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Abstract

Background—E9802 was a phase 2 multi-institution study conducted to evaluate the safety and 

effectiveness of vaccinia and fowlpox prostate-specific antigen (PSA) vaccine (step 1) followed 

by combination with androgen ablation therapy (step 2) in patients with PSA progression without 

visible metastasis.
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Objective—To test the hypothesis that vaccine therapy in this early disease setting will be safe 

and have a biochemical effect that would support future studies of immunotherapy in patients with 

minimal disease burden.

Design, setting, and participants—Patients had PSA progression following local therapy 

were treated with PROSTVAC-V (vaccinia)/TRICOM on cycle 1 followed by PROSTVAC-F 

(fowlpox)/TRICOM for subsequent cycles in combination with granulocyte-macrophage colony-

stimulating factor (step 1). Androgen ablation was added on progression (step 2).

Outcome measurements and statistical analysis—Step 1 primary end points included 

progression at 6 mo and characterization of change in PSA velocity pretreatment to post-

treatment. Step 2 end points included PSA response with combined vaccine and androgen 

ablation.

Results and limitations—In step 1, 25 of 40 eligible patients (63%) were progression free at 6 

mo after registration (90% confidence interval [CI], 48–75). The median pretreatment PSA 

velocity was 0.13 log(PSA)/mo, in contrast to median postregistration velocity of 0.09 

log(PSA)/mo (p = 0.02), which is an increase in median PSA doubling time from 5.3 mo to 7.7 

mo. No grade ≥4 treatment-related toxicity was observed. In the 27 patients eligible and treated for 

step 2, 20 patients achieved a complete response (CR) at 7 mo (CR rate: 74%; 90% CI, 57–87). 

Although supportive of larger studies in the cooperative group setting, this study is limited by the 

small number of patients and the absence of a control group as in a phase 3 study.

Conclusions—A viral PSA vaccine can be administered safely in the multi-institutional 

cooperative group setting to patients with minimal disease volume alone and combined with 

androgen ablation, supporting the feasibility of future phase 3 studies in this population.

Patient summary—These data support consideration of vaccine therapy earlier in the course of 

prostate cancer progression with minimal disease burden in clinical practice and future studies of 

vaccine approaches in earlier stages of disease.
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1. Introduction

Despite significant recent improvements in the treatment of advanced castration-resistant 

prostate cancer (CRPC), standard therapy with low risk of toxicity for men with early 

relapse of prostate cancer (PCa) (defined only by prostate-specific antigen [PSA] 

progression) remains an unmet need [1–3]. Immune therapy with poxvirus vaccines are 

particularly attractive options because they can induce potent immune responses by 

mimicking natural infection, have great flexibility regarding antigen composition, and are 

easily administered [4,5]. PROSTVAC-V is a highly immunogenic vaccinia virus 

transduced with a modified full-length PSA with a single amino acid substitution, 

PSA(L155) as the encoded antigen and three costimulatory molecules— B7.1, ICAM-1, and 

LFA-3 (TRICOM)—that were found to be synergistic when added to the poxviral system. 

PROSTVAC-F is a fowlpox virus transduced with TRICOM and PSA(L155). In our prior 
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Eastern Cooperative Oncology Group (ECOG) study, ECOG 7897, we evaluated the optimal 

sequencing of recombinant vaccinia and fowlpox vaccines without costimulatory molecules 

TRICOM demonstrating that vaccinia priming followed by fowlpox boost led to the 

strongest immune response and demonstrated the longest time to PSA progression [6]. 

PROSTVAC-VF (a single dose of PROSTVAC-V followed by PROSTVAC-F boosts) 

safety has been demonstrated in phase 1 and phase 2 studies including a randomized phase 2 

of PROSTVAC-VF versus empty fowlpox vector (2:1) in 125 asymptomatic or minimally 

symptomatic men with metastatic CRPC [7]. Although the primary end point of progression-

free survival (PFS) was not met, the trial did show a statistically significant improvement in 

median overall survival, and it led to an ongoing phase 3 study in men with metastatic 

CRPC (ClinicalTrials.gov identifier NCT01322490).

