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Abstract
Purpose: Sipuleucel-T, an autologous cellular immunotherapy, was investigated in a randomized,

double-blind, controlled trial to determine its biologic activity in androgen-dependent prostate cancer

(ADPC).

Experimental Design: Patients with prostate cancer detectable by serum prostate-specific antigen (PSA)

following radical prostatectomy received 3 to 4 months of androgen suppression therapy, and were then

randomized (2:1) to receive sipuleucel-T (n¼ 117) or control (n¼ 59). The primary endpoint was time to

biochemical failure (BF) defined as serum PSA � 3.0 ng/mL. PSA doubling time (PSADT), time to distant

failure, immune response, and safety were also evaluated.

Results: Median time to BF was 18.0 months for sipuleucel-T and 15.4 months for control (HR ¼
0.936, P ¼ 0.737). Sipuleucel-T patients had a 48% increase in PSADT following testosterone recovery

(155 vs. 105 days, P ¼ 0.038). With only 16% of patients having developed distant failure, the

treatment effect favored sipuleucel-T (HR ¼ 0.728, P ¼ 0.421). The most frequent adverse events in

sipuleucel-T patients were fatigue, chills, and pyrexia. Immune responses to the immunizing antigen

were greater in sipuleucel-T patients at Weeks 4 and 13 (P < 0.001, all) and were sustained prior to

boosting as measured in a subset of patients a median of 22.6 months (range: 14.3–67.3 months)

following randomization.

Conclusions: No significant difference in time to BF could be shown. The finding of increased PSADT

in the sipuleucel-T arm is consistent with its biologic activity in ADPC. Long-term follow-up will be

necessary to determine if clinically important events, such as distant failure, are affected by therapy.

Treatment was generally well tolerated. Clin Cancer Res; 17(13); 4558–67. �2011 AACR.

Introduction

Nineteen to 32 percent of men who undergo surgery for
clinically localized prostate cancer experience disease recur-
rence (1–4). An elevated prostate-specific antigen (PSA)
level is often the first and only sign of disease recurrence.
Management of patients with a rising PSA remains uncer-
tain. While those suspected of harboring locally-persistent
disease may benefit from radiation therapy, the majority of

these patients have systemic disease. Systemic therapy with
androgen suppression may benefit some of these patients
(5), but the optimal timing of its initiation remains unclear
(6, 7) and potential benefits must be weighed against
considerable toxicities (7, 8). New treatments with fewer
side effects are needed.

Sipuleucel-T is an autologous cellular immunotherapy
composed of a patient’s peripheral blood mononuclear
cells (PBMC), including antigen-presenting cells (APCs),
that have been activated ex vivo with a recombinant fusion
protein known as PA2024. PA2024 consists of a prostate
antigen, prostatic acid phosphatase (PAP), fused to gran-
ulocyte-macrophage colony-stimulating factor (GM-CSF),
an immune cell activator. Two randomized, double blind,
controlled Phase 3 trials in metastatic castrate resistant
prostate cancer provided initial evidence that sipuleucel-
T prolongs survival (9, 10), which was confirmed in a third
Phase 3 trial with 512 men (11).

To study the activity of sipuleucel-T in patients with
androgen-dependent prostate cancer (ADPC), a double-
blind, controlled, randomized trial, PROTECT (PROvenge
Treatment and Early Cancer Treatment, NCT00779402),
was designed to examine time to biochemical failure (BF,
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the primary endpoint defined as serum PSA � 3.0 ng/mL),
PSA doubling time (PSADT), time to distant failure, and
overall survival.

