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ABSTRACT
We have previously reported two single-agent phase I trials, evaluating the dose or schedule, of a DNA 
vaccine (pTVG-HP) encoding prostatic acid phosphatase (PAP) administered with GM-CSF as the adjuvant. 
These were in patients with PSA-recurrent, radiographically non-metastatic, prostate cancer (PCa). We 
report here the long-term safety and overall survival of these patients. Specifically, 22 patients with non- 
metastatic, castration-sensitive PCa (nmCSPC) were treated with pTVG-HP, 100–1500 µg, administered 
over 12 weeks and followed for 15 y. 17 patients with non-metastatic castration-resistant PCa (nmCRPC) 
were treated with 100 µg pTVG-HP with different schedules of administration over 1 y and followed for 5  
y. No adverse events were detected in long-term follow-up from either trial that were deemed possibly 
related to vaccination. Patients with nmCSPC had a median overall survival of 12.3 y, with 5/22 (23%) alive 
at 15 y. 8/22 (36%) died due to prostate cancer with a median survival of 11.0 y, and 9/22 (41%) died of 
other causes. Patients with nmCRPC had a median overall survival of 4.5 y, with 8/17 (47%) alive at 5 y. The 
presence of T-cells specific for the PAP target antigen was detectable in 6/10 (60%) individuals with 
nmCSPC, and 3/5 (60%) individuals with nmCRPC, many years after immunization. The detection of 
immune responses to the vaccine target years after immunization suggests durable immunity can be 
elicited in patients using a DNA vaccine encoding a tumor-associated antigen.
Trial Registration: NCT00582140 and NCT00849121
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Introduction

Surgery and/or radiation therapy are used to treat localized pros
tate cancer. Notwithstanding, approximately one third of patients 
will have recurrence after these primary therapies.1 This is first 
detected as a rise in serum prostate-specific antigen (PSA), which 
historically was described as M0 (non-metastatic, castration- 
sensitive; nmCSPC) prostate cancer, as there was no radiographic 
evidence of metastases seen by conventional CT or bone scan 
imaging. The median time to the development of radiographically 
detectable metastases is 8 y for patients with this stage of disease.2 

Androgen deprivation can be used in this setting; however, many 
patients are keen to avoid the treatment-related adverse effects of 
androgen deprivation and elect to wait until the disease is radio
graphically detectable. Patients who elect early androgen depriva
tion for nmCSPC eventually develop castration-resistant disease 
with subsequent rise in serum PSA. If repeat imaging is negative, 
this is termed non-metastatic castration-resistant prostate cancer 
(nmCRPC). In this stage of disease, the median time to the 
development of radiographic metastases is 30 months, and the 
median time to death is 37.6 months.3,4 For both nmCSPC and 
nmCRPC, it has been reported that the rate of PSA rise is asso
ciated with time to metastases and overall survival.3,5

The setting of PSA-recurrent prostate cancer (nmCSPC and 
nmCRPC) has been considered ideal for evaluating anti-cancer 

vaccines as it has been believed that these treatments might 
slow tumor growth or have a delayed onset of action, unlike 
traditional cytotoxic therapies.6 Moreover, non-hormonal 
therapies that modulate the rate of rise of PSA have been 
demonstrated to affect the time to metastasis, at least in 
patients with nmCSPC.7 Thus, the impact of these treatments 
on the rate of PSA rise might be used as a biomarker for their 
effect on disease progression and overall survival. Several dif
ferent types of vaccines have been evaluated in PSA-recurrent 
prostate cancer, as we have previously reviewed.8 These have 
included early phase clinical trials using carbohydrate vac
cines, peptide vaccines, poxviral vaccines, and plasmid DNA 
vaccines, each of which have demonstrated positive effects by 
slowing the rate of PSA rise.9–12 The largest vaccine trial 
conducted in patients with nmCSPC was a randomized phase 
II trial using a plasmid DNA vaccine encoding prostatic acid 
phosphatase (PAP, pTVG-HP). By encoding this prostate tis
sue-specific antigen, the goal of using this plasmid DNA vac
cine was to elicit PAP-specific CD8 T cells with the capacity of 
lysing prostate tumor cells expressing PAP.13,14 That trial 
randomized 99 patients with rapidly rising PSA and 
nmCSPC to receive vaccine and GM-CSF as the vaccine adju
vant versus GM-CSF alone.15 While immune responses to PAP 
were elicited with treatment, that trial failed to demonstrate 
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a difference in time to metastatic disease progression.15 As 
a result, more recent trials in this population have used vac
cines in combination with other immune-modulating thera
pies, including the immune checkpoint blockade.16,17 A small 
trial conducted in patients with nmCSPC using pTVG-HP in 
combination with nivolumab demonstrated more marked 
decreases in the rate of PSA rise.16 Further studies with this 
combination approach are underway.

