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Metastatic castration-resistant prostate cancer (mCRPC) is a challenging disease to treat, with poor outcomes for

patients. One antitumor vaccine, sipuleucel-T, has been approved as a treatment for mCRPC. DNA vaccines are another

form of immunotherapy under investigation. DNA immunizations elicit antigen-specific T cells that cause tumor cell lysis,

which should translate to meaningful clinical responses. They are easily amenable to design alterations, scalable for

large-scale manufacturing, and thermo-stable for easy transport and distribution. Hence, they offer advantages over other

vaccine formulations. However, clinical trials with DNA vaccines as a monotherapy have shown only modest clinical

effects against tumors. Standard therapies for CRPC including androgen-targeted therapies, radiation therapy and

chemotherapy all have immunomodulatory effects, which combined with immunotherapies such as DNA vaccines, could

potentially improve treatment. In addition, many investigational drugs are being developed which can augment antitumor

immunity, and together with DNA vaccines can further enhance antitumor responses in preclinical models.
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1. Introduction

Prostate cancer has been generally viewed as an immunologically “cold” tumor (i.e., devoid of infiltrating lymphocytes),

because trials evaluating T-cell checkpoint blockade therapies, including anti-PD-1 or anti-CTLA-4, have shown little

benefit for all but a small number of patients with prostate cancer . This lack of response has been partly attributed

to lower numbers of tumor-infiltrating CD8+ T cells in prostate tumors relative to many other solid tumor types that benefit

from checkpoint blockade therapy . Prostate cancers also have lower mutational burdens, suggesting a lower number of

potential tumor-specific mutation-associated neoantigens for CD8+ T cells to recognize . Although the presence of tumor

infiltrating CD8+ T cells has been associated with favorable long-term outcomes for most tumor types, this association has

been controversial in prostate cancer. In fact, several reports have associated a higher frequency of CD8+ prostate-

infiltrating lymphocytes with shorter time to disease progression . Emerging research also suggests that the prostate

tumor microenvironment contains elevated levels of myeloid-derived suppressor cells (MDSCs) and indoleamine 2,3

dioxygenase (IDO), contributing to an immunosuppressive environment . Together, these findings have suggested

that the microenvironments of prostate tumors may be different from those of other solid tumors and that additional

immune regulatory cells, cytokines, or other metabolic factors such as hypoxia may affect the function of tumor-infiltrating

CD8+ T cells and the response of prostate tumors to immune therapies .

Despite the poor response of prostate tumors to T-cell checkpoint blockade therapies, prostate cancer clearly can respond

to immune-targeted therapies. Vaccines, agents able to activate and expand tumor-associated T cells, have demonstrated

clinical activity in prostate cancer . In fact, only one therapeutic cancer vaccine has been FDA-approved for

human use, sipuleucel-T (Sip-T), which is an autologous cellular cancer vaccine for patients with mCRPC . Sip-T was

approved on the basis of randomized clinical trials demonstrating improved overall survival of treated patients . In

contrast, many antitumor vaccines investigated for patients with melanoma, a disease characterized by many more tumor-

infiltrating CD8+ lymphocytes, have failed to demonstrate significant clinical benefit to mCRPC patients. This suggests

that vaccines may skew the population of CD8+ T cells, or in some cases, permit infiltration of tumors by CD8+ T cells, an

approach that might work best in tumors with few tumor-infiltrating lymphocytes. Patients with newly diagnosed prostate

cancer who were treated with Sip-T prior to prostatectomy had significantly more tumor-infiltrating T cells . This

suggests that agents, such as T-cell checkpoint molecules that can modulate the function of these tumor-infiltrating

lymphocytes, might best be combined with antitumor vaccines. This approach was tested in a murine model of prostate

cancer, in which TRAMP mice were treated with the cellular vaccine GVAX (a cellular vaccine made from gene-modified

tumor cells), anti-CTLA-4 blocking antibody, or the combination. Decreased tumor grade and increased lymphocytic

infiltration of tumors was observed only with the combination treatment . This combination was then evaluated in a