Although these promising studies address therapy in patients with higher tumor burdens, 

models of response to therapeutic vaccines suggest that patients with lower tumor burdens 

(ie, patients without visible metastatic disease) are more likely to benefit from a decrease in 

tumor growth rate over a longer period of time [8,9]. Prior preclinical and clinical data 

support the hypothesis that androgen ablation therapy is synergistic with vaccine approaches 

[10,11]. Building on these prior data, we tested PROSTVAC-VF in men with hormone-

sensitive nonmetastatic PCa and PSA recurrence to provide an optimized clinical setting for 

immune treatment testing for an initial indication of activity and its feasibility in a multi-

institutional setting for planning future larger studies.

2. Patients and methods

2.1. Patient eligibility

Eligible patients for step 1 were men aged ≥18 yr with ECOG performance status 0 or 1 who 

had a histologically confirmed diagnosis of PCa and completed local therapy, now with 

elevated PSA and no evidence of visible metastatic disease on physical examination, 

computed tomography or magnetic resonance imaging, or bone scan within 4 wk prior to 

registration. Patients required evidence of biochemical progression as determined by a 

reference PSA value (PSA1) followed by two rising PSA values (PSA2, PSA3), each higher 

than the previous value, obtained at least 4 wk apart. Patients must have had PSA doubling 

time (PSA DT) <12 mo. The baseline PSA value must have been obtained within 1 wk prior 

to registration and been >0.4 ng/ml (after prostatectomy) or >1.5 ng/ml (after radiation 

therapy). Prior neoadjuvant or adjuvant hormonal therapy or chemotherapy was allowed if 

discontinued ≥1 yr before enrollment, without progression. All patients signed institutional 

review board–approved consent forms before the study screening began. Patients with 

biochemical or clinical progression during step 1 were eligible to continue on to androgen 

blockade in step 2.

2.2. Study design and treatment

This single-arm study was conducted at participating sites in the ECOG. PROSTVAC-V 

(vaccinia; 2 × 108 pfu) was given subcutaneously on day 1 with subsequent boosts using 

PROSTVAC-F (1 × 109 pfu) given subcutaneously on day 1 of weeks 5, 9, 13, and 17, and 

then every 12 wk until biochemical or clinical progression. Starting the day of vaccination 
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and continuing once daily for a total of 4 doses after each vaccination, granulocyte-

macrophage colony-stimulating factor (GM-CSF) 100 µg was administered subcutaneously 

within 5 mm of the vaccination. At progression, eligible patients (without metastatic 

disease) were offered treatment (step 2) with androgen-deprivation therapy (bicalutamide 50 

mg orally every day for 1 mo and luteinizing hormone-releasing hormone agonist for the 

duration of study participation). PROSTVAC-F and GM-CSF were continued at the same 

dose every 12 wk until biochemical or clinical progression (defined as in our prior study, 

with a 50% increase in PSA that is reconfirmed), evidence of metastasis by radiographic 

imaging, clinical progression, or a maximum of 12 mo. PROSTVAC-V (rV-PSA-TRICOM) 

and PROSTVAC-F(rF-PSA-TRICOM) were manufactured by Therion Biologics 

(Cambridge, MA, USA) and provided by the National Cancer Institute (NCI) Cancer 

Therapeutics Evaluation Program.

2.3. Immunologic monitoring

HLA-A2 typing by flow cytometry and enzyme-linked immunospot (ELISPOT) assays were 

performed using cryopreserved peripheral blood mononuclear cells. ELISPOT assays for 

interferon-γ production by T cells exposed to modified PSA (L155) were performed in the 

ECOG Central Immunology Laboratory with a 7-d in vitro stimulation, as previously 

described [6]. All conditions were plated in triplicate, and healthy donor assay controls were 

included on each plate to confirm reagent and assay performance. Because the trial was not 

designed for HLA-A2+ patients only, the subset tested for peptide-specific responses by 

ELISPOT was exploratory. Antibody titers against PSA were tested by a standardized 

enzyme-linked immunosorbent assay developed in the ECOG reference laboratory 

(University of Pittsburgh Immunologic Monitoring Lab). Results for anti-PSA antibodies 

were repeated at NCI laboratories with a different methodology used for prior NCI studies, 

as previously described [12].