We have previously reported the results from two phase 1 
trials using the pTVG-HP DNA vaccine delivered intrader
mally as a monotherapy with GM-CSF given as an adjuvant 
A dose-escalation phase 1 trial was first conducted in patients 
with nmCSPC (NCT00582140). Because this was an early first- 
in-human trial administering recombinant DNA to patients, 
FDA requested 15 y of follow up to evaluate for possible late 
complications. In addition, we conducted a phase I trial eval
uating different schedules of administration with a fixed vac
cine dose in patients with nmCRPC (NCT00849121). For that 
trial, patients were followed for 5 y for late complications. 
Blood was collected where feasible from multiple subjects 
several years after completing these trials and used to evaluate 
for immune response to the PAP target antigen. We report 
here the long-term safety data, overall survival, and long-term 
immune response data from these two trials.

Materials and methods

Study agent and regulatory information

pTVG-HP (a.k.a. MVI-816, Madison Vaccines, Inc., Madison, 
WI) is a plasmid DNA encoding the full-length human PAP 
cDNA.14 The trial protocols were reviewed and approved by all 
local and federal regulatory entities. All patients gave written 
informed IRB-approved consent for participation in the original 
trials. Where feasible, patients who remained in long-term follow- 
up also subsequently gave separate written informed IRB- 
approved consent for collection of blood for immune monitoring.

Patient populations and treatment

For the nmCSPC trial (NCT00582140), eligible subjects 
were male patients with a histological diagnosis of adeno
carcinoma of the prostate and biochemical (serum PSA) 
recurrence after definitive surgery and/or radiation therapy, 
provided there was no evidence of the suspected lymph 
node, bone, or visceral metastatic disease on bone scan or 
CT scan prior to study entry. This was conducted as 
a standard “3 + 3” dose escalation trial with three planned 
dose cohorts of 100 µg, 500 µg, or 1500 µg administered 6 
times at 2-week intervals. Three patients were enrolled at 
each dose level, and in the absence of significant adverse 
events, an additional 13 patients were enrolled in the high
est 1500 µg dose cohort to more fully assess safety and 
immunogenicity. Thus, 22 patients were treated in this 
trial between 2005 and 2007. The original inclusion criteria 
required that patients have a Karnofsky performance score 
of >70 and normal bone marrow, liver, and renal function 
blood tests. Patients were excluded if they had been treated 
with immunosuppressive therapy, including chemotherapy, 

corticosteroids, or extensive radiation therapy, within six 
months of study entry, or were on concurrent medications 
with possible anti-cancer effects. There was no requirement 
for a pre-treatment PSA doubling time to be within 
a specific range; however, PSA values were required to be 
>2 ng/mL by two measurements at least two weeks apart. 
A minimum of 4 pre-treatment PSA values collected over 
2–10 months prior to treatment were available and used to 
determine pre-treatment PSA doubling times.12,18 As 
shown in Figure 1, these individuals received pTVG-HP 
six times at biweekly intervals over a period of 12 weeks. 
Vaccinations were at doses of 100 µg (3 patients), 500 µg (3 
patients), or 1500 µg (16 patients) and were delivered intra
dermally with 250 µg recombinant human GM-CSF 
(Sargramostim, Berlex Oncology).

