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ABSTRACT

Purpose We have previously reported that a plasmid DNA
vaccine encoding prostatic acid phosphatase (pTVG-HP)
had greater clinical activity when given in combination
with pembrolizumab to patients with metastatic,
castration-resistant prostate cancer. The current trial was
conducted to evaluate vaccination with PD-1 blockade,
using nivolumab, in patients with early, recurrent (MO)
prostate cancer.

Methods Patients with MO prostate cancer were treated
with pTVG-HP (100 pg administered intradermally) and
nivolumab (240 mg intravenous infusion) every 2 weeks
for 3 months, and then every 4 weeks for 1year of total
treatment. Patients were then followed for an additional
year off treatment. The primary objectives were safety
and complete prostate-specific antigen (PSA) response
(PSA<0.2 ng/mL).

Results 19 patients were enrolled. No patients met the
primary endpoint of complete PSA response; however,
4/19 (21%) patients had a PSA decline >50%. Median
PSA doubling times were 5.9 months pretreatment, 25.6
months on-treatment (p=0.001), and 9.0 months in

the subsequent year off-treatment. The overall median
radiographic progression-free survival was not reached.
Grade 3 or 4 events included adrenal insufficiency, fatigue,
lymphopenia, and increased amylase/lipase. 9/19 (47%)
patients developed immune-related adverse effects (irAE).
The development of irAE and increased CXCL9 were
associated with increased PSA doubling time. Quantitative
NaF PET/CT imaging showed the resolution of subclinical
lesions along with the development of new lesions at each
time point.

Conclusions In this population, combining nivolumab
with pTVG-HP vaccination was safe, and immunologically
active, prolonged the time to disease progression, but did
not eradicate disease. Quantitative imaging suggested that
additional treatments targeting mechanisms of resistance
may be required to eliminate tumors.

Trial registration number NCT03600350.

INTRODUCTION

Surgery and/or radiation therapy can
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= A DNA vaccine encoding prostatic acid phosphatase
(pTVG-HP) has been previously evaluated in pa-
tients with prostate-specific antigen (PSA)-recurrent
(stage MO) prostate cancer and did not prolong time
to disease progression when used as a monothera-
py. When this vaccine was given in combination with
PD-1 blockade; however, PSA declines and objec-
tive tumor responses were observed in patients with
metastatic castration-resistant prostate cancer.

WHAT THIS STUDY ADDS

= In this trial, pTVG-HP was given in combination with
nivolumab to patients with MO prostate cancer, and,
while no patients experienced a complete PSA re-
sponse, most patients experienced stable disease
as reflected by profound changes in PSA doubling
time; few patients had progression over 1year of
treatment and 1year of follow-up off treatment.
Quantitative imaging demonstrated response in
some lesions but the development of new lesions
over time.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Future studies will evaluate whether targeting re-
sistant lesions with radiation therapy, or by addition
of agents that block additional mechanisms of re-
sistance, can improve the therapeutic effect of this
regimen.

of patients have a recurrence of prostate
cancer after these local therapies." This is first
detectable as a rise in serum prostate-specific
antigen (PSA), which occurs with a median
of 8 years prior to detection by standard CT
or bone scintigraphy imaging, termed MO
prostate cancer.” While androgen depriva-
tion can be used in this stage of disease, many
patients are keen to avoid the treatment-

Dr Douglas G McNeel; be curative for localized prostate cancer. related adverse effects of androgen depri-
dm3@medicine.wisc.edu Notwithstanding, approximately one-third vation. There is currently much interest in
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using newer imaging methods, such as prostate-specific
membrane antigen (PSMA) PET/CT, to identify metas-
tases not visible by standard imaging, to enable directed
radiotherapy to recurrent lesions. A randomized phase 2
trial evaluated patients in this population for stereotactic
ablation of lesions detectable by PSMA PET, versus obser-
vation, and found that treatment could delay the progres-
sion of disease.” However, therapies that might eradicate
the disease at this early stage, or further delay disease
progression and the need for androgen deprivation, are
highly desirable.

