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Abstract: Metastatic prostate cancer remains to this day a terminal disease. Prostatectomy 

and radiotherapy are effective for organ-confined diseases, but treatment for locally 

advanced and metastatic cancer remains challenging. Although advanced prostate cancers 

treated with androgen deprivation therapy achieves debulking of disease, responses are 

transient with subsequent development of castration-resistant and metastatic disease. Since 

prostate cancer is typically a slowly progressing disease, use of immune-based therapies 

offers an advantage to target advanced tumors and to induce antitumor immunity. This 

review will discuss the clinical merits of various vaccines and immunotherapies in castrate 

resistant prostate cancer and challenges to this evolving field of immune-based therapies. 
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1. Introduction 

Despite current advances, metastatic prostate cancer (PC) remains an incurable malignancy. 

Hormone therapy that suppresses testosterone is effective for a finite period of time, after which almost 

all patients develop castrate resistant prostate cancer (CRPC) [1]. Prostate cancer is a molecularly 

heterogeneous disease, which may arise from more than twenty different clonal subtypes [2]. Even 

though there are prostate associated antigens such as prostate-specific antigen (PSA), prostate-specific 

membrane antigen (PSMA), prostate stem-cell antigen, and prostatic acid phosphatase (PAP), they are 
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weak or non-immunogenic self-antigens [3–9]. Prostate cancer, typically a slowly progressing, 

asymptomatic disease, is an attractive target for immune-based therapies with the large window  

of opportunity for multiple vaccinations or boosting for the development of antitumor immune 

responses [10–12]. One of the promising approaches for cancer immunotherapy is dendritic cell  

(DC)-based vaccination to initiate antigen-specific antitumor immune responses with minimal toxic 

side effects [10]; unfortunately, results from clinical trials showed mixed responses [13]. Given the 

limited life expectancy and the significant morbidity of metastatic castration-resistant prostate cancer 

(mCRPC) there continues to be a ―need‖ for novel non-toxic approaches to decrease pain, delay 

morbidity, improve quality of life, and improve life expectancy in metastatic CRPC. Between 2010 

and 2012, four new agents were approved by the US Food and Drug Administration (FDA) for patients 

with metastatic CRPC. All of these new agents (sipuleucel-T, abiraterone acetate, enzalutamide, and 

cabazitaxel) have been shown to improve overall survival in patients with metastatic CRPC. However, 

complete remissions are rare, and further evaluation of novel agents to achieve this elusive goal should 

continue. The approval of sipuleucel-T for prostate cancer is a milestone for cell-based immunotherapy. 

Further enhancements in the clinical efficacy of current approaches may be accomplished by 

combining both T cell- and antibody-based vaccination strategies with the current standard of care 

regimens. This review will focus on immune based or immune modulating therapies. 

2. DC-Based Vaccination Strategies  

Dendritic cells are professional antigen-presenting cells (APCs) and key regulators of T- and B-cell 

immunity due to their unique ability to take up, process and present antigens to T cells [14]. In the 

1980s it was established that antibodies enhance specific T-cell responses by promoting Fc receptor 

(FcR)-mediated recognition of opsonized antigens by cross presentation mediated by APCs wherein 

DC were used as vaccine adjuvants [15]. These findings formed the basis for the targeted delivery of 

antigens by DC in the context of MHC class I and II surface molecules to enhance T-cell-mediated 

antitumor immune responses. Exploitation of these antitumor effects of DC resulted in the development 

of vaccination strategies [16–18]. In the prostate cancer setting, approaches such as peptide vaccines, 

virally packaged antigens, and DNA-based antigen-expressing vectors have been used to pulse the 

DCs that can promote tumor-specific T-cell responses [18–25]. In addition to loading tumor associated 

antigens (TAA), other tumor modulating agents such as granulocyte macrophage colony stimulating 

factor (GM-CSF) and toll like receptor (TLR) agonists (Bacillus Calmette-Guérin [BCG] and CpG) 

were either used as adjuvants or engineered to enhance antigen presentation by APCs [26,27].  

2.1. Sipuleucel-T  

Given that PAP expression is essentially restricted to prostate tissue [28,29], PAP expression on 

metastatic prostate cancer makes it a very specific target [28]. Provenge
®

 (Sipuleucel-T, Dendreon 

Corp, Seattle, WA, USA) is an autologous active cellular immunotherapy. The target antigen PA2024 

used to prepare Provenge
®
 is a fusion protein consisting of full-length human prostatic acid phosphatase 

(PAP) and full length human GM-CSF. Sipuleucel-T is prepared by culturing freshly obtained 

leukapheresis peripheral blood mononuclear cells (PBMC) with PA2024 for 36–44 h at 37 °C. A 

complete course of sipuleucel-T therapy consists of three freshly prepared doses of sipuleucel-T 
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administered via intravenous (IV) infusion at approximately 2-week intervals. In a placebo-controlled 

phase III study, the efficacy of sipuleucel-T was evaluated. In this study (protocol D9901), 127 patients 

with asymptomatic metastatic hormone refractory prostate cancer (HRPC) were randomly assigned in 

a 2:1 ratio to receive three infusions of sipuleucel-T (n = 82) or placebo (n = 45) every 2 weeks. On 

disease progression, placebo patients could receive a product made from frozen leukapheresis cells 