For the nmCRPC trial (NCT00849121), eligible subjects 
were male patients with a histological diagnosis of pros
tate adenocarcinoma of the prostate and PSA recurrence 
following castration (surgical or ongoing luteinizing hor
mone-releasing hormone agonist therapy), with documen
tation of castrate levels of serum testosterone (<50 ng/mL) 
prior to treatment, provided there was no evidence of 
suspected lymph node, bone, or visceral metastatic disease 
on bone scans or CT scans. Patients were treated with 
100 µg pTVG-HP six times at 2-week intervals and then 
either received booster immunizations every 3 months or 
continued with vaccination every 2 weeks until there was 
evidence of immune response to the vaccine target antigen 
identified by ELISPOT immune monitoring.19 30 patients 
were planned for enrollment to detect a difference of at 
least 50% in the immune response rates between the two 
arms with at least 80% power at the 2-sided 0.05 signifi
cance level. The trial was conducted between 2009 and 
2012, and stopped early after 17 patients due to slow 
accrual.19 All patients had to have been previously treated 
with a first-generation anti-androgen (e.g., flutamide or 
bicalutamide), but with rising PSA on treatment and per
sistent rise in PSA after withdrawal. Patients were 
required to have an Eastern Cooperative Oncology 
Group performance score of <2 and normal bone marrow, 
liver, and renal function blood tests. Patients were 
excluded if they had been treated with immunosuppres
sive therapy (chemotherapy, corticosteroids, or extensive 
radiation therapy) within six months of study entry, or 
were on concurrent medications with possible anti-cancer 
effects. Patients were further excluded if they had 
a history of HIV, hepatitis B, or hepatitis C infection, or 
if they had received a prior anti-cancer vaccine. While 
a specific pre-treatment PSA doubling time was not 
required, patients were required to have at least four 
serum PSA values from the same clinical laboratory, 
over a 3- to 6-month period of time and immediately 
prior to entry, to calculate a pre-treatment PSA DT. The 
final PSA was required to be >2.0 ng/mL. As shown in 
Figure 1, patients received vaccinations with pTVG-HP 
(100 µg) and concurrent GM-CSF adjuvant (250 µg) intra
dermally 6 times at two-week intervals, and then either 
quarterly or with individualized schedules as determined 
by immune monitoring, for up to 1 y.
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Long-term follow up procedures

22 patients were treated in NCT00582140 and followed for 1 y 
with immune monitoring. These patients were then contacted 
annually in person or by telephone for 15 y (Figure 1). The 
information collected included the date of contact, current 
medications, hospitalizations, current stage and treatment for 
prostate cancer, most recent serum PSA level, new important 
medical diagnoses (including cancer, autoimmune disorders, 
hematologic disorders, or neurologic disorders), and date of 
death if the patient was deceased. 17 patients were treated in 
NCT00849121 over the course of 12 months. These patients 
were then contacted annually in person or by telephone for 5 y 
with the same information collected (Figure 1). Possible attri
bution of late events to the vaccine treatment were all reviewed 
by an independent physician study monitor.

Immunological response evaluation

Peripheral blood samples were collected from individual sub
jects as per the original study (immediately pre-treatment, 
post-treatment and 1 y after treatment) and at various times 
years after treatment. T-cell immune response to the PAP 
target antigen was analyzed using IFNγ ELISPOT with cryo
preserved peripheral blood mononuclear cells (PBMCs) as 
previously described.15,16 Test antigens included media alone 
(negative control), a pool of peptides derived from viral anti
gens (CEF, positive control), a pool of 15-mer peptides span
ning the amino acid sequence of PAP, or phytohemagglutinin 

(PHA, positive control).15,20 Cryopreserved samples from dif
ferent timepoints from an individual subject were all assessed 
at the same time in 4-well replicates. Immune response to PAP 
was assessed as the number of IFNγ spot-forming units (sfu) 
following PAP stimulation, subtracting the contribution of sfu 
from media alone. Comparisons of test antigens to media 
alone controls were conducted using a paired t-test. An 
immune response was defined as a significant difference at 
the two-sided 0.05 significance level, after applying the 
Benjamini–Hochberg False Discovery Rate (FDR) adjustment 
procedure.

Statistical analysis

Categorical clinical outcomes were summarized in terms of 
frequencies and percentages. Time to event outcomes, includ
ing the time to death and time to development of metastases, 
were analyzed using the Kaplan–Meier method and summar
ized in terms of medians and corresponding two-sided 95% 
confidence intervals (CIs). Time to death was defined as the 
date from the start of the pTVG-HP treatment (day 1) to the 
time of documented death. Survival times were censored for 
patients alive at the end of the follow-up period. Time to the 
development of metastases was defined as the date from the 
start of the pTVG-HP treatment (day 1) to the earliest date of 
documented metastases, or the last date of follow-up if no 
development of metastases was documented (censored). 
Durations of treatment periods were summarized in terms of 
medians. The pre-treatment PSA doubling time was calculated 