Materials and Methods

Patients
Eligible patients had an increase in serum PSA as the

only sign of disease recurrence following a radical prosta-
tectomy carried out at least 3months and notmore than 10
years prior to registration for histologically confirmed
prostate cancer. Patients who experienced their first PSA
recurrence within 2 years of initial therapy were eligible
regardless of the Gleason score; those who experienced
their first PSA relapse between 2 and 10 years following
initial therapy were eligible only if the Gleason score was
�7. Other eligibility requirements included an Eastern
Cooperative Oncology Group (ECOG) performance status
of 0 or 1, life expectancy of at least one year, and age
between 18 and 80 years. Negative serology for human
immunodeficiency virus, human T-lymphotropic virus
type 1 or 2, and hepatitis B and C were required, as were
adequate hematologic, renal, and hepatic function. The
tumor specimen had to be positive for PAP by immuno-
histochemistry. Therapeutic PSA response to primary ther-
apy was required to have been < 0.4 ng/mL. If androgen
ablation was given for a previous PSA relapse, current PSA
must have reached 3 ng/mL and be 25% above the nadir
observed while on prior androgen ablation therapy.
Patients who were treated with adjuvant or salvage radia-
tion following radical prostatectomy, or with either lutei-
nizing hormone-releasing hormone agonist (LHRH-a) or

nonsteroidal antiandrogen therapy for a prior PSA relapse,
were eligible provided PSA was not rising while receiving
hormonal therapy, and 6 months had elapsed since the
last effective date of androgen deprivation or antiandrogen
therapy. Prior chemotherapy was permitted provided at
least 4 months had elapsed. Patients with prior orchiect-
omy, immunotherapy, or therapy with experimental agents
for prostate cancer were excluded as were patients with a
history of other prior malignancies within 5 years of study
entry, other than resected basal or squamous cell carci-
noma of the skin. Patients whose post-prostatectomy
PSA reached 20 ng/mL were not eligible. Concurrent par-
ticipation in other clinical trials involving investigational
agents was prohibited.

During a run-in period, patients were treated with a
3-month depot injection of an LHRH-a. Those with PSA
< 1 ng/mL following the LHRH-a were eligible for rando-
mization. Those with a PSA � 1 ng/mL were permitted to
receive an additional 1-month depot injection of LHRH-a,
and were eligible for randomization if PSA declined to
< 1 ng/mL. Local institutional review boards approved the
protocol at each study center, and all patients signed
institutional review board–approved informed consent
forms.

Randomization assignment and treatment
This double-blind, randomized, controlled study

involved 17 centers in the United States. A centrally admi-
nistered, stratified, block randomization method encom-
passing all study centers was employed to assign patients to
treatment in a 2:1 ratio (sipuleucel-T: control). Stratifica-
tion variables were receipt of adjuvant or salvage radiation
therapy after prostatectomy (yes or no) and Gleason score
(�6 or �7).

Treatment was scheduled at Weeks 0, 2, and 4. An
optional booster treatment with a single infusion of sipu-
leucel-T or control, as originally randomized, was available
after BF; the blind was maintained, and there was no
crossover. Prior to each treatment, patients underwent a
standard 1.5 to 2.0 blood volume mononuclear cell leu-
kapheresis, which was transported to a sponsor-designated
manufacturing facility. Patients were infused 2 to 3 days
after leukapheresis with sipuleucel-T or control (11). Con-
trol consisted of PBMC held at 2–8�C without the addition
of PA2024.

Schedule of events for endpoint evaluations
Blood samples for PSA testing were drawn at Screening,

Week -1, Week 0 (first infusion), Weeks 2, 13, 26, and every
3 months until distant failure. In patients receiving a
booster, blood samples for PSA were collected at Weeks 4
and 13 post-booster. Distant failure was documented by
observation of metastases on bone scan, CT scan, or other
imaging modality. Scans were carried out every 12 months
following BF, or when triggered by one of the following
events: PSA doubling within 9 months following BF,
PSA �10 ng/mL, symptomatic disease-related pain, or in
accordance with clinical practice.