(APC8015F). All patients were followed for survival for 36 months, 115 of 127 patients had 

progressive disease at the time of data analysis. The median for time to disease progression (TTP) for 

sipuleucel-T was 11.7 weeks compared with 10.0 weeks for placebo (p = 0.052, log-rank; hazard ratio 

[HR], 1.45; 95% CI, 0.99 to 2.11). Median survival was 25.9 months for sipuleucel-T and 21.4 months 

for placebo (p = 0.01, log-rank; HR, 1.70; 95% CI, 1.13 to 2.56). While the improvement in the 

primary end point TTP did not achieve statistical significance, this study suggested that sipuleucel-T 

may be providing a survival advantage to asymptomatic CRPC patients [30]. A second contemporaneous 

study, D9902A, in which enrollment was 44 discontinued early (N = 98), showed a trend towards 

improved survival, which did not reach statistical 45 significance.The treatment effect remained strong 

after performing adjustments for imbalances in baseline prognostic factors, post study treatment 

chemotherapy use, and non-prostate cancer-related deaths and suggested a favorable risk-benefit ratio 

for sipuleucel-T in patients with advanced prostate cancer [23]. The most common adverse events 

associated with treatment were chills, pyrexia, headache, asthenia, dyspnea, vomiting, and tremor. 

These events were primarily grade 1 and 2 that lasted for 1 to 2 days. The integrated results of D9901 

and D9902A demonstrated a survival benefit for patients treated with sipuleucel-T compared with 

those treated with placebo [23,31]. Another randomized, double-blind, placebo-controlled phase III 

trial D9902B (the IMPACT [Immunotherapy for Prostate Adenocarcinoma Treatment]) was designed 

with OS as the primary end point. This trial enrolled 512 men at a ratio of two to one. The study 

recapitulated the results of D9901, showing a 4.1-month improvement in median OS (25.8 versus  

21.7 months) with no effect on TTP (14.6 versus 14.4 weeks). After the OS benefit was confirmed in a 

larger phase III placebo controlled trial, Provenge
®

 therapy was approved by the FDA in April 2010 

for the treatment of asymptomatic or minimally symptomatic metastatic CRPC.  

Recently, Sheikh et al. analyzed the data for immunological responses to sipuleucel-T therapy and 

correlated the immunological responses with overall survival (OS) by assessing antigen-specific 

cellular and humoral responses [32]. Peripheral immune responses were measured in a subset of 

consented subjects enrolled in the IMPACT study (n = 237). Authors show that APC activation 

occurred in the first dose and increased in the second and third dose preparations. Cumulative APC 

activation and APC number correlated with OS (p < 0.05). Interferon gamma (IFNγ) enzyme-linked 

immunosorbent spots (ELISPOT) evaluated at 0, 2, and 4 weeks after treatment showed antigen-specific 

immune responses in 78.8% of monitored subjects and their presence correlated with OS (p = 0.003). 

These data suggest that large majority of patients not only showed induction of immune responses but 

immune responder patients showed positive correlation with OS. Induction of antigen-specific immune 

activation may be the mechanism by which sipuleucel-T may prolong OS [32].  
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2.2. GM-CSF-Modified Tumor Cell Vaccines  

GVAX
®

 (Cell Genesys, Inc., South San Francisco, CA, USA) vaccines are comprised of genetically 

modified tumor cells engineered to secrete GM-CSF. GVAX was constructed from two allogeneic  

cell lines, LN-CaP and PC-3. These cell lines were selected since they represent a broad antigenic 

spectrum of prostate cancer. The PC-3 cell line was derived from a prostate cancer bone metastasis and 

is hormone-refractory, which is the hallmark of the lethal phenotype of prostate cancer [33,34]. The 

LnCaP is a hormone sensitive cell line, which was developed from a prostate cancer metastasis to a 

lymph node, expresses a number of restricted differentiation antigens, including prostate-specific 

antigen (PSA), prostate-specific membrane antigen and a mutant androgen receptor [34]. These two 

cell lines were genetically modified to secrete GM-CSF. GM-CSF is a potent cytokine activator of 

APCs, and plays an important part in breaking tolerance and the development of antitumor immune 

responses [34]. 

A single-institution phase I/II trial was done in hormone therapy–naïve patients with prostate-specific 

antigen (PSA) relapse following radical prostatectomy and absence of radiologic metastases [35]. 