2.4. Statistical considerations

The primary end points of step 1 of this study were the proportion of patients free of PSA 

progression before 6 mo (before the start of androgen ablation) and characterization of 

change in PSA velocity pretreatment to post-treatment. The primary analysis population 

included eligible and treated patients. PSA was assessed as complete response (CR), partial 

response (PR), stable disease, or progression. CR was considered in patients treated with 

prior radical prostatectomy as a PSA <0.2 ng/ml confirmed by a repeat PSA 1 mo later. In 

patients treated with radiation therapy only, a PSA <1 ng/ml on three separate occasions 

taken at least 1 mo apart was considered a complete biochemical response. A PR was 

considered with a reduction in PSA ≥50% from baseline, confirmed by a repeat PSA 1 mo 

later. Stable disease was defined as a reduction in PSA <50% from baseline or an increase in 

PSA not meeting the criteria of progressive disease. PSA progression was defined as an 

increase in PSA value >50% of baseline (on trial) or nadir PSA, whichever was lower, 

confirmed by a repeat PSA 2 wk later. The PSA must have risen by at least 5 ng/ml.

A target rate of 60% of progression-free patients at 6 mo was considered worthy of further 

study based on a prior study that used a similar 6-mo end point in a group of patients less 

likely to progress than this current proposal with more specified entry criteria [13]. Despite 
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enrollment of patients with less aggressive disease, this prior study demonstrated that 64% 

were free of biochemical and clinical progression at 6 mo (36% progressed). Because our 

current study was testing a similar vaccine for patients with more aggressive disease, a true 

PSA progression-free rate of 60% (observing ≥21 free of progression at 6 mo) would be 

considered worthy of further study. With 45 patients (41 eligible patients), this design had a 

10% probability of declaring the treatment effective if the true progression-free rate was 

40% and a 90% probability of declaring the treatment effective if the true progression-free 

rate was 60%. With a final accrual of 40 eligible patients, the study still had 79% power with 

one-sided α of 0.07 using the same design (observing ≥21 free of progression at 6 mo). 

Although fewer than the prespecified sample size (40 eligible patients instead of 41 in the 

design), this study still observed 25 patients free of progression at 6 mo, exceeding the 

predefined rule of ≥21. Furthermore, the 80% confidence interval (CI) of the progression-

free rate at 6 mo (51%, 73%) excluded the null hypothesis of 40% and included the target 

rate of 60%.

Step 1 data were assessed as of May 2013 and step 2 data as of April 2014. The pretreatment 

and postregistration PSA velocities were calculated using the three PSA values required for 

study entry and PSA measurements obtained every 4 wk for the first 6 mo of treatment by a 

piecewise linear model, with an additional analysis using the values obtained in the first 3 

mo following baseline. To be considered evaluable for PSA velocity, patients must have 

completed at least 3 mo of treatment. The Wilcoxon signed rank test was used to test the 

difference between pretreatment and post-treatment PSA velocities, and effect by GM-CSF 

the changes in anti-PSA antibodies from baseline to 12 wk or 24 wk. The Kaplan-Meier 

method was used to characterize PFS and overall survival. Exact binomial CIs were used to 

describe PSA progression-free rate and PSA response. All p values are two sided.

3. Results

3.1. Characteristics of the patients

The study was activated in ECOG institutions on February 3, 2006, and terminated on 

December 11, 2007, after reaching its accrual goal of 50 patients. Table 1 shows the 

demographics and disease characteristics of the eligible patients at study entry. Patients with 

biochemical or clinical progression during initial therapy (step 1) were eligible to continue 

on with vaccine and androgen blockade in step 2. In step 1, 10 patients were ineligible 

(Table 2), and 40 patients were included in the main analysis. A total of 31 patients were 

registered for step 2. Among these, three were ineligible because criteria for progression 

were not met, and one patient never started assigned therapy. Therefore, 27 eligible and 

treated patients were included in the step 2 analysis. For step 1, the median duration of 

treatment among eligible patients was 9.9 mo with an interquartile range (IQR) of 4.3–15.4 

mo. Overall, 75% were off treatment due to progressive disease. For step 2, the median 

duration of treatment among eligible and treated patients was 8.6 mo with an IQR of 7.5–