We have previously evaluated a tumor vaccine, using
a plasmid DNA encoding prostatic acid phosphatase
(PAP, pTVG-HP, aka MVI-816) in patients with castration-
sensitive and castration-resistant M0 prostate cancer.
Phase I trials of dose or schedule demonstrated that this
approach was safe, and suggested that treatment might
slow the growth of prostate cancer as determined by
changes in PSA doubling time.*® A randomized phase 2
trial, however, evaluating this vaccine as a monotherapy
versus control, showed that while there was evidence
of biological activity as measured by immune response
to the target antigen and changes in individual lesions
detected by NaF PET/CT imaging, there was no signifi-
cant increase in time to metastatic progression.6 However,
a trial using this vaccine in combination with pembroli-
zumab in patients with metastatic, castration-resistant
prostate cancer demonstrated objective responses in
terms of decreases in tumor volumes and serum PSA
with 32% of patients remaining on trial beyond 6 months
without progression.”® The combination of vaccine and
PD-1 blockade was found to increase the infiltration of
tumors by CD8+T cells and increase PD-L1 expression
within tumor compared with vaccine alone.? In addition,
the combination was found to lead to increased serum
cytokines and chemokines associated with T-cell activa-
tion (eg, IFNo, IFNy, and IL-12) and T-cell recruitment
(eg, CXCL9 and CXCL10).”

The findings from this latter trial suggested that the
combination of antitumor vaccination and PD-1 blockade
might have greater therapeutic efficacy if employed in
an earlier stage of disease, prior to the development of
large metastatic disease that might have multiple mech-
anisms of immune resistance. Consequently, the current
trial was designed to evaluate pTVG-HP in combination
with PD-1 blockade in patients with castration-sensitive
MO prostate cancer who had previously undergone pros-
tatectomy. The primary endpoints were safety and PSA
complete response rate (serum PSA<0.2ng/mL). The
rationale for restricting it to patients who underwent
prostatectomy, rather than including patients who had
undergone primary radiation therapy, was to be able to
best interpret a complete PSA response since patients
receiving primary radiation therapy can have a detect-
able PSA from remaining normal prostate tissue despite
having eradication of metastatic prostate cancer. In addi-
tion, we reasoned that the native prostate could have
other mechanisms of immune regulation that could

potentially impair a systemic immune response to other
prostate cancer cells. Patients with rising serum PSA were
treated for up to lyear with pTVG-HP and nivolumab,
and then followed for 1-year off-treatment, to determine
if treatment elicited prolonged disease control. The study
was designed using a Simon-optimal two-stage design in
which 21 patients were to be treated in the first stage,
with expansion to 41 patients total if >1PSA complete
responses were observed.

MATERIALS AND METHODS

Study agent and regulatory information

pITVG-HP (a.k.a. MVI-816, Madison Vaccines, Madison,
Wisconsin, USA) is a plasmid DNA encoding the full-
length human PAP cDNA.” The trial protocol was
reviewed and approved by all local and federal regulatory
entities. All patients gave written informed IRB-approved
consent for participation.

Patient population

Eligible subjects were those with a histological diagnosis of
prostate adenocarcinoma who had previously undergone
prostatectomy and who then had subsequent castration-
sensitive PSA recurrence (stage M0), and without evidence
of metastatic disease by conventional imaging (CT scans
and bone scintigraphy). Patients were initially required
to have a PSA doubling time of <12 months. Patients were
not excluded for having received prior androgen depri-
vation administered with radiation therapy or at the time
of prostatectomy, but androgen deprivation treatment
for more than 24 months was prohibited, and patients
were required to have a normal serum testosterone level
(>50ng/dL) at screening. CT scans and bone scintig-
raphy were used to determine eligibility and progression;
evidence of metastatic disease by PET imaging was not
used for eligibility or treatment response assessment.
Patients were required to have an ECOG performance
score of <2, and normal bone marrow, liver, and renal
function.

