Jochems, C.; Tucker, J.A.; Tsang, K.-Y.; Madan, R.A.; Dahut, W.L.; Liewehr, D.J.; Steinberg, S.M.; Gulley, J.L.; Schlom, J.
A combination trial of vaccine plus ipilimumab in metastatic castration-resistant prostate cancer patients: Immune correlates.
Cancer Immunol. Immunother. 2014, 63, 407–418. [CrossRef]

45. Chudley, L.; McCann, K.; Mander, A.; Tjelle, T.; Campos-Perez, J.; Godeseth, R.; Creak, A.; Dobbyn, J.; Johnson, B.; Bass, P.; et al.
DNA fusion-gene vaccination in patients with prostate cancer induces high-frequency CD8+ T-cell responses and increases PSA
doubling time. Cancer Immunol. Immunother. 2012, 61, 2161–2170. [CrossRef] [PubMed]

46. Shore, N.D.; Morrow, M.P.; McMullan, T.; Kraynyak, K.A.; Sylvester, A.; Bhatt, K.; Cheung, J.; Boyer, J.D.; Liu, L.; Sacchetta, B.; et al.
CD8+ T Cells Impact Rising PSA in Biochemically Relapsed Cancer Patients Using Immunotherapy Targeting Tumor-Associated
Antigens. Mol. Ther. 2020, 28, 1238–1250. [CrossRef] [PubMed]

47. Xi, H.-B.; Wang, G.-X.; Fu, B.; Liu, W.-P.; Li, Y. Survivin and PSMA loaded dendritic cell vaccine for the treatment of Prostate
Cancer. Biol. Pharm. Bull. 2015, 38, 827–835. [CrossRef] [PubMed]

48. Slovin, S.F.; Kehoe, M.; Durso, R.; Fernández, C.; Olson, W.; Gao, J.P.; Israel, R.; Scher, H.I.; Morris, S. A phase I dose escalation
trial of vaccine replicon particles (VRP) expressing prostate-specific membrane antigen (PSMA) in subjects with prostate cancer.
Vaccine 2013, 31, 943–949. [CrossRef] [PubMed]

49. Kübler, H.; Scheel, B.; Gnad-Vogt, U.; Miller, K.; Schultze-Seemann, W.; Dorp, F.V.; Parmiani, G.; Hampel, C.; Wedel, S.; Trojan,
L.; et al. Self-adjuvanted mRNA vaccination in advanced prostate cancer patients: A first-in-man phase I/IIa study. J. Immunother.
Cancer 2015, 3, 26. [CrossRef]

50. Debes, J.D.; Tindall, D.J. The role of androgens and the androgen receptor in prostate cancer. Cancer Lett. 2002, 187, 1–7. [CrossRef]
51. Kyriakopoulos, C.E.; Eickhoff, J.C.; Ferrari, A.C.; Schweizer, M.T.; Wargowski, E.; Olson, B.M.; McNeel, D.G. Multicenter Phase

I Trial of a DNA Vaccine Encoding the Androgen Receptor Ligand-binding Domain (pTVG-AR, MVI-118) in Patients with
Metastatic Prostate Cancer. Clin. Cancer Res. 2020, 26, 5162–5171. [CrossRef] [PubMed]

52. Scheid, E.; Major, P.; Bergeron, A.; Finn, O.J.; Salter, R.D.; Eady, R.; Yassine-Diab, B.; Favre, D.; Peretz, Y.; Landry, C.; et al.
Tn-MUC1 DC Vaccination of Rhesus Macaques and a Phase I/II Trial in Patients with Nonmetastatic Castrate-Resistant Prostate
Cancer. Cancer Immunol. Res. 2016, 4, 881–892. [CrossRef]

53. Bilusic, M.; McMahon, S.; Madan, R.A.; Karzai, F.; Tsai, Y.-T.; Donahue, R.N.; Palena, C.; Jochems, C.; Marté, J.L.; Floudas, C.; et al.
Phase I study of a multitargeted recombinant Ad5 PSA/MUC-1/brachyury-based immunotherapy vaccine in patients with
metastatic castration-resistant prostate cancer (mCRPC). J. Immunother. Cancer 2021, 9, e002374. [CrossRef]

54. Fosså, A.; Berner, A.; Fosså, S.D.; Hernes, E.; Gaudernack, G.; Smeland, E.B. NY-ESO-1 protein expression and humoral immune
responses in prostate cancer. Prostate 2004, 59, 440–447. [CrossRef] [PubMed]

55. Karbach, J.; Neumann, A.; Atmaca, A.; Wahle, C.; Brand, K.; Von Boehmer, L.; Knuth, A.; Bender, A.; Ritter, G.; Old, L.J.; et al.
Efficient In vivo Priming by Vaccination with Recombinant NY-ESO-1 Protein and CpG in Antigen Naïve Prostate Cancer Patients.
Clin. Cancer Res. 2011, 17, 861–870. [CrossRef]