10.3 mo.
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3.2. Prostate-specific antigen biomarker assessment

Table 3 shows the PSA progression-free rate at 6 mo following vaccine therapy in step 1, as 

the planned primary end point. A total of 25 patients treated with vaccine alone were free of 

progression at 6 mo after registration, and the progression-free rate at 6 mo was 63% (90% 

CI, 48–75), exceeding the target rate of 60%, signifying that the treatment is worthy of 

further study. All the 25 patients deemed progression free at 6 mo had a 24-wk PSA 

assessment within 10 d of the prespecified schedule except for three patients. These three 

patients had 24-wk PSA assessments 3–5 wk away from the prespecified schedule, but all 

had progression-free status documented at 7 and 8 mo after registration. These three patients 

did not have progression until 9, 12, and 30 mo, respectively, after registration.

Although not included in the planned prospective analysis for the primary end point, Table 4 

is included for completeness to show PSA progression–free rates including the ineligible 

patients. Table 5 shows PSA velocities before and after treatment with vaccine alone. The 

median pretreatment PSA velocity was 0.13 log (PSA)/mo (IQR: 0.08–0.17), in contrast to 

median postregistration (6 mo) velocity of 0.09 log (PSA)/mo (IQR: 0.06– 0.12), which 

represents an improvement of PSA DT from 5.3 mo to 7.7 mo (p = 0.02 by Wilcoxon signed 

rank test). Table 6 shows data collected to test for a potential early direct effect of GM-CSF 

on PSA based on prior data demonstrating a decrease over the 2 wk following GM-CSF 

administration in this population in a sawtooth pattern [14]. PSA values were obtained on 

days 4 and 15 of the study to test the hypothesis that PSA will decrease over the course of 2 

wk following GM-CSF administration. The median day 4 PSA was, in fact, less than the day 

15 PSA, 4.5 ng/ml and 4.9 ng/ml, respectively (p = 0.003), which contrasts to the hypothesis 

that GM-CSF alone, independent of vaccine, could directly decrease PSA by day 15.

Table 7 shows PSA levels at 7 mo of combined vaccine and androgen ablation therapy in 

step 2. As shown, 74% achieved a PSA ≤0.1 ng/ml with 48% having a totally undetectable 

PSA. Median 7-mo PSA was 0.1 ng/ml with an IQR of 0–0.3. Overall, 20 patients achieved 

a CR at 7 mo (CR rate: 74%; 90% CI, 57–87), and seven patients experienced a PR at 7 mo, 

as defined by protocol criteria. As for the best PSA response, 21 patients achieved a CR (CR 

rate: 78%; 90% CI, 61–90), and 6 patients experienced a PR during step 2.

3.3. Overall and progression-free survival

PFS was defined as the time from registration in step 1 to PSA progression, clinical 

progression, or death, whichever occurred first, as shown in Figure 1. Median PFS was 12.0 

mo (95% CI, 7.4–14.7). Survival time was defined as the time from study entry until death 

or date last known alive. At the time of analysis, only 3 patients died, and 37 patients were 

alive among eligible patients. Median follow-up among patients still alive was 58.8 mo, and 

median survival has not been reached. Among 25 patients considered progression free at 6 

mo, 19 experienced PSA progression; 6 remained progression free as of the analysis. Of the 

19 patients with PSA progression, the earliest PSA progression occurred at 7.4 mo, and 14 

patients had PSA progression after 10 mo from registration.
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3.4. Toxicity

Information about symptoms and toxicities was collected during treatment. All patients who 

received protocol therapy, regardless of eligibility, were evaluated for toxicities. During step 

1 therapy, no grade ≥4 toxicities were observed; all toxicities were mild and moderate, 

except for three cases of grade 3 adverse events of fever, joint effusion, and muscle pain 

(Table 8). Injection site reaction, muscle pain, and fatigue were the most frequently 

occurring toxicities. Similarly, during step 2 no grade ≥3 toxicities were observed, with all 

toxicities either mild or moderate. Hot flashes and injection site reaction were the most 

frequently occurring toxicities.