Figure 1. Schemas. Shown are the original trial schemas and long-term follow-up. In the nmCSPC trial, 6 vaccinations were delivered every 2 weeks over a 3-month 
vaccination course, and patients were then monitored for immune responses over an additional 12 months.12 In the nmCRPC trial, 6 vaccinations were delivered every 
2 weeks over a 3-month vaccination course, and then, patients received either fixed booster immunizations every 3 months for 1 y total, or received vaccinations 
continuing every 2 weeks until evidence of immune response, with the schedule of immunization effectively being determined by immune monitoring.19 Cryopreserved 
blood samples for immune analysis were available pre-treatment, at the end of the treatment period, and at later time points during long-term follow-up.
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for each patient as the logarithm of 2 divided by the slope of 
a linear regression of the log(PSA) over time (months). 
Clinical outcomes and treatment periods were summarized 
for each patient in graphical format using swimmer plots. 
Statistical analyses were conducted using SAS software (SAS 
Institute, Cary NC) version 9.4 and R software version 4.2.2 
(https://www.R-project.org/).

Results

Long-term outcomes

22 patients with nmCSPC treated in NCT00582140 were fol
lowed for 15 y, although one patient declined further follow up 
after 11 y. At the end of this period, 5/22 (23%) patients were 
alive. 8/22 (36%) died due to prostate cancer, and 9/22 (41%) 
died from other causes. 16 (73%) patients developed metas
tases, and the median time to the development of metastases 
was 8.2 (95% CI: 4.1–11.5) y. The median time to death due to 
any cause was 12.3 (95% CI: 11.2–15.9) y. 12 patients began 
androgen deprivation therapy due to rising PSA, with 
a median time to the start of androgen deprivation of 2.7 y. 
For these patients, the median time to the development of 

metastases was 6.4 y. Overall, the median time from the devel
opment of metastases to death was 5.7 y. The median time on 
androgen deprivation before beginning another therapy was 
6.4 y, and the median time from any therapy following andro
gen deprivation to death was 3.1 y. These clinical courses are 
summarized in Figure 2, ordered by the individual subject’s 
pre-treatment PSA doubling time. From this, it can be 
observed that most patients who died of prostate cancer were 
those with rapid PSA doubling times prior to original 
treatment.

In terms of long-term adverse events, one patient was 
diagnosed with non-small cell lung cancer 3 y after treatment 
and Waldenstrom macroglobulinemia 8 y after treatment. One 
subject was diagnosed with squamous cell cancer of mediast
inal lymph nodes 6 y after treatment, and another was diag
nosed with melanoma 11 y after treatment. One patient 
developed autoimmune hepatitis 4 y after treatment. Two 
patients experienced transient ischemic attacks 9 and 13 y 
after treatment, and another patient experienced a cerebral 
vascular accident (CVA) 3 y after treatment. There were other
wise no other malignancies, autoimmune events, or other 
major medical events, and none of these events were deemed 
possibly related to treatment.

Figure 2. Long-term follow up of patients with nmCSPC (NCT00582140). Patients were followed for 15 y for significant medical events. Shown are the times at which 
patients developed documented metastatic disease (■), started androgen deprivation therapy (red), started a second generation AR targeted therapy (brown), or 
started docetaxel (blue). The time of death due to prostate cancer (●) or other cause (▲) is also shown. Subjects are ordered with respect to the pre-treatment PSA 
doubling time.

4 T. P. TONELLI ET AL.

https://www.R-project.org/


17 patients with nmCRPC treated in NCT00849121 were 
followed for 5 y after discontinuing treatment. 8/17 (47%) 
were alive at 5 y, and the median time to death was 4.5 
(95% CI: 2.4–6.4) y. The median time to the development 
of metastases was 1.4 (95% CI: 0.9–2.6) y, and the median 
time to next treatment was 2.1 y. 14/17 (82%) patients 
received subsequent treatment with a second-generation 
AR pathway signaling inhibitor (ARSI), 12 of which were 
at or after the time of detection of metastatic disease. The 
median duration of ARSI therapy was 1.7 y. 8/17 (47%) 
patients received subsequent taxane chemotherapy with 
a median duration of 0.8 y until next therapy or death. 
16/17 (94%) patients died in longer term follow-up. 14/16 
deaths were due to prostate cancer while 2/16 deaths were 
due to other causes. The median time from the develop
ment of metastases to death was 2.4 y, and the median time 
from any subsequent therapy to death was 2.5 y. These 
clinical courses are summarized in Figure 3, ordered by 
the individual subject’s pre-treatment PSA doubling time. 
In terms of adverse events, one patient developed esopha
geal cancer 5 y after treatment. One patient experienced 
myocardial infarction and CVA within 1 y of treatment, 
and another developed bronchial edema of unknown 

etiology 1 y after treatment. There were otherwise no 
malignancies, autoimmune events, or other major medical 
events in the 5 y of follow up. None of these events were 
deemed possibly related to treatment.