56. Westdorp, H.; Creemers, J.H.A.; Van Oort, I.M.; Schreibelt, G.; Gorris, M.; Mehra, N.; Simons, M.; De Goede, A.L.; Van Rossum,
M.M.; Croockewit, A.J.; et al. Blood-derived dendritic cell vaccinations induce immune responses that correlate with clinical
outcome in patients with chemo-naive castration-resistant prostate cancer. J. Immunother. Cancer 2019, 7, 302. [CrossRef]

57. Voutsas, I.F.; Anastasopoulou, E.A.; Tzonis, P.; Papamichail, M.; Perez, S.A.; Baxevanis, C.N. Unraveling the role of preexisting
immunity in prostate cancer patients vaccinated with a HER-2/neu hybrid peptide. J. Immunother. Cancer 2016, 4, 75. [CrossRef]

58. Perez, S.A.; Anastasopoulou, E.A.; Tzonis, P.; Gouttefangeas, C.; Kalbacher, H.; Papamichail, M.; Baxevanis, C.N. AE37 peptide
vaccination in prostate cancer: A 4-year immunological assessment updates on a phase I trial. Cancer Immunol. Immunother. 2013,
62, 1599–1608. [CrossRef]

59. Anastasopoulou, E.A.; Voutsas, I.F.; Keramitsoglou, T.; Gouttefangeas, C.; Kalbacher, H.; Thanos, A.; Papamichail, M.; Perez, S.A.;
Baxevanis, C.N. A pilot study in prostate cancer patients treated with the AE37 Ii-key-HER-2/neu polypeptide vaccine suggests
that HLA-A*24 and HLA-DRB1*11 alleles may be prognostic and predictive biomarkers for clinical benefit. Cancer Immunol.
Immunother. 2015, 64, 1123–1136. [CrossRef] [PubMed]

60. Perez, S.A.; Anastasopoulou, E.A.; Papamichail, M.; Baxevanis, C.N. AE37 peptide vaccination in prostate cancer: Identification
of biomarkers in the context of prognosis and prediction. Cancer Immunol. Immunother. 2014, 63, 1141–1150. [CrossRef] [PubMed]

61. Obara, W.; Sato, F.; Takeda, K.; Kato, R.; Kato, Y.; Kanehira, M.; Takata, R.; Mimata, H.; Sugai, T.; Nakamura, Y.; et al. Phase I
clinical trial of cell division associated 1 (CDCA1) peptide vaccination for castration resistant prostate cancer. Cancer Sci. 2017,
108, 1452–1457. [CrossRef] [PubMed]

http://doi.org/10.1007/s00262-013-1448-0
http://doi.org/10.1186/2051-1426-1-S1-P97
http://doi.org/10.1016/S1470-2045(12)70006-2
http://doi.org/10.1007/s00262-014-1524-0
http://doi.org/10.1007/s00262-012-1270-0
http://www.ncbi.nlm.nih.gov/pubmed/22729556
http://doi.org/10.1016/j.ymthe.2020.02.018
http://www.ncbi.nlm.nih.gov/pubmed/32208168
http://doi.org/10.1248/bpb.b14-00518
http://www.ncbi.nlm.nih.gov/pubmed/25787895
http://doi.org/10.1016/j.vaccine.2012.11.096
http://www.ncbi.nlm.nih.gov/pubmed/23246260
http://doi.org/10.1186/s40425-015-0068-y
http://doi.org/10.1016/S0304-3835(02)00413-5
http://doi.org/10.1158/1078-0432.CCR-20-0945
http://www.ncbi.nlm.nih.gov/pubmed/32513836
http://doi.org/10.1158/2326-6066.CIR-15-0189
http://doi.org/10.1136/jitc-2021-002374
http://doi.org/10.1002/pros.20025
http://www.ncbi.nlm.nih.gov/pubmed/15065093
http://doi.org/10.1158/1078-0432.CCR-10-1811
http://doi.org/10.1186/s40425-019-0787-6
http://doi.org/10.1186/s40425-016-0183-4
http://doi.org/10.1007/s00262-013-1461-3
http://doi.org/10.1007/s00262-015-1717-1
http://www.ncbi.nlm.nih.gov/pubmed/26026288
http://doi.org/10.1007/s00262-014-1582-3
http://www.ncbi.nlm.nih.gov/pubmed/25052849
http://doi.org/10.1111/cas.13278
http://www.ncbi.nlm.nih.gov/pubmed/28498618


Vaccines 2021, 9, 623 17 of 19

62. Lilleby, W.; Gaudernack, G.; Brunsvig, P.F.; Vlatkovic, L.; Schulz, M.; Mills, K.; Hole, K.H.; Inderberg, E.M. Phase I/IIa clinical
trial of a novel hTERT peptide vaccine in men with metastatic hormone-naive prostate cancer. Cancer Immunol. Immunother. 2017,
66, 891–901. [CrossRef]