3.5. Immune effect

In this small cohort of patients, we did not find a clear and significant T-cell or PSA 

antibody immune effect. The interferon (IFN)-γ ELISPOT assay was utilized in eight HLA-

A2+ patients at baseline and at week 12. Overall, as shown in Figure 2, no significant change 

was detected in this small sample set (p = 0.2). Anti-PSA antibody titers were evaluated by 

enzyme-linked immunosorbent assay (ELISA) by two different methodologies. Initial 

assessment at the ECOG Central Immunology Laboratory, testing a higher serum 

concentration, demonstrated an increase overall at 12 wk (n = 21; p = 0.03) and 24 wk (n = 

19; p = 0.02). Repeat assay within NCI laboratories, at previously standardized lower 

concentrations, demonstrated no significant increase that was subsequently confirmed by 

Western analysis. Specifically, three patients who were positive on initial ELISA showed no 

significant increase in anti-PSA at both 1:50 and 1:250 dilution by ELISA. Western analysis 

of PSA and bovine serum albumin (control) at 1:50 was conducted in these three patients. 

Two patients were negative at all three time points. One patient was weakly positive at 

baseline (7.1 by densitometer), at 12 wk (12.3), and at 24 wk (7.9).

4. Discussion

In this phase 2 trial of PROSTVAC-VF in men with biochemical recurrence, PROSTVAC-

VF was well tolerated, and 63% of eligible patients were free of PSA, radiographic, and 

clinical progression at 6 mo of vaccine therapy alone, meeting the trial end point considered 

worthy of further study. Activity of the vaccine was also assessed by estimating the rate of 

rise of PSA before and after PROSTVAC-VF therapy, with the PSA DT increasing from 5.3 

mo to 7.7 mo. Although the benefit modulating the rate of PSA rise has not been validated 

as an end point that will ultimately lead to improvement in metastasis-free or overall 

survival, it suggests possible biologic activity of the agent. Additional limitations recognized 

include the possibility that alteration of PSA DT occurred by chance in the absence of 

treatment effect, differences in timing, and schedule of PSA assessments or that this vaccine 

altered PSA secretion or elimination without an effect on the natural history of the disease. 

Despite these potential limitations, this study supports the feasibility of this approach in 

patients with low-volume disease within the cooperative group or national multi-institutional 

setting, contributing to the design of larger and more definitive studies of vaccine therapies 

in earlier stages of disease [8,15–17].
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In step 2 of the study, the combination of vaccine and androgen ablation therapy also 

demonstrated biochemical activity as defined by a PSA at 7 mo of therapy. As shown in 

Table 7, 74% had a significant PSA nadir, defined by the study as ≤0.1 ng/ml. These data 

are only hypothesis generating, but interesting given a biologic rationale for the synergy of 

vaccine therapy with androgen ablation in a population of patients with aggressive disease 

characterized by a median PSA DT of 4.3 mo at study entry [11]. Historically, in a study by 

Hussain et al of 1345 patients with castration-sensitive PCa and more aggressive disease as 

characterized by visible new metastasis treated with androgen ablation therapy, 48% of 

patients achieved a PSA ≤0.2 ng/ml by 7 mo of therapy [18,19]. In a recent retrospective 

analysis of 294 men with less aggressive disease characterized by a median pretreatment 

PSA of only 2.1 treated with androgen ablation therapy following radical prostatectomy, 

76% had an undetectable nadir and only 8% a nadir >0.2 ng/ml [20]. Given such 

contradictory benchmarks, a phase 3 prospective study would be needed with an 

appropriately matched control group, and our data support the feasibility of such a larger 

pox viral vaccine study in the national cooperative group setting. A clear and significant T-

cell or PSA antibody immune effect was not demonstrated in this small cohort of patients. 

Assessment of PSA-specific CD8+ T cells via IFN-γ ELISPOT in only eight patients was 

not significant overall, as shown in Figure 1, in contrast to prior studies of ELISPOT in this 

population [6]. Initial analysis of PSA antibody in a small sample demonstrated an increase, 

but further analysis and Western confirmation demonstrated no significant increase. These 

data support a low likelihood of a significant biologic effect to alter PSA antibody but attest 

to the need to further study and validate a standard approach to anti-PSA assessment for 

future studies. Further assessment of these potential biomarkers may be warranted following 

the results of the ongoing NCI study (ClinicalTrials.gov identifier NCT01322490) with 

overall survival as the primary end point. Taken together, these biomarker studies highlight 

some of the limitations and pitfalls of immune assessments in clinical trials of vaccine 

therapies including the clear demonstration of differences in PSA antibody results depending 

on methodology.