Treatments were administered weekly via intradermal injections of 1.2 × 10
8
 GM-CSF gene–transduced, 

irradiated, cancer cells (6 × 10
7
 LNCaP cells and 6 × 10

7
 PC-3 cells) for 8 weeks. The study enrolled 

21 patients. Toxicities included local injection-site reactions, pruritus, and flu-like symptoms. Data 

analysis for immunological responses showed recruitment of CD1a
+
 dendritic cells and CD68

+
 

macrophages at injection site in biopsies samples. Patients developed new polyclonal antibodies 

reactive against antigens present in LNCaP or PC-3 cells post treatment [36]. A partial PSA response 

in 1 of 21 patients and a reduction in PSA velocity post treatment in 16 of 21 patients provide preliminary 

evidence of clinical antitumor activity [35]. A second trial was conducted in 55 chemotherapy-naïve 

patients with hormone-refractory prostate cancer (HRPC). HRPC patients with radiologic metastases 

(n = 34) or rising PSA (n = 21) received a prime dose of 500 million cells and 12 boost doses of either 

100 million cells (low dose) or 300 million cells (high dose) biweekly for 6 months. End points were 

changes in PSA, TTP, and overall survival. Median overall survival was 26.2 months (95% confidence 

interval, 17, 36) in the radiologic group: 34.9 months (8, 57) after treatment with the high dose  

(n = 10) of immunotherapy and 24.0 months (11, 35) with the low dose (n = 24). The most common 

adverse events were injection site reaction and fatigue, no dose-limiting or autoimmune toxicities were 

seen. These results suggest that this GM-CSF–secreting, allogeneic cellular immunotherapy is well 

tolerated and may have clinical activity in patients with metastatic HRPC [36]. This vaccine was 

subsequently modified to increase GM-CSF production. The safety and activity of this modified 

product was evaluated in a phase I–II, multicenter, open-label study in patients with metastatic CRPC. 

Eighty men with progressive asymptomatic, chemotherapy-naive PC with castration-resistant disease 

were treated with different dose levels of the vaccine product [37]. The median survival time was  

35 months in the high-dose group, 20 months in the mid-dose, group, and 23.1 months in the low-dose 

group. PSA stabilization occurred in 15 patients (19%). The most common adverse effect was 

injection-site erythema and a maximal tolerated dose was not established. The proportion of patients 

who generated an antibody response to one or both cell lines increased with dose and included 10 of  

23 (43%) in the low-dose group, 13 of 18 (72%) in the mid-dose group, and 16 of 18 (89%) in the 

high-dose group [37].  
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Phase III trial of GVAX
 
in asymptomatic CRPC patients (VITAL 1) was designed to enroll  

600 patients with superiority in overall survival as primary endpoint compared to chemotherapy 

(docetaxel/prednisone) arm [38]. The study completed accrual of 626 patients with more than 45% of 

patients with Gleason score > 8. The median follow up period was 66 weeks. The study was closed 

early due to disappointing results of interim analysis. The median survival was 20.7 months on GVAX 

and 21.7 months on docetaxel plus prednisone arm, with hazard ratio 1.03 during 66 weeks of follow 

up period. The toxicity was much less in GVAX arm compared to docetaxel plus prednisone arm. In 

the subset of men with Halabi predicted survival (HPS) >18 months (n = 264), median survival was 

prolonged on GVAX (29.7 months) compared to docetaxel plus prednisone (27.1 months) suggesting 

that an immunotherapy may take longer to induce favorable effect [38]. The lack of efficacy of GVAX 

may be due to the study design such as using chemotherapy as a comparator arm and inclusion of 

patients with more aggressive disease (>45% patients had >8 Gleason score). Vaccines are more likely 

to be efficacious in patients with less aggressive disease and in those who had prior chemotherapy to 

reduce the tumor burden. A recent study reported that treatment with GVAX plus ipilimumab is 

feasible and safe in mCRPC patients. Improvement in bone scan, and tumor regression on CT scan 

suggest that this combination of immunotherapy has clinical activity in mCRPC and provides rationale 

for combination therapy [39].  

2.3. ProstVac-VF  

ProstVac-VF, a PSA targeted therapeutic vaccine, is a combination of recombinant vaccinia  

and fowlpox viruses vaccine that delivers PSA along with three costimulatory signals (known as 

Tricom) [24] to enhance antigen uptake by DC and subsequent antigen presentation to T-cells. Both 

vectors contain the transgenes for prostate-specific antigen (PSA) and three T-cell co-stimulatory 

molecules (B7.1, ICAM-1, and LFA-3; termed Tricom). Use of two viruses in ProstVac-VF vaccine 

was to avoid the effect of neutralizing antibodies formed after immunization with the first vaccinia 

virus; in this heterologous prime/boost strategy the subsequent boost is given with the fowlpox virus. 

The interaction of these APCs with T cells initiated a targeted immune response and T cell-mediated 

tumor cell destruction. Phase I trial evaluated the clinical safety of this vaccine approach using 

recombinant vaccinia virus (prime) and recombinant fowlpox virus (boost) in combination with  

GM-CSF in 15 metastatic prostate cancer patients. Initial clinical studies showed that vectors were 

safe, induction of PSA-specific immune responses, and reduction in PSA levels [40–43]. Based on the 

safety and preliminary immunogenicity results of this trial, a randomized phase II study of prostate 

specific antigen/tricom vaccines was recommended in patients with less advanced prostate cancer.  