63. Castiello, L.; Sabatino, M.; Ren, J.; Terabe, M.; Khuu, H.; Wood, L.V.; Berzofsky, J.A.; Stroncek, D.F. Expression of CD14, IL10,
and Tolerogenic Signature in Dendritic Cells Inversely Correlate with Clinical and Immunologic Response to TARP Vaccination
in Prostate Cancer Patients. Clin. Cancer Res. 2017, 23, 3352–3364. [CrossRef]

64. Schuhmacher, J.; Heidu, S.; Balchen, T.; Richardson, J.R.; Schmeltz, C.; Sonne, J.; Schweiker, J.; Rammensee, H.-G.; Straten, P.T.;
Røder, M.A.; et al. Vaccination against RhoC induces long-lasting immune responses in patients with prostate cancer: Results
from a phase I/II clinical trial. J. Immunother. Cancer 2020, 8, e001157. [CrossRef] [PubMed]

65. Cappuccini, F.; Bryant, R.; Pollock, E.; Carter, L.; Verrill, C.; Hollidge, J.; Poulton, I.; Baker, M.; Mitton, C.; Baines, A.; et al. Safety
and immunogenicity of novel 5T4 viral vectored vaccination regimens in early stage prostate cancer: A phase I clinical trial. J.
Immunother. Cancer 2020, 8, e000928. [CrossRef] [PubMed]

66. Amato, R.J.; Drury, N.; Naylor, S.; Jac, J.; Saxena, S.; Cao, A.; Hernandez-McClain, J.; Harrop, R. Vaccination of Prostate Cancer
Patients with Modified Vaccinia Ankara Delivering the Tumor Antigen 5T4 (TroVax). J. Immunother. 2008, 31, 577–585. [CrossRef]

67. Amato, R.J.; Hawkins, R.E.; Kaufman, H.L.; Thompson, J.A.; Tomczak, P.; Szczylik, C.; McDonald, M.; Eastty, S.; Shingler, W.H.;
De Belin, J.; et al. Vaccination of Metastatic Renal Cancer Patients with MVA-5T4: A Randomized, Double-Blind, Placebo-
Controlled Phase III Study. Clin. Cancer Res. 2010, 16, 5539–5547. [CrossRef] [PubMed]

68. Harrop, R.; Chu, F.; Gabrail, N.; Srinivas, S.; Blount, D.; Ferrari, A. Vaccination of castration-resistant prostate cancer patients with
TroVax (MVA–5T4) in combination with docetaxel: A randomized phase II trial. Cancer Immunol. Immunother. 2013, 62, 1511–1520.
[CrossRef]

69. Harrop, R.; Treasure, P.; De Belin, J.; Kelleher, M.; Bolton, G.; Naylor, S.; Shingler, W.H. Analysis of pre-treatment markers
predictive of treatment benefit for the therapeutic cancer vaccine MVA-5T4 (TroVax). Cancer Immunol. Immunother. 2012, 61,
2283–2294. [CrossRef]

70. Vuky, J.; Corman, J.M.; Porter, C.; Olgac, S.; Auerbach, E.; Dahl, K. Phase II Trial of Neoadjuvant Docetaxel and CG1940/CG8711
Followed by Radical Prostatectomy in Patients with High-Risk Clinically Localized Prostate Cancer. Oncol. 2013, 18, 687–688.
[CrossRef]

71. Simons, J.W.; Sacks, N. Granulocyte-macrophage colony-stimulating factor-transduced allogeneic cancer cellular immunotherapy:
The GVAX® vaccine for prostate cancer. Urol. Oncol. Semin. Orig. Investig. 2006, 24, 419–424. [CrossRef] [PubMed]

72. Obradovic, A.; Dallos, M.C.; Zahurak, M.L.; Partin, A.W.; Schaeffer, E.M.; Ross, A.E.; Allaf, M.E.; Nirschl, T.R.; Liu, D.; Chapman,
C.G.; et al. T-Cell Infiltration and Adaptive Treg Resistance in Response to Androgen Deprivation with or without Vaccination in
Localized Prostate Cancer. Clin. Cancer Res. 2020, 26, 3182–3192. [CrossRef]

73. Sasada, T.; Noguchi, M.; Yamada, A.; Itoh, K. Personalized peptide vaccination: A novel immunotherapeutic approach for
advanced cancer. Hum. Vaccines Immunother. 2012, 8, 1309–1313. [CrossRef] [PubMed]

74. Noguchi, M.; Fujimoto, K.; Arai, G.; Uemura, H.; Hashine, K.; Matsumoto, H.; Fukasawa, S.; Kohjimoto, Y.; Nakatsu, H.; Takenaka,
A.; et al. A randomized phase III trial of personalized peptide vaccination for castration-resistant prostate cancer progressing
after docetaxel. Oncol. Rep. 2020, 45, 159–168. [CrossRef] [PubMed]