Study design and procedures

Enrolled patients were treated with 100pg pTVG-HP
(MVI-816) administered intradermally every 2weeks for
six vaccinations, and then every 4 weeks for nine vacci-
nations, to complete lyear of treatment. Nivolumab
(240 mg administered intravenously) was given on the
same day after each vaccination (figure 1). Patients were
evaluated every 4 weeks with serum PSA, serum PAP, and
safety labs. These labs included CBC, creatinine, elec-
trolytes, glucose, bilirubin, ALT, AST, alkaline phospha-
tase, amylase, LDH, and TSH. All toxicities were graded
according to the NCI Common Terminology Criteria
Grading System, V.5. CT scans of the abdomen and pelvis
and bone scans were performed every 6 months or as clin-
ically indicated. No adjuvant was given with the vaccine
for the first two immunizations. For each individual
subject, if the PSA at week 4 was higher than at baseline,
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Figure 1 Schema. Shown is the trial schema. pTVG-HP, plasmid DNA encoding prostatic acid phosphatase. PET/CT, positron

emission tomography / computed tomography scan.

200 pg granulocyte-macrophage colony-stimulating factor
(GM-CSF, Sargramostim, Berlex Laboratories, Mont-
ville, New Jersey, USA) was coadministered intradermally
with the vaccine at that visit and for all subsequent visits.
There were no dose reductions permitted, and treatment
was held if a patient developed >grade 3 toxicity. If the
toxicity was attributed to nivolumab and not a vaccine,
the vaccine schedule was continued. Treatment with
nivolumab was discontinued for grade 4 toxicity or recur-
rent grade 3 toxicity. Patients came off study at the time of
radiographic progression (by CT or bone scan), if there
was undue toxicity, or at the discretion of the patient or
physician that other therapies were warranted. Patients
who completed lyear of treatment were monitored at
quarterly intervals, with collection of serum PSA, for an
additional year.

The protocol was modified within the first year to
include all patients with evidence of PSA rise, not just
those with a doubling time <12 months, to speed accrual.
In addition, the protocol was modified to include explor-
atory sodium fluoride positron emission tomography
/ computed tomography (NaF PET/CT) scans at base-
line, 3 months and 6 months after the first 10 patients
were accrued. This was to permit exploratory moni-
toring of bone-metastatic disease not detectable by bone
scan, using TRAQinform IQ (AIQ Solutions, Madison,
Wisconsin, USA).® The use of this methodology to iden-
tify small bone lesion, and changes and response char-
acteristics over time, have been previously reported.'’ "
Specifically, test-retest limits of agreement for the rela-
tive change in SUV _ were used to classify lesion-level
response as partially responding (PRL), stable disease
(SL), and progressing disease (PL)."" The primary study
endpoint was complete PSA response (PSA<0.2ng/
mL). Secondary objectives were to evaluate the 2-year
metastasis-free survival rate (MFS), median radiographic
progression-free survival (PFS), changes in PSA doubling
time, PSA response (<50% of baseline), and to determine
whether GM-CSF was required as an adjuvant. Explor-
atory objectives included immunological evaluations and
quantitative bone imaging assessments.

The protocol used a Simon-optimal two-stage design,
with the plan to enroll 21 patients for the first stage
and expand the trial by an additional 20 patients if >1
patient experienced a complete PSA response. With this
design, the trial had 90% power to detect an increase
in the PSA complete rate from 5% (null hypothesis)
to 20% (alternative hypothesis) at the one-sided 0.05

significance level. If the true PSA complete response
rate was only 5%, the study would be terminated after
the first stage with 66% probability. Due to slow accrual
and the unlikelihood of reaching this endpoint, the trial
was closed early to further accrual after 19 patients were
enrolled.

Clinical response evaluation

Serum PSA and PAP values were collected every 4 weeks
during the first year of treatment and then every 3 months
during the second year off treatment. PSA rise was not
used to define progression. A complete PSA response
was defined as a PSA<0.2ng/mL with a confirmatory
PSA<0.2ng/mL at least 4 weeks later. CT scans of the
abdomen/pelvis and bone scans were obtained every 6
months. The appearance of lesions consistent with meta-
static disease was used to define radiographic progression.
Lesions detected by 18F—NaF—PET/ CT or other advanced
imaging (such as choline PET/CT, fluciclovine, or PSMA
PET scans) were not used to define metastatic disease or
disease progression.