Translational Relevance

Sipuleucel-T is an autologous cellular immunother-
apy that prolongs overall survival in men with asymp-
tomatic or minimally symptomatic, metastatic castrate
resistant prostate cancer. This randomized study inves-
tigated sipuleucel-T earlier in the natural history of
prostate cancer, in men with androgen-dependent
disease. The study demonstrates prolongation of
PSA doubling time in the sipuleucel-T group relative
to control, providing the first evidence that sipuleucel-T
can affect a clinically relevant endpoint proximal to
overall survival. Increased antigen presenting cell acti-
vation in the second, third, and boost doses of sipu-
leucel-T relative to the first dose provides evidence of
priming with the first dose, and boosting by subse-
quent infusions, indicative of the establishment of
immunologic memory. This study also shows that
sipuleucel-T can generate a robust and sustained T cell
response to the immunizing antigen in this patient
population, and that this immune response is main-
tained following a single booster infusion, which may
be augmented in some patients.
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Patients underwent blood draws for assessment of
immune response during regularly scheduled visits at
Screening and Weeks 4 and 13 following the first infusion.
Patients receiving a booster infusion underwent a blood
draw for assessment of immune response prior to the
booster infusion and at Weeks 4 and 13 post-booster.

Patients were followed throughout the study for safety
(physical examinations, adverse event assessments, labora-
tory tests) and survival. This study is ongoing and survival
results will be reported when available.

Immunologic testing
As part of lot-release assessments, every sipuleucel-T and

control product was assessed for APC activation by the
degree of CD54 upregulation, determined by the ratio of
CD54 expression on post-culture APCs compared with
preculture APCs (12).

Immune responses in the peripheral blood were assessed
by interferon-gamma (IFNg) ELISPOT and proliferation
assays in a subset of patients (9,13). PBMCs, freshly iso-
lated from whole blood, were plated in triplicate into anti-
IFNg (all antibodies purchased from MabTECH) coated
ELISPOT plates, or round bottom plates for proliferation
assays, in the presence of PA2024 (10 mg/mL).

For ELISPOT assays, plates were incubated for 48 hours,
washed, probed with biotinylated anti-IFNg , further
washed, and then incubated with streptavidin alkaline
phosphatase. Spot development was achieved with 5-
bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazo-
lium (BCIP/NBT; Invitrogen) and spots were enumerated
by a CTL Immunospot 3 reading system (CTL). The fre-
quency of PA2024 IFN-g ELISPOTS was expressed as med-
ian spots above background.

For proliferation assays, cells were incubated for 5 days,
pulsed overnight with 0.5 mCi tritiated thymidine (3H)
(Perkin Elmer), harvested, and the amount of 3H incor-
poration then determined by means of a betaplate counter
(Perkin Elmer). The degree of antigen-specific clonal T cell
expansion was expressed as a stimulation index (SI) of the
ratio of 3H incorporation by cells incubated with PA2024
compared with media controls.

Statistical considerations
Prostate-specific antigen kinetics were evaluated by

determining the time from randomization to BF, PSA
velocity, and PSADT. The time to BF was the primary
efficacy endpoint of this study; the null hypothesis was
that there was no difference in time to BF between the
treatment arms. A sensitivity endpoint of BF was carried out
for confirmed BF, defined as a second PSA value � 3.0 ng/
mL obtained no less than two but nomore than four weeks
after the first PSA � 3.0 ng/mL. Secondary endpoints
included PSADT, time from randomization to distant fail-
ure, and overall survival. Immunologic responses using
proliferation and ELISPOT assays were exploratory end-
points.

The study design was based on a sample size of 159
patients with an accrual period of 3 years and a 2-year

follow-up period. This sample size was expected to obtain
108 events, providing 80% power to detect an increase
from 1 year to 1.75 years in median time to BF at the
0.05 level of significance using a 2-sided log-rank test.

Time to event endpoints (BF and distant failure) were
tested between treatment groups using the 2-sided log-
rank test, stratified by Gleason Score and radiation
therapy. Hazard ratios and corresponding 2-sided 95%
confidence intervals for each endpoint were generated
under the stratified Cox regression model. Cumulative
incidence was calculated taking into consideration compet-
ing events prior to the events of interest (14). Competing
events for the primary endpoint of BF included death,
loss to follow-up, withdrawal of consent, or initiation of
an excluded therapy. Median times to events were derived
from the estimated cumulative incidence curves.