75. Noguchi, M.; Moriya, F.; Koga, N.; Matsueda, S.; Sasada, T.; Yamada, A.; Kakuma, T.; Itoh, K. A randomized phase II clinical trial
of personalized peptide vaccination with metronomic low-dose cyclophosphamide in patients with metastatic castration-resistant
prostate cancer. Cancer Immunol. Immunother. 2016, 65, 151–160. [CrossRef]

76. Noguchi, M.; Moriya, F.; Suekane, S.; Matsuoka, K.; Arai, G.; Matsueda, S.; Sasada, T.; Yamada, A.; Itoh, K. Phase II study of
personalized peptide vaccination for castration-resistant prostate cancer patients who failed in docetaxel-based chemotherapy.
Prostate 2011, 72, 834–845. [CrossRef]

77. Yoshimura, K.; Minami, T.; Nozawa, M.; Kimura, T.; Egawa, S.; Fujimoto, H.; Yamada, A.; Itoh, K.; Uemura, H. A Phase 2 Random-
ized Controlled Trial of Personalized Peptide Vaccine Immunotherapy with Low-dose Dexamethasone Versus Dexamethasone
Alone in Chemotherapy-naive Castration-resistant Prostate Cancer. Eur. Urol. 2016, 70, 35–41. [CrossRef]

78. Araki, H.; Pang, X.; Komatsu, N.; Soejima, M.; Miyata, N.; Takaki, M.; Muta, S.; Sasada, T.; Noguchi, M.; Koda, Y.; et al.
Haptoglobin promoter polymorphism rs5472 as a prognostic biomarker for peptide vaccine efficacy in castration-resistant
prostate cancer patients. Cancer Immunol. Immunother. 2015, 64, 1565–1573. [CrossRef]

79. Pang, X.; Tashiro, K.; Eguchi, R.; Komatsu, N.; Sasada, T.; Itoh, K.; Kuhara, S. Haptoglobin Proved a Prognostic Biomarker in
Peripheral Blood of Patients with Personalized Peptide Vaccinations for Advanced Castration-Resistant Prostate Cancer. Biosci.
Biotechnol. Biochem. 2013, 77, 766–770. [CrossRef]

80. Kongsted, P.; Borch, T.H.; Ellebaek, E.; Iversen, T.Z.; Andersen, R.; Met, Ö.; Hansen, M.; Lindberg, H.; Sengeløv, L.; Svane, I.M.
Dendritic cell vaccination in combination with docetaxel for patients with metastatic castration-resistant prostate cancer: A
randomized phase II study. Cytotherapy 2017, 19, 500–513. [CrossRef] [PubMed]

81. Noguchi, M.; Arai, G.; Matsumoto, K.; Naito, S.; Moriya, F.; Suekane, S.; Komatsu, N.; Matsueda, S.; Sasada, T.; Yamada, A.; et al.
Phase I trial of a cancer vaccine consisting of 20 mixed peptides in patients with castration-resistant prostate cancer: Dose-related
immune boosting and suppression. Cancer Immunol. Immunother. 2015, 64, 493–505. [CrossRef]

http://doi.org/10.1007/s00262-017-1994-y
http://doi.org/10.1158/1078-0432.CCR-16-2199
http://doi.org/10.1136/jitc-2020-001157
http://www.ncbi.nlm.nih.gov/pubmed/33184050
http://doi.org/10.1136/jitc-2020-000928
http://www.ncbi.nlm.nih.gov/pubmed/32591433
http://doi.org/10.1097/CJI.0b013e31817deafd
http://doi.org/10.1158/1078-0432.CCR-10-2082
http://www.ncbi.nlm.nih.gov/pubmed/20881001
http://doi.org/10.1007/s00262-013-1457-z
http://doi.org/10.1007/s00262-012-1302-9
http://doi.org/10.1634/theoncologist.2011-0234
http://doi.org/10.1016/j.urolonc.2005.08.021
http://www.ncbi.nlm.nih.gov/pubmed/16962494
http://doi.org/10.1158/1078-0432.CCR-19-3372
http://doi.org/10.4161/hv.20988
http://www.ncbi.nlm.nih.gov/pubmed/22894962
http://doi.org/10.3892/or.2020.7847
http://www.ncbi.nlm.nih.gov/pubmed/33200227
http://doi.org/10.1007/s00262-015-1781-6
http://doi.org/10.1002/pros.21485
http://doi.org/10.1016/j.eururo.2015.12.050
http://doi.org/10.1007/s00262-015-1756-7
http://doi.org/10.1271/bbb.120893
http://doi.org/10.1016/j.jcyt.2017.01.007
http://www.ncbi.nlm.nih.gov/pubmed/28215654
http://doi.org/10.1007/s00262-015-1660-1