Immunological response evaluation
Measures of antigen-specific immune response were
performed by IFNyand granzyme B fluorescent ELISPOT
with fresh (not cryopreserved) peripheral blood mono-
nuclear cells (PBMC) as previously described.® " Due to
the COVID-19 pandemic, 11 blood samples could not be
evaluated in real time and were assessed later with cryo-
preserved samples. Immune response resulting from
immunization was defined as a PAP-specific response
detectable post-treatment that was statistically significant
(compared with media-only control by t-test), at least
threefold higher than the pretreatment value, and with
a frequency >1:100,000 PBMC, as we have previously
reported.’ T8

Plasma samples were obtained at baseline and various
post-treatment time points and were evaluated by
Luminex multiplex analysis for 35 cytokine and chemo-
kine analytes, according to the manufacturer’s instruc-
tions (Cytokine 35-plex human panel, ThermoFisher),
and as previously reported.” These analytes included EGF,
Eotaxin, FGF-basic, G-CSF, GM-CSF, HGF, IFN-alpha, IFN-
gamma, IL-1 beta, IL-1 alpha, IL-1RA, IL-2, IL-2R, IL-3,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12 (p40/p70)
IL-13, IL-15, IL-17A, IL-17F, IL-22, IP-10, MCP-1, MIG,
MIP-1 alpha, MIP-1 beta, RANTES, TNF-alpha, and VEGF.
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Statistical analysis

The primary efficacy endpoint was a complete PSA
response. Secondary efficacy endpoints included the
2-year MFS, radiographic PFS, and changes in PSA
doubling time. The complete PSA response and 2-year
MFS rates were reported along with the corresponding
two-sided 95% CIs which were constructed using the
Wilson score method. The PSA doubling time was calcu-
lated for each patient as the logarithm of 2 divided by
the slope of a linear regression of the log(PSA) over time
(months). Time to radiographic progression was defined
as the number of months from study enrolment to the
date of the recorded progression event. Time to PSA and
time to PAP progression were defined as the number of
months from treatment start date to the earliest time
at which a 25% increase over nadir was observed, with
a minimum increase of 2ng/mlL, and confirmed by a
subsequent measurement, or a minimum of 12 weeks for
patients without a decline in value. For patients without
a progression event, time to progression was censored
at the last date of disease assessment. Radiographic PFS
was analyzed using the Kaplan-Meier method. The log-
rank test was used to compare PFS between patients with
less than a twofold change of PSA doubling time over the
treatment period to patients with greater than a twofold
change. Comparisons of PSA doubling time from the
pretreatment to the on-treatment and post-treatment
assessments were conducted using the nonparametric
Wilcoxon rank sum test. Baseline characteristics were
summarized in terms of medians and ranges or frequen-
cies and percentages. The frequencies of adverse events
with an attribution of at least possibly treatmentrelated
during the treatment period were summarized by type
and severity in tabular format. Changes in cytokine and
chemokine levels from the pre-treatment to the week 4
and week 12 on-treatment assessments were conducted
using a paired t-test. All reported p values are two sided
and a p<0.05 was used to define statistical significance.
Statistical analyses were conducted by using SAS software
(SAS Institute), V.9.4.

RESULTS

Trial conduct and adverse effects

Between October 2018 and January 2022, 19 patients
with PSA-recurrent castration-sensitive prostate cancer,
without evidence of metastatic disease by conventional
imaging (stage MO), were accrued at a single academic
center (University of Wisconsin Carbone Cancer Center).
As shown in table 1, while patients had low initial serum
PSA levels, this was a high-risk population with a median
PSA doubling time of 5.9 months.