PSADT was estimated from PSA velocity, which was the
rate change in the logarithmic scale of PSA by time (slope).
The difference between treatment groups in PSADT or PSA
velocity was tested through comparison of the slope dif-
ference between the groups using amixed-effect model that
included factors of treatment group, time, and treatment by
time interaction, with patient-specific random intercept
and slope. PSA levels below 0.2 were treated as 0.2, and
PSA measurements after the initiation of systemic therapy
were not used. Analyses were carried out based on all data
from randomization, as well as data from randomization
date plus 30 days, plus 60 days, and plus 90 days, to the
initiation of systemic therapy, accounting for the possibi-
lity that immunotherapy may require time to reach peak
effect and to impact PSA kinetics. Because PSA kinetics can
be influenced by testosterone recovery (15–17), and tes-
tosterone recovery varies considerably among patients fol-
lowing a course of hormonal therapy (18, 19), an additional
analysis was conducted excluding PSA values prior to tes-
tosterone recovery (�90% of the baseline value).

To compare the difference in CD54 upregulation
between specific visits, a linear mixed-effect model was
used on log-transformed upregulation ratios. To compare
the difference in immunologic response between treatment
groups at a specific visit, a linear mixed-effect model was
used on log-transformed stimulation indices based on all
available patient visit dates. The model included treatment
group, visit, treatment by visit interaction, and patient (as a
random effect). For the comparison of ELISPOT between
groups, the same mixed-effect model was used to analyze
the rank-transformed data. Due to the small sample sizes
and variation in timing, the Wilcoxon rank-sum test and
exact p-values are reported for treatment comparisons at
boost þ 4 weeks and boost þ 13 weeks.

Two-sided nominal P-values were reported for all statis-
tical tests.

Results

Patient characteristics and disposition
Between July 2001 and July 2005, 208 patients entered

the 3-month run-in period of this study. Of those patients,
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176were randomized, comprising the intent-to-treat popu-
lation; 117 patients were randomized to receive sipuleucel-
T and 59 patients were randomized to receive control.
Baseline characteristics were well-balanced between the
two treatment arms (Table 1). A total of 175 patients
underwent at least one leukapheresis procedure, compris-
ing the safety population. Of the patients included in the
safety population, 172 received at least 1 infusion of
sipuleucel-T or control. Figure 1 presents a schematic of
patient disposition.

Clinical results
The median time to BF was 18.0 months for sipuleucel-T

and 15.4 months for control [HR¼ 0.936, (95% CI: 0.637,
1.376); P ¼ 0.737; Fig. 2A]. In a sensitivity analysis exam-
ining only BF defined by two PSA measurements equal to
or above 3.0 ng/mL, the HR was 0.797 (95% CI: 0.529,
1.202; P ¼ 0.278; Fig. 2B).
Analyses of PSADT were carried out using all PSA

values from randomization until the initiation of sys-
temic therapy for prostate cancer (Fig. 3). To account for

the time required for immune response to take effect
and to allow for testosterone recovery, additional ana-
lyses were conducted that excluded PSA values obtained
at earlier time points in the study (Fig. 3). PSADT
was 34.4% greater in the sipuleucel-T arm compared
with the control arm using PSA values obtained� 90 days
post-randomization (P ¼ 0.046). In the analysis fol-
lowing testosterone recovery, PSADT was 47.6% greater
in the sipuleucel-T arm compared with the control arm
(P ¼ 0.038).

Patients are still being followed for the secondary end-
point of time to distant failure. As of the data cut-off date,
28 patients (15.9%, 28 of 176 patients) had experienced a
distant failure event. With very limited power, the point
estimate for risk of distant failure favored sipuleucel-T but
lacked statistical significance [HR ¼ 0.728 (95% CI: 0.335,
1.582); P ¼ 0.421; Fig. 2C].

Immune parameters
Antigen presenting cell activation in the sipuleucel-T

arm, as measured by CD54 upregulation, was greater at
Week 2 and Week 4, relative to Week 0 (both P < 0.001;
Fig. 4A), which was maintained at boost (P < 0.001). In
patients receiving sipuleucel-T, the median time between
randomization and the booster (n ¼ 49) was 15.4 months
(range from 3.7 to 67.4 months).