Vaccines 2021, 9, 623 18 of 19

82. Noguchi, M.; Arai, G.; Egawa, S.; Ohyama, C.; Naito, S.; Matsumoto, K.; Uemura, H.; Nakagawa, M.; Nasu, Y.; Eto, M.; et al.
Mixed 20-peptide cancer vaccine in combination with docetaxel and dexamethasone for castration-resistant prostate cancer: A
randomized phase II trial. Cancer Immunol. Immunother. 2020, 69, 847–857. [CrossRef]

83. Redman, J.M.; Steinberg, S.M.; Gulley, J.L. Quick efficacy seeking trial (QuEST1): A novel combination immunotherapy study
designed for rapid clinical signal assessment metastatic castration-resistant prostate cancer. J. Immunother. Cancer 2018, 6, 91.
[CrossRef]

84. Sylvester, R.J. Bacillus Calmette-Guérin treatment of non-muscle invasive bladder cancer. Int. J. Urol. 2010, 18, 113–120. [CrossRef]
85. Derré, L.; Cesson, V.; Lucca, I.; Cerantola, Y.; Valerio, M.; Fritschi, U.; Vlamopoulos, Y.; Burruni, R.; Legris, A.-S.; Dartiguenave,

F.; et al. Intravesical Bacillus Calmette Guerin Combined with a Cancer Vaccine Increases Local T-Cell Responses in Non-muscle–
Invasive Bladder Cancer Patients. Clin. Cancer Res. 2016, 23, 717–725. [CrossRef] [PubMed]

86. Tanaka, T.; Kitamura, H.; Inoue, R.; Nishida, S.; Takahashi-Takaya, A.; Kawami, S.; Torigoe, T.; Hirohashi, Y.; Tsukamoto, T.; Sato,
N.; et al. Potential Survival Benefit of Anti-Apoptosis Protein: Survivin-Derived Peptide Vaccine with and without Interferon
Alpha Therapy for Patients with Advanced or Recurrent Urothelial Cancer—Results from Phase I Clinical Trials. Clin. Dev.
Immunol. 2013, 2013, 1–9. [CrossRef]

87. Morse, M.A.; Bradley, D.A.; Keler, T.; Laliberte, R.J.; Green, J.A.; Davis, T.A.; Inman, B.A. CDX-1307: A novel vaccine under study
as treatment for muscle-invasive bladder cancer. Expert Rev. Vaccines 2011, 10, 733–742. [CrossRef]

88. Ogasawara, M.; Miyashita, M.; Ota, S. Vaccination of Urological Cancer Patients with WT1 Peptide-Pulsed Dendritic Cells in
Combination with Molecular Targeted Therapy or Conventional Chemotherapy Induces Immunological and Clinical Responses.
Ther. Apher. Dial. 2018, 22, 266–277. [CrossRef] [PubMed]

89. Obara, W.; Eto, M.; Mimata, H.; Kohri, K.; Mitsuhata, N.; Miura, I.; Shuin, T.; Miki, T.; Koie, T.; Fujimoto, H.; et al. A phase I/II
study of cancer peptide vaccine S-288310 in patients with advanced urothelial carcinoma of the bladder. Ann. Oncol. 2017, 28,
798–803. [CrossRef]

90. Ott, P.A.; Govindan, R.; Naing, A.; Friedlander, T.W.; Margolin, K.; Lin, J.J.; Bhardwaj, N.; Hellmann, M.D.; Srinivasan, L.;
Greshock, J. Abstract CT125: A personal neoantigen vaccine, NEO-PV-01, with anti- PD1 induces broad de novo anti-tumor
immunity in patients with metastatic melanoma, NSCLC, and bladder cancer. Cancer Res. 2018, 78, CT125. [CrossRef]

91. Noguchi, M.; Matsumoto, K.; Uemura, H.; Arai, G.; Eto, M.; Naito, S.; Ohyama, C.; Nasu, Y.; Tanaka, M.; Moriya, F.; et al.
An Open-Label, Randomized Phase II Trial of Personalized Peptide Vaccination in Patients with Bladder Cancer that Progressed
after Platinum-Based Chemotherapy. Clin. Cancer Res. 2016, 22, 54–60. [CrossRef]

92. Suekane, S.; Ueda, K.; Nishihara, K.; Sasada, T.; Yamashita, T.; Koga, N.; Yutani, S.; Shichijo, S.; Itoh, K.; Igawa, T.; et al.
Personalized peptide vaccination as second-line treatment for metastatic upper tract urothelial carcinoma. Cancer Sci. 2017, 108,
2430–2437. [CrossRef]

93. Matsumoto, K.; Noguchi, M.; Satoh, T.; Tabata, K.-I.; Fujita, T.; Iwamura, M.; Yamada, A.; Komatsu, N.; Baba, S.; Itoh, K. A phase I
study of personalized peptide vaccination for advanced urothelial carcinoma patients who failed treatment with methotrexate,
vinblastine, adriamycin and cisplatin. BJU Int. 2010, 108, 831–838. [CrossRef]