Enrolled patients were treated with pTVG-HP (MVI-
816) vaccine and nivolumab every 2weeks for six treat-
ments, and then every 4 weeks for nine treatments, to
complete 1year total. Patients were then followed for an
additional year off treatment (figure 1). GM-CSF adju-
vant was added to each subsequent vaccine treatment

Table 1 Demographics
Number 19
Age (years)
Median 68
Range 63-75
Race/ethnicity
White (non-Hispanic) 18 (95%)
American Indian or Alaska Native 1 (5%)
Gleason Score at Prostatectomy
6 1 (5%)
7 7 (837%)
8 7 (837%)
9 4 (21%)
T stage
T 1 (5%)
T2 7 (37%)
T3 10 (53%)
TX 1 (5%)
N stage
NO 13 (68%)
N1 2 (11%)
NX 4 (21%)
Prior therapy
Prostatectomy 19 (100%)

Adjuvant/salvage radiation therapy 16 (84%)
Androgen deprivation therapy (<24 months) 6 (32%)

Baseline PSA

Median (ng/mL) 3.1
Range (ng/mL) 1.96-10.11
Baseline PSA doubling time

Median (months) 5.9
0-3 months 5 (26%)
3-6 months 5 (26%)
6-12 months 6 (32%)
>12 months 3 (16%)

Range (months) 1.1-45.3

PSA, prostate-specific antigen.

beginning at week 4 if the serum PSA was not lower
than baseline. Overall, 5/19 (26%) patients received no
GM-CSF adjuvant due to PSA decline detectable at week
4. As shown in table 2, one patient developed a grade 4
event of increased lipase (and mildly symptomatic grade
2 pancreatitis). Two other patients had amylase and/
or lipase elevations without symptoms. Grade 3 events
included single events of adrenal insufficiency, fatigue,
non-cardiac chest pain, lymphopenia, and increased
amylase and lipase. Common grade 1 or 2 events included
hyperthyroidism or hypothyroidism, fatigue, chills, back
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Table 2 Adverse events

Grade 1 Grade 2 Grade 3 Grade 4
Cardiac
Palpitations 1 (5%)
Endocrine
Adrenal insufficiency 1(5%)
Hyper/hypothyroidism 1 (5%) 4 (21%)
Gastrointestinal
Abdominal pain 1 (5%)
Bloating 1 (5%)
Diarrhea 3 (16%) 1(5%)
Dry mouth 1 (5%)
Microcolitis 1 (5%)
Pancreatitis 1(5%)
General/constitutional
Chills 5 (25%)
Fatigue 8 (42%) 1 (5%)
Fever 2 (11%)
Infusion-related reaction 1 (5%)
Injection site reaction 4 (21%)
Non-cardiac chest pain 1 (5%) 1 (5%)
Lab Investigations
Creatinine increased 1 (5%)
Lipase increased 1 (5%) 1 (5%)
Lymphocyte count decreased 1 (5%)
Amylase increased 2 (11%) 1 (5%)
Metabolism and nutrition
Anorexia 2 (11%)
Hypoalbuminemia 1(5%)
Musculoskeletal
Arthralgia 1 (5%)
Back pain 1(5%) 2 (11%)
Generalized muscle weakness 1 (5%)
Pain in extremity 1 (5%)
Nervous system
Dysgeusia 1(5%)
Headache 1 (5%)
Psychiatric
Insomnia 1 (5%)
Renal system
Hematuria 1 (5%)
Respiratory system
Cough 1(5%)
Dyspnea 1 (5%)
Sore throat 1 (5%)
Skin
Pruritus 2 (11%)
Rash 2 (11%) 2 (11%)
Urticaria 1 (5%)

Shown are all adverse events that were deemed to be at least possibly related to treatment. The numbers represent the number of patients experiencing a
particular event at any point during the treatment period, with the highest grade reported for any single individual.
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pain, and injection site reactions. Two patients had treat-
ment held or delayed due to adverse events, but overall
17/19 (89%) completed 1year of treatment. One patient
discontinued due to disease progression at month 6 and
one due to the development of adrenal insufficiency.
Overall, 9/19 (47%) experienced an immune-related
adverse reaction of any grade, including adrenal insuffi-