small clinical trial in which patients with advanced prostate cancer were treated with the GVAX vaccine in combination
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with ipilimumab . Specifically, 20% of patients experienced 50% or greater declines in serum PSA levels, suggesting

clinical activity. Unfortunately, GVAX alone was not further pursued after early failures in two phase 3 trials . In one

study, patients were treated with GVAX or docetaxel and prednisone, however, it was terminated early due to a data

monitoring committee determination that the study had less than 30% chance of meeting its primary endpoint of increased

overall survival . In another study, GVAX combined with docetaxel was compared to docetaxel with prednisone in

patients with CRPC, where it was determined that overall survival was significantly shorter in the GVAX arm . Due to

the decision to not further pursue GVAX as a treatment, the combination approach of GVAX with ipilimumab was not

further explored. Notwithstanding, this demonstrates that combination approaches, using antitumor vaccines with agents

able to modulate the infiltration or activity of immune effector cells elicited with vaccination, are reasonable for further

evaluation in clinical trials.

Although Sip-T has shown a significant but arguably modest effect in the treatment of mCRPC, and could theoretically be

combined with other agents, the cost associated with this treatment makes it less accessible to the majority of patients

and makes combination approaches potentially prohibitively costly . DNA vaccines are significantly cheaper, can be

used off-the-shelf, and several have already been approved for use in veterinary medicine . Many therapies that are

currently in use and in development also have immunomodulatory effects, which can be leveraged to further enhance the

antitumor efficacy of DNA vaccines. Combining DNA vaccines with other therapies is consequently a valid approach for

the treatment of mCRPC, and these combinations will be the focus of this review.

2. DNA Vaccines as Treatments for Prostate Cancer

Cancer vaccines act by inducing a specific, and ideally long-lasting, immune response against tumor antigens. Various

types of cancer vaccines have been tested, with varied mechanisms to elicit an immune response to either arrest cancer

progression or prevent tumor recurrence. In the case of prostate cancer, these have included cell-based vaccines, such

as dendritic cell vaccines (e.g., Sip-T) or whole tumor cells (e.g., GVAX), protein/peptide vaccines, viral/bacterial-based

vaccines (e.g., PROSTVAC, Bavarian Nordic Immunotherapies), and gene-based vaccines, including RNA and DNA

vaccines . Vaccines can target antigens shared by tumors from different individuals, or alternatively, neoantigen

vaccines are also being explored, which are specific to mutations arising in individual tumors. Theoretically, mutation-

associated neoantigen vaccines should be less susceptible to pre-existing T cell tolerance, because the antigens targeted

should not be presented in the thymus . However, the small number of tumor-specific mutations in prostate cancer may

ultimately limit the feasibility of neoantigen vaccines as an approach for prostate cancer. Although several vaccine

approaches have been evaluated in clinical trials for patients with prostate cancer, and reviewed elsewhere, our focus

here will be on DNA vaccines.

DNA vaccines are simple vehicles for in vivo transfection and antigen production, consisting of a circular piece of DNA that

encodes the antigen of interest under the control of a eukaryotic promoter . DNA vaccines have several advantages

over other vaccine platforms. They are easily amenable to design alterations, scalable for large-scale manufacturing, not

infectious, not restricted to individuals of a defined MHC type, and thermostable for easy transport and distribution. DNA

vaccines are administered by one of several delivery methods such as gene gun to the epidermis, intramuscular injection

, or intradermal injection. Conceptually, transfected dendritic cells, or dendritic cells cross-presenting antigen produced

by bystander transfected cells, travel from the site of delivery to draining lymph nodes, where antigen presentation and T-

cell activation occur . Intramuscular injection results in transfection of myocytes that, lacking costimulatory molecules

and MHC II molecules, transfer antigen to professional antigen-presenting cells, which can cross-present the antigen to

CD8+ T cells . The route of immunization can affect the resulting type of immune response .

DNA vaccines are currently not approved for use in humans but have been approved for the treatment of West Nile virus

in horses  and canine melanoma . However, human DNA vaccines are an active field of research, with clinical trials

ongoing in a variety of cancers and infectious disease .