A phase II randomized clinical trial with ProstVac-VF was conducted by the Eastern Cooperative 

Oncology group. Patients were randomly assigned vaccine combination, Arm (A) received four rF-PSA 

vaccines, Arm (B) received three rF-PSA vaccines followed by a single rV-PSA vaccine and, Arm (C) 

received a single rV-PSA vaccine followed by three rF-PSA vaccinations. The major end point was 

PSA response at 6 months, and PSA-specific T-cell responses. The prime/boost schedule was well 

tolerated with negligible toxicity. Overall, of all the eligible patients, 45.3% of men remained free of 

PSA progression at 19.1 months, 78.1% of the men demonstrated clinical progression-free survival 

(PFS) and 46% of men demonstrated an increase in PSA-reactive T-cells [44].  
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ProstVac-VF treatment was also evaluated for prolongation of PFS and OS in a randomized, 

controlled, and blinded phase II study in 125 patients who had minimally symptomatic mCRPC. 

Patients were allocated (2:1) to ProstVac-VF plus GM-CSF or to control empty vectors plus saline 

injections. Eighty-two patients received ProstVac-VF and 40 received control vectors. The primary 

end-point was progression free survival (PFS), which was similar in the two groups (p = 0.6). 

However, at 3 years post study, ProstVac-VF patients had a better OS with 25 (30%) of 82 alive versus 

7 (17%) of 40 controls, prolonged median OS by 8.5 months (25.1 versus 16.6 median OS months for 

controls) in men with mCRPC [45]. Based on an 8.5-month improvement in median overall  

survival observed in this trial, a randomized double-blind phase III trial has been designed which will 

compare the effect of ProstVac-VF with or without GM-CSF versus placebo on overall survival in 

men with minimally symptomatic mCRPC and will enroll 1,200 patients (ClinicalTrials.gov Identifier: 

NCT01322490). In non-mCRPC there have been three ongoing phase II trials that are evaluating 

ProstVac-VF alone or in combination with chemo- and radioimmunotherapy (ClinicalTrials.gov 

Identifiers: NCT00450463, NCT01145508, and NCT00450619).  

A Phase I clinical trial of combination therapy of ipilimumab and a PSA-Tricom in metastatic 

castration-resistant prostate cancer showed evidence of clinical benefit with the median overall 

survival of longer than 34 months and development of specific immune responses in six out of  

30 patients. Study provides the rationale to combine two forms of modern immune-based therapies 

without more clinically significant or synergistic toxic effects [46,47]. 

3. DNA Vaccines  

Immunizations with plasmid DNA encoding tumor-associated antigens has been shown to induce 

potent humoral and cellular immune responses [48–51]. A preclinical study showed that injection  

of a DNA vaccine encoding full-length prostatic acid phosphatase (PAP) antigen elicited an  

antigen-specific CD8
+
 T cells in rodents [18], led to a phase I/IIa trial with a DNA vaccine encoding 

human PAP in patients with stage D0 prostate cancer with the goal to elicit a sustainable immune 

response, able to eradicate a tumor or at least, restrain its growth [52]. In this trial, 22 patients were 

treated in a dose-escalation manner with 100, 500, or 1,500 μg of plasmid DNA, co-administered 

intradermally with 200 μg GM-CSF, six times at 14-day intervals. Three of 22 (14%) patients 

developed PAP-specific IFNγ-secreting CD8
+
 T-cells immediately after the treatment course. Nine of 

22 (41%) patients developed PAP-specific CD4
+
 and/or CD8

+
 T-cell proliferation. Antibody responses 

to PAP were not detected. Overall, the PSA doubling time was observed to increase from a median  

6.5 months pretreatment to 8.5 months on-treatment (p = 0.033), and 9.3 months in the 1-year  

post-treatment period (p = 0.054). This study established that a PAP encoding DNA vaccine is safe and 

elicits an antigen-specific T-cell response [52]. Immunologic efficacy of PAP encoding DNA vaccine 

was also reported by Becker et al., this study showed that antigen-specific cytolytic T-cell responses 

were amplified after immunization in seven of 12 HLA-A2 expressing individuals, and that multiple 

immunizations seemed necessary to elicit PAP-specific IFNγ Elispots [53]. These data suggest that 

DNA vaccines targeting PAP could potentially be combined in heterologous immunization strategies 

with other vaccines to further augment PAP-specific T-cell immunity [53]. 
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4. Armed Activated T Cell (ATC) Therapy-HER2 “Positive” CRPC as Targets 

In prostate cancer, Her2/neu (HER2) over expression is reported to high [54–56]. Patients with 

HER2 positive (2+ or higher on IHC) cancers have better survival and lower relapse rates as compared 

to the HER2 negative prostate cancers [57]. Over-expression of HER2 in CRPC patients makes it an 

ideal target for anti-CD3 activated T cells (ATC) armed with anti-CD3 × anti-Her2 bispecific antibody 