5. Conclusions

PROSTVAC-V in cycle 1 followed by PROSTVAC-F boosts (designated PROSTVAC-VF) 

in combination with GM-CSF in noncastrated patients with rising PSA after definitive local 

therapy was administered safely in the multi-institutional cooperative group setting to 

patients with minimal disease volume. It supports advancing further studies of vaccine 

approaches in patients with minimal disease burden.
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Take-home message

These data support consideration of vaccine therapy earlier in the course of prostate 

cancer progression with minimal disease burden in clinical practice and future studies of 

vaccine approaches in earlier stages of disease.
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Fig. 1. 
Progression-free survival (PFS) in step 1 (including both prostate-specific antigen [PSA] and 

clinical progression as events). PFS was defined as the time from registration to PSA 

progression, clinical progression, or death.

PFS = progression-free survival.

DiPaola et al. Page 12

Eur Urol. Author manuscript; available in PMC 2016 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Effect of vaccination on interferon-γ production by enzyme-linked immunospot assay. Eight 

HLA-A2+ patients were assessed at baseline and at week 12. The y-axis represents net mean 

spots per 105 cells after 7 d in vitro stimulation with 10 µg/ml prostate-specific antigen 

peptide (50 µg total) and interleukin (IL)-2 plus IL-7. An increase from baseline activity is 

shown in patients 98016, 98034, and 98050.
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Table 1

Patient characteristics

Characteristics (n = 40) Result

Age, yr

  Median 62.5

  IQR 56–66.5

Race, n (%)

  White 36 (92)

  Black 3 (8)

  Unknown 1

ECOG PS, n (%)

  0 39 (97.5)

  1 1 (2.5)

Prior treatment, n (%)

  Single-agent cytotoxic systemic chemotherapy 1 (3)

  Multiagent cytotoxic systemic chemotherapy 3 (8)

  Hormonal therapy 13 (33)

  Radiation therapy 32 (80)

  Surgery 39 (98)

  Other 6 (15)

  PSA DT, mo*

  Median 4.3.

  IQR 3.3–7.1

Serum testosterone level, ng/dl

  Median 379

  IQR 277–455

ECOG PS = Eastern Cooperative Oncology Group performance status; IQR = interquartile range; PSA = prostate-specific antigen; PSA DT = 
prostate-specific antigen doubling time.

*
Submitted by the sites based on the formula provided in the protocol using two PSA measurements prior to study entry, therefore different from 

the pretreatment PSA DT assessed by multiple PSA measurements prior to the start of therapy using a piecewise linear model in the text.
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Table 2

Reasons for ineligibility

Case Reason

98002 No rising PSA

98004 PSA DT >365 d; baseline lab evaluation >4 wk prior to registration

98011 Testosterone level <150 ng/dl at baseline; no prior radiation or surgery;
prior hormonal therapy within a year of registration

98013 No rising PSA

98015 Testosterone level <150 ng/dl at baseline

98017 Baseline testosterone level obtained after registration

98028 Prior hormonal therapy within a year of registration

98029 Baseline PSA obtained >1 wk prior to registration

98039 No rising PSA; baseline PSA obtained >1 wk prior to registration

98046 Baseline testosterone level obtained after registration

PSA = prostate-specific antigen; PSA DT = prostate-specific doubling time.

Eur Urol. Author manuscript; available in PMC 2016 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

DiPaola et al. Page 16

Table 3

Prostate-specific antigen progression-free rate at 6 mo (eligible patients)

Progression status n %

Progression free at 6 mo 25 63

Progression within 6 mo 11 28

Other* 4 10

Total 40 –

*
Cases 98007 and 98030 started nonprotocol therapy prior to 6 mo; case 98041 experienced progression after 6 mo, but the last disease assessment 

documenting progression-free was prior to 6 mo. Case 98043 received step 2 treatment at 5 mo without meeting the criteria of progressive disease 
in step 1.
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Table 4

Prostate-specific antigen progression-free rate at 6 mo*

Progression status n %

Progression free at 6 mo 29 58

Progression within 6 mo 13 26

Other† 8 16

Total 50 –

*
All patients including 10 ineligible patients.