Identifying target antigens is critical in vaccine design. As described above, while tumor-specific mutation-associated

neoantigens are being explored, most prior evaluation of prostate cancer vaccines has focused on antigens specific to

prostate cancer and shared by multiple individuals. Ideally, the target should be only expressed in the prostate (or more

specifically, the tumor) or at the least highly expressed in the prostate tumor compared to regular tissues to minimize off-

tumor cytotoxicity. At least four proteins have been identified as potential immune targets for DNA vaccines that are

currently or have been explored in clinical trials for patients with prostate cancer: prostatic acid phosphatase (PAP),

prostate-specific antigen (PSA), prostate-specific membrane antigen (PSMA), and the androgen receptor (AR) .

Preclinical studies investigating the use of DNA vaccines for prostate cancer have recently been reviewed by our group

and others . A summary of previous and ongoing clinical trials conducted with DNA vaccines in patients with prostate

cancer is shown in Table 1.
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Table 1. Clinical trials with DNA vaccines (both as monotherapy and in combination) in prostate cancer to date.

Vaccine
antigen

Vaccine Name Combination

Phase

(Number
Treated)

Rationale/Approach Major Finding
NCT trial
number

Ref.

Rhesus

PSA
pVAXrcPSAv531 –

1

(N = 15)

Dose escalation.

Safety, changes in

PSA kinetics, and

detection of PSA-

specific immune

responses in

patients with

nmCSPC

Vx was safe.

No changes in

PSA kinetics.

14/15 patients

had PSA-

specific

immune

responses due

to vx or ADT

NCT00859729

 

PSA pVAX/PSA –
1

(N = 8)

Dose escalation.

Safety and detection

of PSA-specific

cellular immunity in

CRPC

Vx was safe. At

highest dose

(900 μg), PSA-

specific cellular

and humoral

immunity

detected

-

PSA +

PSMA
INO-5150

+ IL-12 DNA

plasmid (INO-

9012)

 

1

(N = 62)

Safety, tolerability,

immune response to

PSA and PSMA,

PSA doubling time

and PSA kinetics.

Patients with

biochemically

recurrent PCa

(nmCSPC)

Vx was safe,

and 53/62

patients were

progression-

free after 72

weeks. PSA

doubling time

increased in

patients with

pretreatment

PSA doubling

time <12

months, and

47/62 patients

had PSA- or

PSMA-specific

immunity

NCT02514213
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PSMA +

PRAME
MKC1106-PP –

1

(N = 24)

Fixed DNA plasmid

(prime) and two

different doses of

peptide boost

(low/high). Safety,

PSA or PRAME

specific immune

response, clinical

benefit (stable

disease) in CRPC

Vx was safe,

and 4/10

showed PSA

decline or

stable disease

for >6 months.

Association

between

antigen-specific

T cells above

baseline and

disease control

(stable disease

>6 months)

NCT00423254

NY-ESO1 pPJV7611 –
1

(N = 16)

Safety and immune

response in patients

with different

malignancies,

including 9 with

metastatic prostate

cancer

Vx was safe. All

10 patients had

CD4+ immune

responses, and

2/10 patients

had CD8+

immune

responses

NCT00199849

AR LBD

 

 

 

pTVG-AR (MVI-

118)
–

1

(N = 40)

Safety, immune

response, median

time to PSA

progression, and 18-

month PSA

progression free

survival in patients

with mCSPC

Vx was safe,

and 14/30

evaluated

patients

developed AR-

specific cellular

immunity.

Patients with T

cell immunity

had

significantly

longer time to

PSA

progression

NCT02411786
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PAP
pTVG-HP (MVI-

816)
–

1

(N = 22)

Dose escalation.

Safety, PAP-specific

immune response,

PSA doubling time in

patients with

nmCSPC

Vx was safe,

and 9/22

patients

developed

PAP-specific

CD4+ and/or

CD8+ cell

proliferation.

PSA doubling

time increased

from 6.5

months

pretreatment to

8.5 months

post-treatment

and 9.3 months

to 1-year post-

treatment

NCT00582140

 

PAP
pTVG-HP (MVI-

816)
–

1/2

(N = 16)

Tested two

schedules: 6

immunizations every

2 weeks, then every

3 months for up to 2

years versus 6

immunizations every

2 weeks, then

immunized based on

results from immune

monitoring. In

patients with

nmCRPC

Immune

monitoring did

not lead to

superior

schedule.