(Her2Bi). Our approach combines the non-MHC-restricted cellular cytotoxicity mediated by anti-CD3 

activated T cells (ATC) coated with the bispecific antibodies. One end of bispecific antibody binds  

to T cells through anti-CD3 and other end to the Her2/neu on the tumor cells through anti-Her2 

antibodies. After arming with Her2Bi, every T cell is transformed into a specific cytotoxic T cell 

directed at tumor cells. Our preclinical studies show that ATC armed with Her2Bi exhibited high 

levels of non-MHC restricted cytotoxicity directed at PC-3, DU-145, and LNCaP prostate cancer cell 

lines produced tumoricidal cytokines such as interferon γ (IFNγ), tumor necrosis factor α (TNFα), and 

GM-CSF as well as MIP-1alpha and RANTES [58–60]. Our findings suggest that Her2Bi-armed ATC 

therapy may be an effective, nontoxic, tumor-specific treatment for Her2-positive CRPC. 

Metastatic patients with higher serum HER2 levels had a shorter time to recurrence when compared 

to those with lower levels [57,61]. Our phase I trial in seven patients with CRPC established the safety 

of Her2Bi-armed ATC infusions [62]. The PSA levels decreased in three of 7 (43%) patients and one 

of seven had a >50% decline in PSA below baseline levels that persisted more than 4 months. There 

was a decrease in narcotic use in two of the 7 (28.5%) men possibly due to decreased bone pain. 

Evaluation of immune responses in our phase I clinical trial CRPC patients suggest that infusions of 

Her2Bi-armed ATC induce robust long-lasting anti-tumor responses. These data suggest that aATC 

therapy either alone or in combination with other vaccines may provide additional benefit to metastatic 

PC patients.  

5. Chemotherapies as Immune Modulators  

Cancer chemotherapy and radiotherapy cause a direct cytotoxic effect on tumor cells; dying tumor 

cells release molecules that promote the activation and the functional maturation of the most potent 

antigen-presenting dendritic cells [63–65]. One study showed the immunostimulatory properties of 

dying tumor cells after chemotherapy (chemoT) or radiation therapy and suggested that inflammation 

and TLR signaling play important roles in cancer chemotherapy [66]. Crosspresentation of antigens 

from apoptotic tumor cells in the context of MHC class I required TLR4 and MyD88 to generate 

antitumor cytotoxic T cell (CTL) responses triggered by the nuclear protein high-mobility group box 1 

protein (HMGB1). Patients with breast cancer who carry a TLR4 loss-of-function allele relapse more 

quickly after radiotherapy and chemotherapy than those carrying the normal TLR4 allele. These results 

describe a clinically relevant immunoadjuvant pathway triggered by chemotherapy induced tumor cell 

death [66]. 

Combinations of chemotherapy and immunotherapy show induction of immune responses in 

patients who were given lower, more frequent doses of docetaxel (without daily steroids) combined 

with vaccine [67]. However, studies that combine vaccine with higher doses of docetaxel are 

challenged by the lymphodepleting properties of chemotherapy [67]. In Eastern Cooperative Oncology 
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Group trial (E1809) immunotherapy (ProstVac-VF) was administed before chemotherapy with  

the idea to avoid the immunosuppressive effects of chemotherapy and create a proinflammatory 

microenvironment in which tumor-cell destruction by chemotherapy can be augmented by  

immune-mediated tumor lysis using comparator arm as chemotherapy alone [68]. However, this trial 

was closed early due to poor accrual (after enrolling only 10 out of 144 patients) [68].  

Furthermore, a randomized phase II clinical trial was designed to determine if a poxviral vaccine 

encoding PSA can induce a PSA-specific T-cell response when combined with radiotherapy in patients 

with clinically localized prostate cancer [69]. Thirty patients were randomized in a 2:1 ratio into 

vaccine plus radiotherapy or radiotherapy-only arms. Seventeen of 19 (89%) patients in the 

combination arm completed all eight vaccinations and 13 of these 17 (76%) patients had increases in 

PSA-specific T cells of at least 3-fold versus no detectable increases in the radiotherapy-only arm  

(p < 0.0005). This vaccine regimen can be safely given in patients undergoing radiation therapy for 

localized prostate cancer, with the majority of patients generating a PSA-specific cellular immune 

response to vaccine [69].  