Immunological response

ELISPOT was used to evaluate T-cell immunity to the PAP
vaccine target antigen. As shown in figure 2A, antigen-
specific IFNysecreting and/or granzyme B-secreting
T cells were detected in 15/19 (79%) of patients and
detected at least twice following treatment in 8/19 (42%)
of patients. Sera were evaluated for changes of 35 separate

ciency, thyroid dysfunction, pancreatitis, and rash.
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Figure 2 Immune evaluations. (A) Peripheral blood mononuclear cells (PBMC) were obtained from all patients and evaluated

for PAP-specific T-cell immunity by fluorescent ELISPOT. A positive immune response (red, pink) was defined as a statistically
significant response to the PAP peptide pool compared with media alone and that was at least threefold greater than
pretreatment and >1:1 00000 cells. Black/gray=no significant response, Blank=no data. Red/black=assay performed with fresh
cells in real time. Pink/gray=assay performed with cryopreserved cells. Shown are responses for IFNy release (left) or granzyme
B release (right). Sera obtained pretreatment and at weeks 4 and 12 of treatment were evaluated for changes in cytokines and
chemokines. Shown are the changes from pretreatment of CXCL9 (B) and CXCL10 (C). Statistical comparisons are by paired
t-test, and p<0.05 was considered statistically significant.
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cytokines and chemokines from pretreatment to weeks 4
and 12. As shown in figure 2B,C, CXCL9 and CXCL10
were significantly increased in the serum after treatment.
No other cytokines or chemokines were significantly
increased or decreased after treatment.

Clinical effects

Serum PSA and PAP values were obtained monthly
during the first year of treatment and at quarterly inter-
vals in the second year. No patient (0%, 95% CI 0% to
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17%) experienced a complete PSA response, the primary
efficacy endpoint of the trial. 9/19 (47%) patients
experienced any decrease in serum PSA from baseline,
and 4/19 (21%) had a PSA decline >50%, as shown in
figure 3A. The median time to PSA progression was 6.4
months (95% CI 2.8 to 11.0 months), and using the same
metrics, the median time to PAP progression was 22.5
months (95% CI not estimated due to censoring, online
supplemental figure 1). PSA and PAP levels remained
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any post-treatment time point to PAP, which patients developed an immune-related adverse event (irAE), and which patients
demonstrated an increase in serum CXCL9 at week 4 of treatment. (F) Shown is the time to radiographic progression. PAP,
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stable over the period of treatment for most individuals.
However, while two patients had stable or decreasing PSA
values after completing treatment, PSA values tended to
rise in the year following treatment (figure 3B,C). This
is more clearly illustrated by the PSA doubling time over
these pretreatment, on-treatment, and post-treatment
time periods. The PSA doubling time increased from a
median of 5.9 months pretreatment to 25.6 months on
treatment (p=0.001). Median PSA doubling time in the
post-treatment period was 9.0 months (figure 3D). Of
three patients with PSA DT>12 months prior to treat-
ment, two experienced at least a twofold increase in PSA
DT on treatment. The development of post-treatment
immune response to the PAP target antigen detected
by ELISPOT was not highly associated with an increase
in PSA doubling time. However, the development of
immune-related adverse events, and increase in CXCL9
in the serum at week 4, were both associated with the
on-treatment increase in PSA doubling time (figure 3E).

CT scans and bone scans were performed at 6-month
intervals or as clinically indicated. The median time to
radiographic progression was not reached (figure 3F).
15/19 (79%, 95% CI 57% to 91%) remained metastasis-
free at 2 years. When evaluating change in PSA doubling
time for individual patients, there was no significant differ-
ence detected when comparing PFS between patients
with less than a doubling of the PSA doubling time to
those with at least twofold increase in PSA doubling time
over the year of treatment (p=0.23).

Quantitative imaging

NaF PET/CT scans were acquired from 8 patients pretreat-
ment and at months 3 and 6. Images were analyzed using
TRAQinform IQ) to permit automated identification and
quantification of change in individual bone lesions detect-
able by NaF PET/CT that were not detectable by standard
bone scintigraphy.10 1 Figure 4A shows the total number
of lesions in bone detected at each time point for each
individual. Figure 4B shows the total functional burden
(sum of SUVtotal in all detected lesions) at each time
point per individual. In general, there were not consis-
tent trends in the number of lesions or SUVtotal of all
detectable lesions for each individual. Three of the eight
individuals (patients 11, 12 and 15) had relatively stable
serum PSA values over the year of treatment (figure 4C).
Sankey plots (figure 4D) of these three subjects depict
how lesions changed (intralesional response classification
based on change in SUVtotal) at each time point, as well
as how new lesions appeared and changed with ongoing
treatment. All patients were found to develop new lesions
by month 6. These findings suggested that treatment elic-
ited antitumor responses at individual tumor sites, but
that new lesions continued to emerge over time.