Antigen-

specific T cells

elicited

persisted over

time

NCT00849121
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PAP
pTVG-HP (MVI-

816)
–

2

(N = 99)

Randomized to

pTVG-HP with GM-

CSF versus GM-CSF

alone in patients with

nmCSPC and PSA

doubling time < 12

months

Two-year

metastasis-free

survival was

not different

overall

between study

arms. Patients

with a

pretreatment

PSA doubling

time < 3

months, MFS

was

significantly

longer in vx

arm.

Decreased NaF

uptake by

PET/CT

imaging

suggested vx

affected bone

micrometastatic

disease

NCT01341652

 

PAP
pTVG-HP (MVI-

816)

+

pembrolizumab

1 / 2

(N = 66)

Assess pTVG-HP

with pembrolizumab

(concurrent) or

pTVG-HP vx first

followed by

pembrolizumab

(sequential) in

patients with

mCRPC

Median time to

radiographic

progression

was not

different; 8/13

patients treated

concurrently

and 1/12

patients treated

sequentially

had PSA

declines from

baseline. PSA

declines

associated with

PAP-specific

cellular

immunity and

CD8+ tumor

infiltration.

Expansion

cohorts

ongoing

NCT02499835
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PAP
pTVG-HP (MVI-

816)
+ Sip-T

2

(N = 18)

Assessed whether

pTVG-HP could

augment Sip-T

antitumor efficacy in

patients with

mCRPC

Treatment was

safe, and 11/18

patients

developed

PAP-specific

cellular

immunity.

Higher

antibody

immunity

observed in

patients

receiving

pTVG-HP

boost

compared to

Sip-T alone.

Median time to

progression

was not

significantly

different

NCT01706458

 

PAP
pTVG-HP (MVI-

816)
+ nivolumab

2

(N = 21–

41)

Assess the safety

and PSA complete

response rate using

pTVG-HP with

nivolumab in patients

with nmCSPC

Ongoing
NCT03600350

 
–

PAP and

AR LBD

pTVG-HP (MVI-

816) and pTVG-

AR (MVI-118)

+

pembrolizumab

2

(N = 60)

Assess efficacy (6m

PFS) of one versus

two DNA vaccines,

with PD-1 blockade

in patients with

mCRPC

Ongoing
NCT04090528

 
–

Mutation-

associated

neoantigens

 

 + PROSTVAC

+ ipilimumab +

nivolumab

1

(N = 20)

Will elucidate safety

and immune

response to a shared

antigen vaccine and

tumor-specific

antigen DNA vaccine

with ICB

Ongoing
NCT03532217

 
–

Abbreviations used: ICB immune checkpoint blockade, mCRPC metastatic castration-resistant prostate cancer,

nmCSPC non-metastatic castration-sensitive prostate cancer, MFS metastasis-free survival, NaF sodium fluoride, PCa

prostate cancer, vx vaccination.

The most studied antigen in human prostate cancer vaccine trials is prostatic acid phosphatase (PAP), the same target of

the sipuleucel-T vaccine. PAP is expressed at high levels in the epithelium in prostate cancer patients . In a Phase 1/2

dose-escalation study (NCT00582140), patients received pTVG-HP at three different doses: 100, 500, and 1500 μg at 14-

day intervals for six doses. The vaccine was well tolerated, and of the 22 patients on study, 6 patients developed at least a

threefold increase in PAP-specific CD4+ proliferative T cells, and 3 patients developed at least a threefold increase in

PAP-specific CD8+ proliferative T cells . Immune responses were detected at each dose level. Furthermore, 7 of 22
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patients experienced an increase in PSA doubling time . In a separate phase 1 trial, two different schedules of pTVG-