The VITAL 2 phase III trial compared GVAX + docetaxel to docetaxel plus prednisone alone arm 

in symptomatic CRPC patients. This trail enrolled 408 of 600 planned patients but was closed  

early due to an increased number of deaths [70,71]. Survival curve showed inferior survival for  

GVAX + docetaxel arm compared to docetaxel plus prednisone arm with median survival of 12.2 and 

14.1 months and hazard ratio of 1.7, however, longer follow up showed reduction in hazard ratio of  

1.4 [70,71]. In this trial there may be several reasons that may have lead to the lack of efficacy of 

GVAX, (a) an unknown interaction of GM-CSF with docetaxel; (b) GM-CSF in GVAX may stimulate 

myeloid derived suppressor cells leading to the endogenous immune suppression as a result of 

docetaxel and GM-CSF interaction; (c) reduced dose of docetaxel and treatment schedule may have 

caused the increased rate of disease progression. A careful examination of deficiencies and flaws in the 

study design of this phase III trail may provide insight into designing future studies with better 

outcome. However, it is important to note that there is often a delayed effect seen in immunotherapy 

studies and since both GVAX phase III trials were terminated early, it is likely that in the early follow 

up period outcome appeared worse. 

6. Antibody Based Immunotherapy Targeting Checkpoint Inhibitors 

Cytotoxic T-lymphocyte–associated antigen-4 (CTLA-4) is the best characterized regulatory 

molecule of the immunoglobulin superfamily [72,73]. CTLA-4 and programmed death-1 (PD-1) are 

the immunologic regulators which prevent immune-mediated damage to normal tissues [74,75], but on 

the flipside these innate immune checkpoints can also inhibit immune responses. Both CTLA-4 and 

PD-1 are upregulated with T-cell activation, and the ligands for PD-1 (PD-L1, PD-L2) are often 

expressed by tumors. Therefore, to design the successful therapies, immunosuppressive mechanisms 

have to be targeted simultaneously [76]. CTLA-4 blockade enhances T cell activation and memory 

against a poorly immunogenic spontaneous murine tumor and generates antitumor T-cell responses in 

early stages of tumor growth [77]. Similarly, the combination of CTLA-4 blockade and a vaccine 

consisting of GM-CSF-expressing cancer cells resulted in regression of parental tumors, despite the 

ineffectiveness of either treatment alone in murine model [78]. Collectively, these preclinical 



Cancers 2013, 5 577 

 

experiments suggest that appropriate manipulation of T cell costimulatory and inhibitory signals may 

provide a basis for CTLA-4 based prostate cancer immunotherapy.  

The safety and activity of anti-CTLA-4 Ab (ipilimumab; Bristol-Myers Squibb) alone or with a 

single dose of docetaxel in HRPC was evaluated by Small et al. [79]. Chemotherapy naïve patients  

(n = 43) with HRPC were treated; 23 were in arm A (ipilimumab at 3 mg/kg q 4 weeks × 4 doses) and 

20 in arm B (ipilimumab as in Arm A and one dose of 75 mg/m
2
 of docetaxel on day 1). Six patients,  

three in each arm, demonstrated a decrease in PSA of >50%. Three patients, two in arm A, and one in 

arm B had confirmed PSA responses with durations of 79+, 169+, and 280 days, respectively [79]. 

Another study investigated the diversity of Ab responses modulated by treatment with CTLA-4 

blockade and GM-CSF in a phase I trial where a combination of ipilimumab and GM-CSF was 

administered to patients with metastatic CRPC who had not received any prior chemotherapy or 

immunotherapy [80,81]. Authors demonstrated that blocking of immune checkpoint modulates  

Ag-specific responses to both individualized and shared Ags, some of which can mediate anti-tumor 

responses. In addition, they showed that clinical responders develop Ag-specific immune responses 

distinct from clinical non-responders [81]. In addition anti-CTLA-4 monotherapy, trials are ongoing 

with anti-CTLA-4 (ipilimumab) combined with ProstVac-VF [82] or a GM-CSF-secreting whole 

tumor cell vaccine (GVAX; BioSante Pharmaceuticals) in prostate cancer [83]. 

Like CTLA-4, PD-1 is also an inhibitory receptor expressed on activated T cells and known to 

inhibit antitumor immunity [84]. CD8
+
 T cells that infiltrate prostate and melanoma tumors express 

high levels of PD-1 and have impaired effector functions, moreover, B7-H1/PD-1 forms a molecular 

shield to prevent destruction by CTLs [85] suggesting that reversal of PD-1 signaling in those cells can 

have direct effects on the tumor cell killing [86,87]. Study reported by Hamanishi et al. showed a 

significant inverse correlation between PD-L1 expression and the intraepithelial CD8
+
 T lymphocyte 

count, suggesting that PD-L1 on tumor cells directly suppresses antitumor CD8
+
 T cells [87]. The 

diversity of CD8
+
 TCR beta chain variable region (Vbeta) gene sequences in both the peripheral blood 

and prostates of cancer patients exhibited restricted TCR Vbeta gene usage in CD8
+
 prostate infiltrating 

lymphocytes and express high levels of the inhibitory receptor PD-1. These data suggest that PD-1 

blockade may be useful in immunotherapy for prostate cancer [88]. 