Immunological response

PBMC samples were available from 10/22 patients at various time 
points several years after original treatment for nmCSPC. 
Similarly, PBMCs were available from 5/17 patients at various 
times at least one year after original treatment for nmCRPC. 
ELISPOT was used to evaluate T-cell immunity to the PAP 
vaccine target antigen at the time of original treatment and at 
these long-term time points. As shown in Figure 4 (and individual 
patients in Supplemental Figure S1), PAP-specific IFNγ-secreting 
T cells were detected in 2/10 (20%) patients pre-treatment, but in 
6/10 (60%) of patients with nmCSPC 3–15 y after original treat
ment and in 3/5 (60%) of patients with nmCRPC 1–5 y after 
original treatment. Four patients with nmCSPC (patients 1, 9, 
18, and 22) had no PAP-specific immune response pre-treatment 
and significant responses to PAP at every post-treatment time 
point over many years (Supplemental Figure S1).

Figure 3. Long-term follow up of patients with nmCRPC (NCT00849121). Patients were followed for 5 y for significant medical events. Shown are the times at which 
patients developed documented metastatic disease (■), started ARSI treatment (brown), or started docetaxel (blue). Time of death due to prostate cancer (●) or other 
cause (▲) is also shown. Subjects are ordered with respect to the pre-treatment PSA doubling time.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5



Discussion

We report the long-term follow-up of patients with prostate 
cancer treated with a DNA vaccine encoding PAP (pTVG-HP) 
for non-metastatic recurrent prostate cancer. At the time the 
first trial was initiated in 2005, there had been relatively little 
experience administering recombinant DNA vaccines to 
human patients. As such, FDA requested 15 y of long-term 
follow-up for potential late complications. While the total 

sample size was relatively small, no long-term safety concerns 
emerged. The median overall survival was 12.3 y, and the 
prostate cancer-specific survival was over 15 y, consistent 
with this early stage of disease. Of note, while the median 
time to metastatic disease was 8.2 y, this time was 6.8 y in the 
subset of 15 patients with a pre-treatment PSA doubling time 
of less than 12 months. This is longer than expected based on 
published reports of the natural history of prostate cancer in 

Figure 4. Long-term T cell immune response to PAP target antigen detectable after immunization. PBMCs from patients with nmCSPC (n = 10, panel A) or nmCRPC (n = 5, 
panel B) obtained within days pre-treatment, at the end of the vaccination period, and at late time points years later were evaluated by ELISPOT for IFNγ release in response 
to PAP antigen stimulation. pap-specific spot-forming units (sfu) shown are the mean among 6 replicates, and subtracted for contribution from media alone. Circles 
indicate non-significant difference from media alone control, and star shapes represent those significantly different from media alone. Colors correspond to individual 
subjects.
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this population;5,21 however, it should be noted that most 
patients began androgen deprivation prior to the develop
ment of metastases, which certainly prolonged this metasta
sis-free interval. Similarly, patients with nmCRPC had 
a median overall survival of 4.5 y and 1.4 y median time to 
metastases. This was as long or longer than expected, given 
the natural history of this stage of disease from what has been 
previously published, in particular given that this population 
had rapidly progressive disease with a short pre-treatment 
PSA doubling time.3,4 Again, no long-term safety signals 
emerged in this population either. A major limitation of our 
study, however, was that these were both very small trials 
conducted at a single center. Larger trials will be necessary to 
assess safety and long-term efficacy in more diverse patient 
populations.