HP were assessed in 17 patients . The first schedule was fixed, with six 14-day interval immunizations, followed by

boosters every 3 months for up to 2 years. The second schedule received 6 immunizations at 14-day intervals, after which

they were monitored for PAP-specific immune responses to guide subsequent immunizations. The study identified that

multiple DNA immunizations were required to elicit and maintain a long-term PAP-specific immune response. Given these

findings, a randomized phase 2 study (NCT01341652) was conducted to determine whether vaccination could delay the

development of metastatic disease in patients with biochemically recurrent disease. Ninety-nine patients with castration-

sensitive prostate cancer, without radiographic evidence of metastases and a PSA doubling time of less than 12 months,

were randomized to receive pTVG-HP and GM-CSF adjuvant or GM-CSF alone. The results did not show an overall

difference in 2-year metastasis-free survival between the two cohorts. However, a subset of patients with rapidly

progressing disease (as determined by rapid PSA doubling time) and treated with pTVG-HP were identified to have longer

metastasis-free survival (MFS). As an exploratory endpoint, sodium fluoride ( F-NaF) PET/CT was used to identify

micrometastatic bone disease in a subset of patients. Decreases in NaF uptake were observed in pTVG-HP-treated

individuals, compared with increases in the GM-CSF control group, suggesting that vaccination had detectable effects on

micrometastatic bone disease. Overall, however, the conclusion of this study was that, while this vaccine demonstrated

some antitumor efficacy in a subset of patients with rapidly progressing disease, it should not be further pursued as a

single agent because the study did not meet the primary endpoint of significantly increased 2-year metastasis-free

survival in patients treated with pTVG-HP. Thus, it was deemed that DNA vaccines best be evaluated in combination with

other vaccines or other immune-activating agents.

PSA is a classical biomarker for prostate cancer and is currently used as a measure of tumor response or progression.

Given the increased expression of PSA in the tumor during disease progression, it has been explored as a possible target

for DNA vaccines. In a phase 1 dose-escalation study, a plasmid encoding full-length PSA was given to patients with

advanced CRPC in monthly cycles for 5 months. The doses given were 100, 300, and 900 μg of DNA, with 90% of the

dose given intramuscularly and 10% of the dose given intradermally. Only the highest dose of 900 μg of DNA elicited

PSA-specific cellular and humoral antibody responses. No IL-10 was detected, however, other Th2 cytokines such as IL-4

and IL-6 were detected, suggesting that it is important to not only look at Th1 cytokines but also at potentially

immunosuppressive cytokines. To further improve immunogenicity of the PSA vaccine, researchers tested a DNA vaccine

encoding the Rhesus PSA gene, which was administered with electroporation to increase transfection of the antigen-

presenting cells. Fifteen patients were required to start androgen deprivation therapy before vaccination. Patients received

doses of plasmid ranging from 50 to 1600 μg. The DNA vaccine was administered intradermally, followed immediately by

electroporation. All patients except one had pre-existing PSA-specific T cells, the frequency of which was increased by

either androgen deprivation or by vaccination. However, only the two highest doses, 1000 and 1600 μg elicited immune

responses.

Prostate-specific membrane antigen (PSMA) has also been tested as a target antigen for vaccination. PSMA is highly

expressed in the epithelium in prostate adenocarcinoma , making it a promising target for vaccination. A DNA vaccine

encoding an HLA-A2 binding epitope of the PSMA gene fused to a fragment of the tetanus toxin was tested in a phase 1/2

dose escalation trial . Patients who were HLA-A2+ were recruited to receive vaccine with or without electroporation,

whereas a patient population who were HLA-A2− served as a negative control. Vaccinated patients had a significant

increase in PSA doubling time compared to unvaccinated patients, suggesting slower disease progression . In patients

that received the vaccine, PSMA-specific T cells were significantly increased postvaccination compared to baseline. A

more recent study (NCT02514213) examined the effect of INO-5150, a DNA vaccine consisting of plasmids encoding both

PSMA and PSA in patients with biochemically recurrent prostate cancer. Treatment was considered safe with no patients

experiencing serious treatment-related adverse events. A quarter of patients in the trial exhibited higher immune

responses compared to baseline, to either PSMA or PSA, as detected by IFN-γ ELISPOT or by flow cytometric analysis of

antigen-specific T cells.