Antibodies to PD-1 have demonstrated efficacy in a number of malignancies in phase I clinical 

trials, including prostate cancer. The safety and tolerability of anti-PD-1 blockade in patients with 

treatment-refractory solid tumors was reported by Brahmer et al. Thirty-nine patients with advanced 

metastatic melanoma, colorectal cancer (CRC), CRPC, non-small-cell lung cancer (NSCLC), or renal 

cell carcinoma (RCC) received a single intravenous infusion of anti-PD-1 (MDX-1106; Bristol-Myers 

Squibb) in dose-escalating six-patient cohorts at 0.3, 1, 3, or 10 mg/kg, followed by a 15-patient 

expansion cohort at 10 mg/kg. Patients with evidence of clinical benefit at 3 months were eligible for 

repeated therapy [89]. Blocking the PD-1 immune checkpoint with intermittent antibody dosing is well 

tolerated and associated with evidence of antitumor activity. A phase I trial showed objective 

responses in a number of tumors with PD-1 antagonists [90], a partial response was seen in one of 15 

(6.7%) patients, and stable disease (>4 months) was seen in three of 15 (20%) patients with CRPC [90], 

immune-related toxicities seem to be a more benign than CTLA-4 blockade [91].  

In summary, the IT experience in metastatic PC highlights the following: (1) Approval of 

sipuliucel-T and results of randomized phase II clinical trial with ProstVac-VF suggest that IT may be 
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effective against prostate cancer (2) Much less toxicity and adverse events indicate that IT is better 

tolerated than the current chemotherapy regimens (3) Study design and identification of patient subsets 

responding to IT remains a challenge (lessons from Phase III trials with GVAX); (4) Targeting of 

immunosuppressive tumor microenvironment are needed prior to the design and beginning of large 

randomized trials (such as combining vaccines with immunotherapies targeting checkpoint inhibitors).  

7. The Mechanisms of Immune Evasion/Immunosuppression 

Tumors have developed mechanisms to evade the immune system [92]. The tumor microenvironment 

can also support the recruitment and expansion of myeloid derived suppressor cells (MDSC), T 

regulatory cells (Tregs), tumor associated macrophages (TAMs) that can inhibit effector T-cell 

functions [93,94]. In addition, tumor-related factors can impede the maturation of DCs through 

secretion of immunosuppressive cytokines, and mutated or lack of expression of immunomodulatory 

molecules [95]. Molecular targets regulating immune suppression include arginase, nitric oxide 

synthase, indoleamine-2,3-dioxygenase (IDO), and signal transducers and activators of transcription 

(STAT) [96–98]. Both STAT-1 and STAT-3 signaling have been implicated in tumor development. 

Studies have shown tumor escape mechanisms in STAT-1
−/−

 mice, and STAT-3 signaling was 

identified in the inhibitory effects of IL-10 on DC maturation and migration, and impairment of CD4
+
 

T-cell function [97].  

7.1. Myeloid Derived Suppressor Cells (MDSC) 

MDSCs are an important cell subset that contributes to an immunosuppressive tumor 

microenvironment [99,100]. MDSC accumulation and activation are driven by multiple factors, many 

of which are identified with chronic inflammation [101,102]. The expansions of MDSCs are associated 

with several inflammatory mediators, and STAT3 is arguably the main transcription factor that 

regulates the expansion of MDSCs [103]. Investigation of changes in the levels of circulating MDSC 

with progression of PC and after the immunotherapy [104] showed high percentage of CD14
+
/ 

HLA-DR
l
°

/−
 monocytic MDSC in treated PC (30.7 ± 15.0% of CD14

+
 cells) compared to untreated PC 

(10.6 ± 14.3%, p = 0.0001) patients. These CD14
+
/HLA-DR

l
°

/−
 monocytes were able to suppress 

immune cell functions in vitro. Elimination of these MDSC may thus significantly improve antitumor 

responses and enhance effects of cancer immunotherapy [104,105]. The effect of gemcitabine on the 

number of (Gr-1+/CD11b+) cells was studies in the spleens of animals bearing large tumors derived 

from five cancer lines grown in both C57Bl/6 and BALB/c mice [106,107]. This study showed that 

gemcitabine, given at a dose similar to the dose used in patients, was able to dramatically and 

specifically reduce the number of MDSC in the spleens of animals bearing large tumors with no 

significant reductions in CD4
+
 T cells, CD8

+
 T cells, NK cells, macrophages, or B cells. The loss of 

myeloid suppressor cells was accompanied by an increase in the antitumor activity of CD8
+
 T cells and 

activated NK cells [106,107].  

In a randomized, double-blind, placebo-controlled phase II trial, Pili et al. [108] investigated the 

activity of the novel antitumor agent tasquinimod (TASQ), which targets the S100A9 receptor 

expressed on MDSC, in men with metastatic castration-resistant prostate cancer (CRPC) and minimal 

symptoms. In this study, patients were assigned (at a ratio of two to one) to either oral once-daily 
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TASQ 0.25 mg/d escalating to 1.0 mg/d over 4 weeks or placebo. The primary end point was the 

proportion of patients without disease progression at 6 months. Two hundred one evaluable patients 

with balanced baseline characteristics, 134 were assigned to TASQ and 67 to placebo. For TASQ 

group the 6-month progression-free proportion was 69% (p < 0.001)compared to 37% in placebo 

group, and median progression-free survival (PFS) was 7.6 versus 3.3 months (p = 0.0042). This study 

showed that TASQ significantly slowed disease progression and improved PFS in patients with 

metastatic CRPC with an acceptable AE profile. Since one of the molecular targets for TASQ is a 

receptor S100A9 expressed on MDSCs [109,110], authors suggest that the antiangiogenic [110] and 

antimetastatic properties of TASQ are mediated through modulation of MDSC activity within the 

tumor microenvironment. 