We subsequently conducted a randomized phase 2 trial 
using pTVG-HP with GM-CSF adjuvant versus GM-CSF adju
vant alone in patients with nmCSPC (NCT01341652), 
designed to determine whether vaccination increased the 
time to metastatic disease progression.15 In that trial, there 
was no overall difference in time to metastases detected. This 
is consistent with what has been observed with other vaccine 
trials for prostate cancer, notably trials using PROSTVAC or 
Sipuleucel-T.22,23 Studies with other vaccines have suggested 
that they might favorably impact the treatment effect of sub
sequent therapies. For example, in an early phase trial of 
patients with non-small cell lung cancer, 62% of patients had 
greater than expected objective response to salvage chemother
apy initiated after vaccine treatments.24 Similarly, patients who 
received sipuleucel-T prior to docetaxel demonstrated a longer 
survival compared to patients receiving placebo prior to doc
etaxel (p = .023).25 Furthermore, in another trial of 34 patients 
with mCRPC who were treated with the whole tumor-cell 
vaccine GVAX, 13 patients went on to receive a taxane-based 
chemotherapy after receiving vaccine. These individuals had 
a mean overall survival of 35.2 months vs. 17.2 months for 
those who did not receive chemotherapy.26 In the current 
small trials, we did observe that patients with nmCSPC were 
on androgen deprivation for a median of 6.5 y, and for those 
that began another therapy subsequently, the median time to 
death was 4.8 y. This was longer, albeit not significantly, than 
what was observed in patients with nmCRPC in whom the 
median time from subsequent therapy to death was 2.5 y. This 
observation suggests that immunization early in the course of 
disease, prior to the use of androgen deprivation, may be 
preferred, as has been suggested by studies in murine 
models27 and other human trials.28,29 The potential impact 
on the benefit from subsequent therapies could explain why 
survival may be a better endpoint for vaccine therapies. We 
will consequently plan to determine whether patients who 
received pTVG-HP for nmCSPC in the randomized phase 2 
trial15 experienced a longer survival than patients who received 
adjuvant alone.

There has been very little information about the durability 
of T cell immunity to cancer vaccine antigens. While the 
current study was small and samples were only collected 
where feasible, we found that vaccine antigen-specific T cells 

were detectable in the majority of individuals and could be 
identified many years later. These responses were low in fre
quency, in the range of 10–300 per 100,000 T cells, frequencies 
lower than those typically detected to foreign viral antigens, 
but at similar frequencies as were detected shortly after vacci
nation. In general, most cancer vaccines studies have failed to 
show that immune response detected shortly after vaccination 
predicts longer time to progression or survival. However, it is 
conceivable that persistent immunity may be a better measure 
of effective vaccination, and more associated with the clinical 
outcome than short-term immunity, suggesting it should be 
implemented in the evaluation of anti-tumor vaccines. The 
number of samples for immune analysis in the current studies 
was too small to make these associations with clinical outcome. 
Notwithstanding, immune response to the vaccination target 
antigen does demonstrate biological activity of the vaccine, 
and the findings here suggest that the method of vaccination, 
using plasmid DNA, was able to elicit long-term T cell immu
nity in humans. Other methods of immunization, such as viral 
or mRNA vaccines, have been generally favored over DNA 
vaccines given the modest magnitude of immune response 
observed following DNA immunization. However, it is con
ceivable that the durability of response could be different for 
different types of vaccine approaches, and this could have 
treatment advantages. Given the ease of preparation and low 
cost of DNA vaccines relative to protein, viral, or mRNA 
vaccines, it will be of interest in future studies to determine 
whether DNA provides an advantage in terms of durability of 
immune response, and long-term clinical benefit, in humans. 
This may be most discernable following vaccination for 
COVID-19, since viral, mRNA, and DNA vaccines have all 
been approved targeting the same COVID-19 antigen.

In general, anti-cancer vaccines have shown only modest 
clinical activity when used as monotherapies. Despite the 
approval of sipuleucel-T based on improved survival 
observed in a phase 3 trial,23 other phase 3 trials in patients 
with advanced prostate cancer using poxviral vaccines, 
a multi-peptide vaccine, a GM-CSF-expressing allogeneic 
cellular vaccine, or a dendritic cell vaccine, failed to 
demonstrate improved survival when these treatments 
were used as monotherapies.30–33 We have demonstrated 
that CD8 T cells activated by vaccination express multiple 
immune checkpoint receptors, including PD-1.34 Blockade 
of these immune checkpoint receptors at the time of vac
cination using DNA vaccines led to improved anti-tumor 
responses in murine models.34–37 We have also demon
strated that PD-1 blockade, when used with pTVG-HP 
administration, can lead to PSA declines and objective 
decreases in prostate tumor volume in patients with recur
rent and advanced prostate cancer.16,20,38 Consequently, it 
is likely that the best use of anti-tumor vaccines such as 
pTVG-HP will be in combination with other immune 
modulating agents, including PD-1 blockade. The ability 
of vaccines to activate and expand antigen-specific subsets 
of T cells makes them particularly well poised to be used as 
parts of combination approaches where it may be desirable 
to more specifically activate tumor-specific T cells. The 
long-term outcome of these combination approaches and 
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specifically whether pTVG-HP combined with PD-1 block
ade can lead to greater overall survival are the objectives of 
ongoing and planned clinical trials.
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