94. Figlin, R.A.; Tannir, N.M.; Uzzo, R.G.; Tykodi, S.S.; Chen, D.Y.; Master, V.; Kapoor, A.; Vaena, D.; Lowrance, W.T.; Bratslavsky,
G.; et al. Results of the ADAPT Phase 3 Study of Rocapuldencel-T in Combination with Sunitinib as First-Line Therapy in Patients
with Metastatic Renal Cell Carcinoma. Clin. Cancer Res. 2020, 26, 2327–2336. [CrossRef] [PubMed]

95. Zheng, K.; Tan, J.-M.; Wu, W.-Z.; Qiu, Y.-M.; Zhang, H.; Xu, T.-Z.; Sun, X.-H.; Zhuo, W.-L.; Wang, N.; Zhang, J.-P. Adjuvant
dendritic cells vaccine combined with cytokine-induced-killer cell therapy after renal cell carcinoma surgery. Off. J. Balk.
Union Oncol. 2015, 20, 505–513.

96. Amato, R.J.; Shetty, A.; Lu, Y.; Ellis, P.R.; Mohlere, V.; Carnahan, N.; Low, P.S. A Phase I/Ib Study of Folate Immune (EC90
Vaccine Administered with GPI-0100 Adjuvant Followed by EC17) with Interferon-α and Interleukin-2 in Patients with Renal
Cell Carcinoma. J. Immunother. 2014, 37, 237–244. [CrossRef] [PubMed]

97. Obara, W.; Karashima, T.; Takeda, K.; Kato, R.; Kato, Y.; Kanehira, M.; Takata, R.; Inoue, K.; Katagiri, T.; Shuin, T.; et al. Effective
induction of cytotoxic T cells recognizing an epitope peptide derived from hypoxia-inducible protein 2 (HIG2) in patients with
metastatic renal cell carcinoma. Cancer Immunol. Immunother. 2016, 66, 17–24. [CrossRef]

98. Fenoglio, D.; Traverso, P.; Parodi, A.; Tomasello, L.; Negrini, S.; Kalli, F.; Battaglia, F.; Ferrera, F.; Sciallero, S.; Murdaca, G.; et al.
A multi-peptide, dual-adjuvant telomerase vaccine (GX301) is highly immunogenic in patients with prostate and renal cancer.
Cancer Immunol. Immunother. 2013, 62, 1041–1052. [CrossRef]

99. Kim, N.; Piatyszek, M.; Prowse, K.; Harley, C.; West, M.; Ho, P.; Coviello, G.; Wright, W.; Weinrich, S.; Shay, J. Specific association
of human telomerase activity with immortal cells and cancer. Science 1994, 266, 2011–2015. [CrossRef] [PubMed]

100. Díaz-Montero, C.M.; Rini, B.I.; Finke, J.H. The immunology of renal cell carcinoma. Nat. Rev. Nephrol. 2020, 16, 1–15. [CrossRef]
101. Rini, B.I.; Stenzl, A.; Zdrojowy, R.; Kogan, M.; Shkolnik, M.; Oudard, S.; Weikert, S.; Bracarda, S.; Crabb, S.; Bedke, J.; et al.

IMA901, a multipeptide cancer vaccine, plus sunitinib versus sunitinib alone, as first-line therapy for advanced or metastatic renal
cell carcinoma (IMPRINT): A multicentre, open-label, randomised, controlled, phase 3 trial. Lancet Oncol. 2016, 17, 1599–1611.
[CrossRef]

102. Walter, S.; Weinschenk, T.; Stenzl, A.; Zdrojowy, R.; Pluzanska, A.; Szczylik, C.; Staehler, M.; Brugger, W.; Dietrich, P.-Y.; Mendrzyk,
R.; et al. Multipeptide immune response to cancer vaccine IMA901 after single-dose cyclophosphamide associates with longer
patient survival. Nat. Med. 2012, 18, 1254–1261. [CrossRef] [PubMed]

http://doi.org/10.1007/s00262-020-02498-8
http://doi.org/10.1186/s40425-018-0409-8
http://doi.org/10.1111/j.1442-2042.2010.02678.x
http://doi.org/10.1158/1078-0432.CCR-16-1189
http://www.ncbi.nlm.nih.gov/pubmed/27521445
http://doi.org/10.1155/2013/262967
http://doi.org/10.1586/erv.11.20
http://doi.org/10.1111/1744-9987.12694
http://www.ncbi.nlm.nih.gov/pubmed/29851270
http://doi.org/10.1093/annonc/mdw675
http://doi.org/10.1158/1538-7445.AM2018-CT125
http://doi.org/10.1158/1078-0432.CCR-15-1265
http://doi.org/10.1111/cas.13404
http://doi.org/10.1111/j.1464-410X.2010.09933.x
http://doi.org/10.1158/1078-0432.CCR-19-2427
http://www.ncbi.nlm.nih.gov/pubmed/32034074
http://doi.org/10.1097/CJI.0000000000000029
http://www.ncbi.nlm.nih.gov/pubmed/24714357
http://doi.org/10.1007/s00262-016-1915-5
http://doi.org/10.1007/s00262-013-1415-9
http://doi.org/10.1126/science.7605428
http://www.ncbi.nlm.nih.gov/pubmed/7605428
http://doi.org/10.1038/s41581-020-0316-3
http://doi.org/10.1016/S1470-2045(16)30408-9
http://doi.org/10.1038/nm.2883
http://www.ncbi.nlm.nih.gov/pubmed/22842478