We have recently shown a significant decrease in MDSC populations in the presence of ATC armed 

with either Her2Bi or EGFRBi (anti-CD3 × anti-EGFR bispecific antibodies) in our in vitro 3D culture 

model. These data suggest that aATC can suppress MDSC differentiation and attenuation of their 

suppressive activity through down regulation of COX2, PGE2 and ARG1 [111] that is potentiated in 

presence of Th1 cytokines and chemokines (IFN-, IL-2, CXCL9 and CXCL10) [112]. Immunotherapeutic 

strategies that can target MDSC and tumor cells simultaneously may improve the antitumor efficacy of 

the treatment.  

7.2. T-Regulatory Cells (Tregs) 

Tregs (5–10% of the peripheral CD4
+
 T cells) are responsible for peripheral tolerance to  

self-antigens [78] while absence of Treg favors autoimmunity. These regulatory T cells also play a 

critical role in suppressing immune responsiveness to tumors hence supporting tumor growth.  

In PC patients, tumor progression has also been linked to increased immune suppression [113]. Treg 

expansion following androgen ablation may be one of the mechanisms responsible for transient 

immune response after androgen ablation [114]. A trend (p = 0.029) between OS and a decrease in 

Treg suppressive function has been shown in post- versus pre-vaccination patients [115]. The 

prognostic implications of the pretreatment level of Th17 cells compared with regulatory T-cell status 

in PC patients receiving active whole cell immunotherapy was investigated by Derhovanessian et al. [116]. 

They showed that frequency of CCR4
−
/IL-17

+
/CD4

+
 T-cells pre vaccination inversely correlated with 

TTP in 23 prostate cancer patients. Responder patients with significant reductions in PSA velocity 

(PSAV) in response to the immunotherapy (n = 9) showed a Th17 profile similar to healthy male 

controls and significantly different from non-responder patients (n = 14) [116].  

The effects of adding low-dose
 
cyclophosphamide to a cell-based immunotherapy was investigated 

in mice bearing endogenous prostate tumors (TRAMP model). This study showed that dose and timing 

of cyclophosphamide with allogeneic GVAX immunotherapy is important for potentiating the  

efficacy of immunotherapy. Interestingly, Teff/Treg ratio increased for CD4
+
 and CD8

+
 suggesting that 

cyclophosphamide may inhibit Tregs thereby stimulating the effector T cells, functional effect of these 

data was evidenced by reduced tumor weights when cyclophosphamide was administered
 
before each 

immunotherapy cycle [65].  
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7.3. Modulation of Tumor Microenvironment to Improve Immune Based Therapies 

Tumor-derived factors and cellular components such as IL-10 and transforming growth factor-β 

(TGF-β), IDO, expression of negative co-stimulatory ligands PDL-1 and CTLA-4 and the presence of 

regulatory lymphocyte and myeloid cell populations pose challenges for the success of immunotherapy 

and anti-tumor responses [95,117]. Combining vaccines with therapeutic strategies that are designed to 

inhibit or alleviate the immunosuppressive microenvironment such as imatinib [118] (which inhibits 

IDO), sunitinib [119] (which antagonizes MDSCs and TReg cells), cyclophosphamide [120] (kills TReg 

cells) and gemcitabine [106] (kills MDSCs) may enhance the effect of immunotherapy and promote 

anti-tumor immune responses (Figure 1). 

Figure 1. Shows the two key cellular components of the tumor microenvironment  

(a) tumor component that include tumor cells, stromal cells and cancer stem like cells, and 

(b) immune component that include cells of the immune system with immune suppressive 

properties. Therapeutic strategies that can target both components or reverse the 

immunosuppressive environment and harness the immune cells to target tumor cells would 

lead to tumor-specific immunological memory for long-lasting regression in cancer patients. 

 

8. Conclusions 

In spite of rapidly progressing treatment modalities for prostate cancer, effective treatment 

modalities for advanced prostate cancer are still lacking. Although some combination clinical trials in 

advanced diseases have shown encouraging results, several challenging issues need careful 

consideration such as timing of immunotherapy, sequence of immunotherapy, androgen deprivation 

therapy, and rationale for early stage versus advanced disease. Perhaps a careful evaluation of existing 
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knowledge may provide a valuable resource to design an effective treatment strategy that can induce 

tumor-specific immunological memory for long-lasting regression in cancer patients. 
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