The androgen receptor is expressed in the prostate and is important for prostate development, function and also plays a

role in cancer progression, with AR overexpression identified as a major mechanism of resistance in CRPC . A DNA

vaccine encoding the ligand-binding domain of the androgen receptor (pTVG-AR) was demonstrated to delay tumor

growth in several prostate cancer models . In a phase 1 clinical trial (NCT02411786), pTVG-AR was given to patients

with castration-sensitive prostate cancer, on two schedules and with or without the adjuvant GM-CSF. Vaccination was

demonstrated to be safe, and one schedule was demonstrated to elicit more AR-specific, interferon-γ (IFN-γ) producing T

cells compared to the other schedule. The addition of GM-CSF did not significantly boost AR-specific immunity.

Intriguingly, patients who developed cellular immune responses had significantly longer PSA progression-free survival

compared to patients who did not develop immune responses. Further evaluation of this vaccine in combination with other

agents is anticipated.
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These recent and ongoing studies demonstrate that DNA vaccines are safe, can elicit antigen-specific T-cells, and can

have other detectable antitumor effects. However, the direct antitumor effects as measured by changes in serum PSA or

objective responses have been underwhelming when these agents have been used as monotherapies. Consequently,

these approaches are currently being combined with other immunomodulatory therapies and conventional prostate cancer

treatments to determine if there might be synergies that could be exploited to further improve the immunogenicity of DNA

vaccines and augment the antitumor response. These approaches are depicted in Figure 1, and the mechanisms of action

and evidence supporting their combination with DNA vaccines are summarized in the following sections.

Figure 1. DNA vaccine combinations under evaluation as potential treatments for prostate cancer. With the goal of

augmenting the efficacy of DNA vaccines in controlling prostate tumor growth, this review explores DNA vaccine

combinations under investigation with current therapies for metastatic castration-resistant prostate cancer (mCRPC)

(androgen deprivation, chemotherapy, and radiation), as well as immunomodulatory agents (immune checkpoint

blockade, Toll-like receptors (TLR) ligands, and indoleamine 2,3 dioxygenase (IDO) inhibitors).

3. Androgen Deprivation Therapy

Androgen deprivation therapy (ADT) has been a cornerstone therapy for the treatment of recurrent and metastatic

prostate cancer. Early studies showed that androgen deprivation, either by surgical or chemical means, causes a

decrease in prostate size and induces tumor apoptosis . Androgen deprivation also affects the immune system in

various ways. Castration causes an increase in thymus size, whereas testosterone replacement after castration induces

thymic regression . Spleens from castrated C57Bl/6 mice have significantly more B cells and significantly fewer CD4+ T

cells . Androgen deprivation also causes increased T-cell infiltration into the prostate and prostate tumors. In rodent

studies, these infiltrating lymphocytes were initially of Th1 phenotype within the first 30 days after castration, but by 90

days after castration, the infiltrating lymphocytes had a Th17 phenotype . In human studies, tumor-infiltrating

lymphocytes consist of both effector CD8+ T cells and CD4+ T cells, including regulatory T cells (Treg) .

With these different immunomodulatory effects on the immune system, ADT may be logically combined with vaccine-

based therapies. In a phase 2 clinical trial assessing the sequencing of Sip-T and androgen deprivation in patients with

biochemically recurrent prostate cancer at high risk of metastasis, patients who received Sip-T followed by ADT had

increased IFN-γ responses to PA2024 (the PAP/GM-CSF fusion protein vaccine antigen) compared to patients treated

with ADT followed by Sip-T at the 6 week time point and increased PA2024-specific T cell proliferation averaged over all

time points . In another randomized trial comparing viral PROSTVAC vaccine to the AR antagonist nilutamide, in

patients with biochemically recurrent castration resistant prostate cancer, there was no significant difference in time to

treatment failure between the vaccine arm versus the nilutamide arm . However, upon PSA progression, patients were

offered the combination therapy, adding either PROSTVAC or nilutamide to their treatment regimen. Patients who

received PROSTVAC followed by nilutamide had a significantly longer median time to treatment failure of 13.9 months,

compared to patients who received nilutamide followed by PROSTVAC with a median time to treatment failure of 5.2

months . The same patients were followed-up 6 years later, and the trend held. Patients that received PROSTVAC first

followed by nilutamide had a median overall survival of 6.2 years, significantly longer than patients who received

nilutamide first followed by PROSTVAC who had a median overall survival of 3.7 years . A recent study examining