DISCUSSION
We report the results of a clinical trial in which patients
with non-castrate MO prostate cancer were treated with a

DNA vaccine encoding PAP (pTVG-HP) and nivolumab.
The primary endpoint was to determine if treatment
could eradicate the disease, leading to a complete PSA
response. The trial was halted early after accrual of 19
patients due to slow accrual and because the primary
endpoint was unlikely to be met even with the enrollment
of two additional patients as initially planned. Treatment,
however, did lead to antitumor effects as evidenced by
quantitative imaging and a prolonged PSA doubling time
on treatment. Treatment was also associated with the
development of immune response to the target antigen
and increases in serum CXCL9 and CXCLI10 chemok-
ines. Taken together, findings from this trial demonstrate
that (1) treatment of patients with MO prostate cancer
with pTVG-HP and nivolumab elicited similar types of
immune responses and immune-related adverse events as
identified in patients with mCRPC, and this treatment was
associated with an improved clinical course; (2) GM-CSF
is not required as a vaccine adjuvant; (3) pTVG-HP and
PD-1 blockade can elicit treatment responses, but not
a protective durable immunity; and (4) treatment of
patients in this population will likely require additional
treatments, such as ablative radiation to resistant lesions,
to eliminate prostate tumors and avoid the need for
subsequent androgen deprivation.

In this trial, we observed that the majority of patients
developed post-treatment immune response to the PAP
target antigen. This was not significantly associated
with prolonged PSA doubling time. Patients also devel-
oped increases in serum CXCL9 and CXCL10 that were
detectable at 4 weeks and 12 weeks after the start of treat-
ment. Increases in CXCL9 at 4 weeks were significantly
associated with an increase in PSA doubling time. While
the number of patients overall was low in this trial, we
observed similar trends in patients with mCRPC treated
with pTVG-HP and pembrolizumab.” In that trial, we also
observed a non-significant trend for increased time to
progression in patients who developed immune response
to the PAP target antigen and in those who developed
increases in serum IFNy, CXCL9, and CXCL10.” Collec-
tively, these findings suggest a similar immune-mediated
treatment effect following vaccination and PD-1 blockade,
and identify rational on-treatment biomarkers that could
be employed for future larger clinical trials. In fact,
these other measures may serve as better biomarkers of
a clinical effect than an immune response to the vaccine
antigen.

9/19 (47%) patients in the current trial developed
immune-related adverse effects. This is similar to the
frequency (28/66, 42%) of individuals with mCRPC
who developed immune-related adverse effects following
treatment with pTVG-HP and pembrolizumab.” The
same types of events were observed, notably adrenal
insufficiency, thyroid dysfunction, pancreatitis, and rash,
and there were no unusual new sites of toxicity. The most
common immune-related adverse effect observed was
thyroid dysfunction (hyperthyroidism and/or hypothy-
roidism), occurring in 5/19 (26%) of patients on this
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Figure 4 Quantitative bone imaging analysis. NaF PET/CT scans

were obtained within 2 weeks prior to study start (baseline),

and at months 3 and 6 of treatment for eight subjects. Images were analyzed by AlQ Solutions using TRAQinform IQ software to

automatically quantify the number of lesions for each patient at each time point (A), and the SUV,

of all lesions per patient at

total

each time point (B). (C) Percentage change from baseline of serum PSA values for three of the eight subjects. (D) Sankey plots
depict change in SUVtotal for each individual lesion over time. CRL, complete response of lesion; NL, new lesion (response

classifications based on deviation beyond established limits of agr
lesion; SL, stable lesion.