Vaccines 2021, 9, 623 19 of 19

103. Yoshimura, K.; Minami, T.; Nozawa, M.; Uemura, H. Phase I clinical trial of human vascular endothelial growth factor receptor 1
peptide vaccines for patients with metastatic renal cell carcinoma. Br. J. Cancer 2013, 108, 1260–1266. [CrossRef]

104. Oudard, S.; Rixe, O.; Beuselinck, B.; Linassier, C.; Banu, E.; Machiels, J.-P.; Baudard, M.; Ringeisen, F.; Velu, T.; Lefrère-Belda,
M.-A.; et al. A phase II study of the cancer vaccine TG4010 alone and in combination with cytokines in patients with metastatic
renal clear-cell carcinoma: Clinical and immunological findings. Cancer Immunol. Immunother. 2011, 60, 261–271. [CrossRef]
[PubMed]

105. Minami, T.; Matsumura, N.; Sugimoto, K.; Shimizu, N.; De Velasco, M.; Nozawa, M.; Yoshimura, K.; Harashima, N.; Harada, M.;
Uemura, H. Hypoxia-inducing factor (HIF)-1α-derived peptide capable of inducing cancer-reactive cytotoxic T lymphocytes
from HLA-A24+ patients with renal cell carcinoma. Int. Immunopharmacol. 2017, 44, 197–202. [CrossRef] [PubMed]

106. Minami, T.; Minami, T.; Shimizu, N.; Yamamoto, Y.; De Velasco, M.; Nozawa, M.; Yoshimura, K.; Harashima, N.; Harada, M.;
Uemura, H. Identification of Programmed Death Ligand 1–derived Peptides Capable of Inducing Cancer-reactive Cytotoxic T
Lymphocytes From HLA-A24+ Patients with Renal Cell Carcinoma. J. Immunother. 2015, 38, 285–291. [CrossRef]

107. Noguchi, M.; Koga, N.; Moriya, F.; Suekane, S.; Yutani, S.; Yamada, A.; Shichijo, S.; Kakuma, T.; Itoh, K. Survival analysis of
multiple peptide vaccination for the selection of correlated peptides in urological cancers. Cancer Sci. 2018, 109, 2660–2669.
[CrossRef]

108. Obara, W.; Kanehira, M.; Katagiri, T.; Kato, R.; Kato, Y.; Takata, R. Present status and future perspective of peptide-based vaccine
therapy for urological cancer. Cancer Sci. 2018, 109, 550–559. [CrossRef]

109. Wherry, E.J.; Kurachi, M. Molecular and cellular insights into T cell exhaustion. Nat. Rev. Immunol. 2015, 15, 486–499. [CrossRef]
110. Drake, C.G.; Jaffee, E.; Pardoll, D.M. Mechanisms of Immune Evasion by Tumors. Adv. Immunol. 2006, 90, 51–81. [CrossRef]

[PubMed]
111. Grivas, P.; Koshkin, V.S.; Pal, S.K. Cancer vaccines at the age of immune checkpoint inhibitors: Reasonable approach as

combination therapy in advanced urothelial carcinoma? Ann. Oncol. 2017, 28, 680–682. [CrossRef] [PubMed]
112. Funt, S.; Snyder Charen, A.; Yusko, E.; Vignali, M.; Benzeno, S.; Boyd, M.E.; Moran, M.M.; Kania, B.E.; Cipolla, C.K.; Regazzi,

A.M.; et al. Peripheral and intratumoral T-cell receptor (TCR) clonality correlate with clinical outcomes in patients with metastatic
urothelial cancer treated with atezolizumab. J. Clin. Oncol. 2016, 34, 3005. [CrossRef]

113. Kumari, S.; Mukherjee, S.; Sinha, D.; Abdisalaam, S.; Krishnan, S.; Asaithamby, A. Immunomodulatory Effects of Radiotherapy.
Int. J. Mol. Sci. 2020, 21, 8151. [CrossRef]

114. Kamrava, M.; Kesarwala, A.H.; Madan, R.A.; Lita, E.; Kaushal, A.; Tsang, K.-Y.; Poole, D.J.; Steinberg, S.M.; Ferrara, T.; Dahut,
W.; et al. Long-term follow-up of prostate cancer patients treated with vaccine and definitive radiation therapy. Prostate Cancer
Prostatic Dis. 2012, 15, 289–295. [CrossRef]