Patients on the sipuleucel-T arm showed an increase
in T cell proliferation to the immunizing antigen rela-
tive to patients on the control arm at Weeks 4 and 13
(P < 0.001; Fig. 4B). The median SI for patients on
the sipuleucel-T arm was 131.9 and 118.5 at
Weeks 4 and 13, respectively. When the immune response
was measured using the IFNg ELISPOT assay, a simi-
lar treatment effect was observed at Weeks 4 and 13
(P < 0.001, Fig. 4C). The median number of spots for
patients on the sipuleucel-T arm was 79 and 43 at
Weeks 4 and 13, respectively.

Immune responses were also measured prior to booster
infusion in 10 sipuleucel-T patients and 2 control patients,
as well as post-boost in some of these patients (Fig. 4B and
Fig. 4C). T cell proliferative and ELISPOT responses in the
sipuleucel-T armwere sustained at elevated levels at the pre-
boost time point when compared with control (P ¼ 0.005
and P < 0.001, respectively), a median of 22.6 months
(range 14.3 to 67.3 months) following randomization.
After boosting, T cell proliferative responses appeared to
be maintained, and ELISPOT responses increased in some
patients.

Adverse events
Therapy with sipuleucel-T was generally well tole-

rated. Similar percentages of adverse events were
observed in both treatment groups (95.7% of sipuleu-
cel-T patients versus 94.9% of control patients). The
adverse events observed more frequently (2-fold) in
the sipuleucel-T arm compared with control and
in at least 10% of patients were chills, pyrexia, myalgia,
influenza-like illness, and pain (Table 2). The oral

Table 1. Patient characteristics

Sipuleucel-T
(n ¼ 117)

Control
(n ¼ 59)

Age, years [median
(min, max)]

64 (48,79) 67 (47,78)

Race (n,%)
Caucasian 105 (89.7) 54 (91.5)

African—American 9 (7.7) 3 (5.1)
Hispanic 2 (1.7) 1 (1.7)
Other 1 (0.9) 1 (1.7)

ECOG performance status (n,%)
0 109 (94.8) 57 (98.3)
1 6 (5.2) 1 (1.7)

Gleason score (n,%)
� 6 34 (30.1) 15 (26.3)
� 7 79 (69.9) 42 (73.7)

Prior adjuvant hormone therapy (n,%)
Yes 21 (17.9) 9 (15.3)
No 96 (82.1) 49 (83.1)

Prior radiation therapy (n,%)
None 45 (38.5) 23 (39.0)
Adjuvant 20 (17.1) 8 (13.6)
Salvage 52 (44.4) 28 (47.5)

Median PSA, ng/mL (min, max)
Highest ever 2.3 (0.8, 33.0) 2.3 (0.8, 20.5)
Prior to LHRH-a 2.1 (0.8, 16.9) 2.7 (0.8, 20.5)
Prior to
randomization

0.09
(0.010–1.00)

0.090
(0.010–1.00)

Abbreviations: ECOG, Eastern Cooperative Oncology
Group; LHRH-a, luteinizing hormone-releasing hormone-
analogue; PSA, prostate-specific antigen.
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parasthesias were temporally related to leukapheresis
rather than product infusion. Of the patients reported
to have experienced an adverse event, the majority
(70.7%, 118 of 167 patients) had events with the great-
est severity of Grade 1 or 2. Four deaths have been
reported to date; no death was considered related
to treatment with sipuleucel-T. All deaths occurred
more than one year following the last infusion of sipu-
leucel-T or control. Adverse events observed fol-
lowing the booster infusion in the sipuleucel-T arm
and in at least 10% of the patients were fatigue, chills,
pyrexia, arthralgia, and myalgia, none of which occurred
in control patients receiving the booster infusion.

Adverse events occurred at a lower frequency following
the booster than following the initial treatment
sequence.