trial and 16/66 (24%) of patients in the mCRPC trial. Of
note, this frequency is higher than what was observed with
pembrolizumab alone used in the treatment of patients
with mCRPC, in which 13/258 (5%) patients devel-
oped any grade of thyroid dysfunction."” Similar rates of
thyroid dysfunction have been reported in 3/35 (5.7%)
patients with mCRPC treated with single-agent atezoli-
zumab,'* and in 26/3874 (7.0%) patients with mCRPC
treated with atezolizumab and enzalutamide."” While it is
unclear why the thyroid would be a specific site of auto-
immune toxicity, and the thyroid does not express the
PAP target antigen, our findings suggest that the combi-
nation of PD-1 blockade with pTVG-HP may increase the
risk of thyroid dysfunction. In any case, this was an easily
managed toxicity.

eement); PL, progressive lesion; PRL, partial response of

A secondary endpoint of the current trial was to evaluate
the need for GM-CSF as a vaccine adjuvant. In a phase I
trial using a DNA vaccine encoding a different target
antigen, we had identified that the development of T cell
immune response to the target antigen was affected by the
vaccine schedule but not by the inclusion of GM-CSF as an
adjuvant, permitting us to conclude that GM-CSF was not
necessary as an adjuvant for that vaccine.'” In the current
trial, GM-CSF was added as an adjuvant only if a PSA decline
was not observed at week 4. Five patients (26%) had PSA
declines without any use of GM-CSF. Of the 14 patients in
whom GM-CSF was added, three (21%) developed any
subsequent PSA decline. From this, we conclude that while
GM-CSF may have provided a modest improvement for a
few patients, it was not absolutely required as an adjuvant.
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In the current trial, we observed that treatment elicited
changes in serum PSA levels, with most patients having a
prolonged PSA doubling time over the year of treatment,
and 3/19 (16%) patients having a PSA decline over that
time period. The median time to radiographic progres-
sion was longer than expected, based on this high-risk
cohort (median pretreatment PSA doubling time of 5.9
months) and based on our prior findings in a random-
ized phase 2 trial in this population.’ '*'® However, no
patient experienced a complete PSA response, and in the
1-year period of follow-up off treatment, the majority of
patients had a rise in serum PSA. By quantitative imaging,
we observed that lesions detectable at baseline frequently
resolved with treatment, however, some lesions persisted.
New lesions that appeared at month 3 typically resolved
at month 6, suggesting these might be due to flare
phenomena. However, new lesions appeared again at 6
months. Collectively, these suggest that treatment elicited
responses in individual lesions, but new lesions continued
to appear and some stable lesions persisted. This could
explain the observation of stable disease, suggesting that
there is heterogeneity of response with some individual
lesions responding and resolving with treatment, and
perhaps persistent lesions giving rise to new metastatic
sites. The evaluation of individual responding and non-
responding lesions is an area of importance for future
exploration.

The clinical findings from this trial demonstrate that
there is a treatment effect with pTVG-HP and nivolumab,
but suggest that treatment should either be continued
indefinitely until disease progression or that other treat-
ments should be added to this treatment combination to
target mechanisms of resistance. The findings from quan-
titative imaging that some lesions persist and that new
lesions develop over time, however, suggest that the latter
approach would be preferable. At present, the majority
of patients with non-castrate MO prostate cancer receive
advanced imaging by PSMA PET/CT and are then
considered for targeted radiation therapy. In fact, we
observed that the adoption of this approach slowed this
trial’s accrual. A randomized trial conducted in patients
with castration-sensitive MO prostate cancer demon-
strated that targeted radiation therapy of small metastatic
lesions can delay the development of further metastatic
disease, but did not suggest that disease was eliminated.”
Taken together, we propose that these approaches might
be more optimally combined. That is, by using repetitive,
quantitative imaging of individual lesions by PSMA PET/
CT following treatment with pTVG-HP and nivolumab,
it may be possible to identify resistant lesions amenable
to targeted radiation therapy with the goal of eradicating
recurrent prostate cancer. This is an approach we aim to
evaluate in a future clinical trial.
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