†
Cases 98007, 98015 (ineligible), and 98030 started nonprotocol therapy prior to 6 mo; cases 98011 (ineligible) and 98041 experienced 

progression after 6 mo, but the last disease assessment documenting progression free was prior to 6 mo. Case 98043 received step 2 treatment at 5 
mo without meeting the criteria of progressive disease in step 1. Cases 98004 (ineligible) and 98028 (ineligible) had <6 mo of follow-up.
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Table 5

Prostate-specific antigen slopes before and after vaccine treatment (step 1)

(n = 31)*
Median

(log PSA/mo)
IQR

(log PSA/mo) p value**

6-mo PSA data

  Pretreatment slope 0.13 (0.08–0.17) –

  During treatment slope 0.09 (0.06–0.12) –

  Difference between pretreatment and during treatment −0.04 (−0.08 to 0.01) 0.02

3-mo PSA data

  Pretreatment slope 0.13 (0.08–0.15) –

  During treatment slope 0.08 (0.04–0.15) –

  Difference between pretreatment and during treatment −0.03 (−0.08 to 0.04) 0.10

IQR = interquartile range; PSA = prostate-specific antigen.

*
Among 30 patients (one patient was excluded because his 6-mo PSA was measured >3 mo away from the 6-mo time point) included in the PSA 

velocity analysis, the baseline PSA median was 2.0 (IQR: 1.5–5.4) and the 6-mo PSA median was 4.2 (IQR: 2.4–9.6).

**
Wilcoxon signed rank test.
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Table 6

Day 4 and day 15 prostate-specific antigen measurements (step 1)

(n = 22) Median, ng/ml IQR, ng/ml p value*

Day 4 PSA 4.5 1.4–9.3 –

Day 15 PSA 4.9 1.6–9.6 –

Difference between day 4 and day 15 0.45 0.1–1.1 0.003

IQR = interquartile range; PSA = prostate-specific antigen.

*
Wilcoxon signed rank test.
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Table 7

7-mo prostate-specific antigen on step 2

PSA level,
ng/ml n %

0 13 48

0.1 7 26

0.2–1.0 3 11

1.1–5.0 2 7

>5.0 2 7

Total 27 100

Median 0.1

IQR 0–0.3

IQR = interquartile range; PSA = prostate-specific antigen.
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Table 8

Treatment-related toxicities

Toxicity type

(n = 50)
Grade

1, 2, 3,

n n n

Allergic reaction 1 1 –

Hemoglobin 4 – –

Leukocytes 1 – –

Lymphopenia 1 – –

Fatigue 18 2 –

Fever without neutropenia 12 2 1

Rigors/chills 7 – –

Sweating 2 – –

Weight loss 1 – –

Flushing 1 – –

Injection site reaction 23 5 –

Erythema multiforme – 1 –

Hand-foot reaction 1 – –

Hot flashes 3 – –

Anorexia 3 – –

Diarrhea without prior colostomy 1 – –

Flatulence 1 – –

Nausea 2 – –

Edema limb 1 – –

Lymphatics: other 1 – –

Alkaline phosphatase 2 – –

ALT, SGPT 2 – –

AST, SGOT 2 – –

Bilirubin 3 – –

Creatinine 1 – –

Hyperglycemia 6 – –

Hypernatremia 1 – –

Joint effusion – – 1

Dizziness 2 – –

Abdomen, pain 1 – –

Bone, pain 1 – –

Head/headache 1 – –

Joint, pain 3 – –

Muscle, pain 18 3 1

Pain: other 9 – –

Renal/GU: other 1 – –
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Toxicity type

(n = 50)
Grade

1, 2, 3,

n n n

Worst degree 30 12 2

ALT = alanine aminotransferase; AST = aspartate aminotransferase; GU = genitourinary; SGOT = serum glutamic-oxaloacetic transaminase; 
SGPT = serum glutamic-pyruvic transaminase.

Eur Urol. Author manuscript; available in PMC 2016 September 01.