115. McNeel, D.G.; Chen, Y.-H.; Gulley, J.L.; Dwyer, A.J.; Madan, R.A.; Carducci, M.A.; DiPaola, R.S. Randomized phase II trial of
docetaxel with or without PSA-TRICOM vaccine in patients with castrate-resistant metastatic prostate cancer: A trial of the
ECOG-ACRIN cancer research group (E1809). Hum. Vaccines Immunother. 2015, 11, 2469–2474. [CrossRef]

116. Ward, J.E.; McNeel, D.G. GVAX: An allogeneic, whole-cell, GM-CSF-secreting cellular immunotherapy for the treatment of
prostate cancer. Expert Opin. Biol. Ther. 2007, 7, 1893–1902. [CrossRef]

117. Ozao-Choy, J.; Ma, G.; Kao, J.; Wang, G.X.; Meseck, M.; Sung, M.; Schwartz, M.; Divino, C.M.; Pan, P.-Y.; Chen, S.-H. The Novel
Role of Tyrosine Kinase Inhibitor in the Reversal of Immune Suppression and Modulation of Tumor Microenvironment for
Immune-Based Cancer Therapies. Cancer Res. 2009, 69, 2514–2522. [CrossRef]

118. Jaini, R.; Rayman, P.; Cohen, P.A.; Finke, J.H.; Tuohy, V.K. Combination of sunitinib with anti-tumor vaccination inhibits T cell
priming and requires careful scheduling to achieve productive immunotherapy. Int. J. Cancer 2014, 134, 1695–1705. [CrossRef]
[PubMed]

119. Liverani, C.; Mercatali, L.; Cristofolini, L.; Giordano, E.; Minardi, S.; Della Porta, G.; De Vita, A.; Miserocchi, G.; Spadazzi, C.;
Tasciotti, E.; et al. Investigating the Mechanobiology of Cancer Cell–ECM Interaction through Collagen-Based 3D Scaffolds. Cell.
Mol. Bioeng. 2017, 10, 223–234. [CrossRef] [PubMed]

120. Miserocchi, G.; Mercatali, L.; Liverani, C.; De Vita, A.; Spadazzi, C.; Pieri, F.; Bongiovanni, A.; Recine, F.; Amadori, D.; Ibrahim, T.
Management and potentialities of primary cancer cultures in preclinical and translational studies. J. Transl. Med. 2017, 15, 1–16.
[CrossRef] [PubMed]

121. Mercatali, L.; Serra, P.; Miserocchi, G.; Spadazzi, C.; Liverani, C.; De Vita, A.; Marisi, G.; Bongiovanni, A.; Recine, F.; Pangan,
A.; et al. Dried Blood and Serum Spots as a Useful Tool for Sample Storage to Evaluate Cancer Biomarkers. J. Vis. Exp. 2018, 136,
e57113. [CrossRef] [PubMed]

http://doi.org/10.1038/bjc.2013.90
http://doi.org/10.1007/s00262-010-0935-9
http://www.ncbi.nlm.nih.gov/pubmed/21069322
http://doi.org/10.1016/j.intimp.2017.01.014
http://www.ncbi.nlm.nih.gov/pubmed/28110220
http://doi.org/10.1097/CJI.0000000000000090
http://doi.org/10.1111/cas.13709
http://doi.org/10.1111/cas.13506
http://doi.org/10.1038/nri3862
http://doi.org/10.1016/s0065-2776(06)90002-9
http://www.ncbi.nlm.nih.gov/pubmed/16730261
http://doi.org/10.1093/annonc/mdx063
http://www.ncbi.nlm.nih.gov/pubmed/28328001
http://doi.org/10.1200/JCO.2016.34.15_suppl.3005
http://doi.org/10.3390/ijms21218151
http://doi.org/10.1038/pcan.2012.7
http://doi.org/10.1080/21645515.2015.1062190
http://doi.org/10.1517/14712598.7.12.1893
http://doi.org/10.1158/0008-5472.CAN-08-4709
http://doi.org/10.1002/ijc.28488
http://www.ncbi.nlm.nih.gov/pubmed/24105638
http://doi.org/10.1007/s12195-017-0483-x
http://www.ncbi.nlm.nih.gov/pubmed/31719861
http://doi.org/10.1186/s12967-017-1328-z
http://www.ncbi.nlm.nih.gov/pubmed/29116016
http://doi.org/10.3791/57113
http://www.ncbi.nlm.nih.gov/pubmed/29939179

	Introduction 
	Materials and Methods 
	Results 
	Vaccine Therapy in Prostate Cancer (PCa) 
	Sipuleucel-T and PAP-Targeted Vaccines 
	PROSTVAC and PSA-Based Vaccines 
	PSMA-Based Vaccines 
	Other TAAs and Personalized Peptide Vaccination (PPV) 

	Vaccine Therapy in Urothelial Cancer (UC) 
	Vaccine Therapy in Renal Cell Cancer (RCC) 

	Discussion 
	Conclusions 
	References