Discussion

In this study, the effect of sipuleucel-T on PSA kinetics
was evaluated. The study did not show a statistically sig-
nificant difference in the primary endpoint of time to BF.
There are some important limitations of this endpoint.
First, confirmation was not required. A sensitivity analysis
that examined only confirmed BF events showed a hazard
ratio of 0.797 in favor of sipuleucel-T (P ¼ 0.278). Given

Run-in period
(n = 208)

Randomized
( n =176)

Randomized to sipuleucel-T (n = 117)

Primary endpoint

Randomized to control (n = 59)

Excluded (n = 32)

Did not undergo leukapheresis (n = 1)
Underwent leukapheresis (n = 116)

Experienced biochemical failure (n = 76)

Competing even (n = 22)

Death (n = 0)
Withdrawal of consent† (n = 9)
Lost to follow-up (n = 0)
Re-initiation of hormonal therapy (n = 0)
Non-protocol therapy initialted (n = 13)

Censored** (n = 19)

Primary endpoint

Experienced biochemical failure (n = 41)

Surveillance Period*

Treatment and
Observation Period

Competing event (n = 8)

Death (n = 0)
Withdrawal of consent (n = 1)
Lost to follow-up (n = 0)
Re-initiation of hormonal therapy (n = 0)
Non-protocol therapy initialted (n = 7)

Censored** (n = 10)

Experienced distant failure (n = 17) Experienced distant failure (n = 11)

* This study is closed to enrollment; however, subjects continue to be followed for safety and the secondary endpoints of distant failure and survival

** A subject was classified as having a censored date of BF if a BF had yet to be observed and no competing event had occurred
† Includes withdrawal of consent and patient refusal to return for follow-up visits

Inclusion criteria not met (n = 27)
Withdrew constent (n = 4)
Intercurrent illness (n = 1)

Did not receive sipuleucel-T (n = 3)
Received sipuleucel-T (n = 113)

Received 1 or 2 infusions (n = 4)
Received 3 infusions (n = 109)

Received booster infusion (n = 49)

Did not undergo leukapheresis (n = 0)
Underwent leukapheresis (n = 59)

Did not receive control (n = 0)
Received control (n = 59)

Received 1 or 3 infusions (n = 1)
Received 3 infusions (n = 58)

Received booster infusion (n = 26)

Figure 1. Patient disposition.
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the inherent fluctuations in PSA (20), the requirement for a
confirmatory PSA may have improved the signal-to-noise
ratio. If this point estimate were to represent a true treat-
ment effect, then the trial lacked the statistical power to
detect such a treatment effect.

The primary endpoint, while reasonably selected, was
also arbitrary. There are no data to suggest that reaching
a PSA concentration of 3.0 ng/mL following a brief course
of androgen suppression therapy is or is not predictive
of subsequent development of metastases or cancer-
related death. At the time this study was designed, relatively
little was known about appropriate endpoints in the
setting of PSA-only relapse after radical prostatectomy.
Regrettably, relatively little progress has been made in this
area and the field continues to struggle with the design of
studies in this patient population. One area of marked
progress is the increased understanding of the prognostic
importance of PSA kinetics in general and PSADT speci-
fically. PSADT has been shown to be the single strongest
predictor of prostate cancer related mortality in this
patient population (21–26).

While fully recognizing that PSADT is not a validated
endpoint for clinical trials and to date no studies have
examined the link between treatment-induced alteration
in PSADT and time to disease progression or death,
its prognostic importance makes it a compelling subject
for exploratory analyses. These analyses showed that
PSADT was longer in patients who received sipuleucel-
T, particularly after the effects of testosterone recovery
were no longer confounding the analyses. While we are
not able to definitively link the PSADT prolongation to a
treatment effect, we are encouraged by this finding.
Studies that have established the prognostic importance
of PSADT have largely focused on patients whose
testosterone levels are at steady state. Because PSA
kinetics are affected by early testosterone recovery
(15–17), we believe an analysis after testosterone recov-
ery is likely to be most informative, as previously sug-
gested (27). A delayed effect on PSA kinetics is also
compatible with a delayed treatment effect, as suggested
by the immune response to sipuleucel-T (28–30), as well
as the more robust effects of sipuleucel-T and other
immunotherapies on overall survival relative to the
effects on the more proximal endpoint of disease pro-
gression (9–11, 31, 32).