GVAX with the T-reg depleting agent cyclophosphamide followed by degarelix, showed that the triple combination resulted
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in significantly increased time to PSA progression and time to next treatment compared to degarelix alone . Treatment

with ADT resulted in CD8+ T cell infiltration into the tumor, however, also increased T-regs and likely immunosuppressive

myeloid cells .

Androgen deprivation therapy specifically in combination with DNA vaccines has been less explored. Preclinical studies in

mouse and rat models using the pTVG-AR DNA vaccine described earlier demonstrated significant antitumor activity

when androgen deprivation was combined with vaccination, likely due to increased expression of the androgen receptor

within prostate tumors following androgen deprivation. As discussed, this DNA vaccine was evaluated in a phase 1 clinical

trial in patients who had recently started ADT. Patients who developed immunity to AR were found to have a prolonged

time to castration resistance, consistent with prior rodent studies. Collectively, these data suggest that DNA vaccines

should be further explored in combination with androgen deprivation and that the type of androgen deprivation and

sequence with vaccination should be further studied.

4. Chemotherapy

Chemotherapy is an overarching term for any cytotoxic drug that targets rapidly dividing cells, including cancer cells. For

many years, chemotherapy was the only option for patients with progressive mCRPC. Docetaxel is still considered a first

line of treatment for mCRPC, offering a 2–3 months median survival advantage compared to mitoxantrone . A second-

generation cytotoxic chemotherapy, cabazitaxel, demonstrated a 2.4-months increase in median survival for patients

previously treated with docetaxel, and was approved for patients with mCRPC . Although the survival advantage with

chemotherapy is limited for patients with castration-resistant disease, it has been shown to be effective in pain

management and improving patient quality of life.

Investigators have long thought that chemotherapy and anticancer vaccines were incompatible due to the

immunosuppressive effects of chemotherapy drugs. However, mounting evidence suggests this might not be the case .

A preclinical study examining the effects of docetaxel and a poxviral vaccine encoding the self-antigen carcinoembryonic

antigen (CEA) in tumor-bearing mice demonstrated that when docetaxel was administered after the vaccine, there was an

increased antitumor effect compared to vaccine alone . In a phase 2 clinical trial that assessed whether docetaxel

concurrently administered with PROSTVAC could elicit an immune response, there was no observed decrease in T cell

responses to PSA in the docetaxel/vaccine group compared to vaccine alone, suggesting chemotherapy did not impair

immune responses to vaccine . A randomized multicenter phase 2 trial to evaluate PROSTVAC prior to docetaxel

chemotherapy, versus docetaxel chemotherapy alone, was planned to evaluate whether vaccine could improve the overall

survival from chemotherapy alone. Unfortunately, this trial was stopped early without meeting its accrual goal . In

another small phase 2 clinical trial, high-risk patients with localized disease were treated with neoadjuvant docetaxel and

GVAX, followed by radical prostatectomy . Six patients completed the treatment regimen. No serious drug-related

adverse events were observed and the median change in prostate-specific antigen (PSA) was minor but decreasing. Of

the five patients who completed prostatectomy, four had a down-staging of their Gleason score. Undetectable PSA was

achieved in three patients at 2 months after prostatectomy and in two patients at 3 years after prostatectomy,

demonstrating that chemoimmuno therapy combinations can result in durable responses possibly due to the disruption of

the immunosuppressive microenvironment. Two phase 3 trials examining the combination of docetaxel with GVAX were

terminated prematurely due to increased death in the combination arm . Such findings reinforce the need for basic

scientific research into the mechanisms of potential interactions and importance of sequence when combining therapies.

To our knowledge, the specific combination of chemotherapy with DNA vaccines has not yet been explored in prostate

cancer or indeed, in any type of cancer.
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