The median time to distant failure from the time of
PSA elevation following radical prostatectomy has pre-
viously been reported to be approximately 8 years (33).
Because the timing of this analysis was based on the BF
endpoint, only 15.9% of patients had a distant failure
event at the data cutoff date. A trend in favor of the
sipuleucel-T arm was observed and additional follow-
up for this endpoint and for overall survival may be
informative.

To our knowledge, sipuleucel-T is the first autologous
cellular immunotherapy to show an effect on PSA kinetics
in a randomized trial. Treatment of the patients with 3 to
4 months of an LHRH-a immediately prior to sipuleucel-T
treatment may have contributed to the observed prolon-
gation of PSADT in the treatment arm. Recent studies
suggest a potential synergy between androgen deprivation
and immunotherapy (34). Specifically, castration or
androgen deprivation therapy has been shown to induce
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biochemical failure, defined as a PSA value � 3.0 ng/mL, A), confirmed
biochemical failure (sipuleucel-T, 64 events, control 38 events; each
event represents a patient with confirmed biochemical failure, defined
as two PSA values � 3.0 ng/mL taken not less than 2 but not more
than 4 weeks apart, B), and distant failure (sipuleucel-T, 17 events, control
11 events; each event represents a patient reaching distant failure,
defined as radiologic evidence of metastatic lesion, C) of sipuleucel-T
or control patients. Cumulative incidence was calculated considering
competing events (death, loss to follow-up, withdrawal of consent, and
initiation of excluded therapy; denoted by hash marks) prior to event
occurrence. Hazard ratios were generated using stratified Cox regression
model.
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lymphocytosis (35) and increase circulating T and NK
cells in prostate cancer patients (36), induce T cell infil-
tration into prostate cancer tissue (37), and mitigate
tolerance to therapeutic vaccination in a murine model
of prostate cancer (38).

Sipuleucel-T induced robust immune responses to the
immunizing antigen PA2024 relative to control, as mea-
sured by both T cell proliferation and ELISPOT assays.
When APC activation was measured as part of lot release
assessments, there was significant CD54 upregulation
at Week 2, Week 4, and at boost when compared with
Week 0. The increase in APC activation from Week 0 to
subsequent treatments provides evidence of priming
with the first dose, and boosting by subsequent infu-
sions, indicative of the establishment of immunologic
memory. The magnitude of CD54 upregulation at boost,
as well as the levels of T cell responses to the immunizing
antigen prior to boost, indicate that sipuleucel-T gener-
ates a sustained immune response, with measurements
obtained as long as 67.4 months following initial treat-
ment. Although the sample size was small, immune
responses following booster infusions were maintained
and seem to have been augmented in some patients.
Previous studies of sipuleucel-T have shown evidence
of correlations between immune parameters and overall
survival (10,11); in this study, the limited number of
patients with immune response data precluded analyses
correlating the magnitude of immune responses with PSA
kinetics.

The most common treatment-related side effects
observed in patients randomized to sipuleucel-T were

fatigue, chills, and pyrexia. The majority of events were
mild to moderate and only one patient discontinued
therapy as a result of clinical toxicity. These results are
consistent with those seen in the mCRPC population
(10).

In summary, this study showed that treatment with
sipuleucel-T was well tolerated and generated a robust
and sustained immune response, consistent with prime-
boosting and establishment of immunologic memory.
While the primary endpoint was not met, the effect on
PSADT, an important prognostic indicator in ADPC,
suggests the biologic activity of sipuleucel-T in this
population. Given evidence that sipuleucel-T prolongs
survival in men with advanced prostate cancer (9–11),
long-term follow-up for distant failure and survival, as
well as additional studies in this patient population, are
of interest.
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