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Abstract: Metastatic castration-resistant prostate cancer is the lethal form of cancer of the 

prostate. Five new agents that prolong survival in this group have emerged in the past 5 years, 

and sipuleucel-T is among them. Sipuleucel-T is the only immunotherapy shown to improve 

survival in prostate cancer. It is currently indicated in asymptomatic or mildly symptomatic 

patients, as it has never shown a direct cancer effect. This paper describes the process of 

 creating the sipuleucel-T product from the manufacturing and patient aspects. It discusses 

the four  placebo-controlled, randomized clinical trials (RCTs) of sipuleucel-T, focusing on 

survival and adverse events. There are three RCTs in metastatic castration-resistant prostate 

cancer, all of which showed improved overall survival without meaningful decreases in symp-

toms, tumor volumes, or prostate-specific antigen levels. One RCT in castration-sensitive, 

biochemically relapsed prostate cancer attempted to find a decrease in biochemical failure, 

but that endpoint was not reached. Adverse events in all four of these studies centered around 

cytokine release. This paper also reviews a Phase II study of sipuleucel-T given neoadjuvantly 

that speaks to its mechanism of action. Additionally, there is a registry study of sipuleucel-T 

that has been used to evaluate immunological parameters of the product in men 80 years 

of age and men who had previously been treated with palliative radiation. Attempts to find 

early markers of response to sipuleucel-T are described. Further ongoing studies that explore 

the efficacy of sipuleucel-T in combination with immune checkpoint inhibitors and second-

generation hormonal therapies that are summarized. Finally, the only published economic 

analysis of sipuleucel-T is discussed.
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Clinical impact summary for Sipuleucel-T in the treatment of prostate cancer

Outcome measure Evidence Implication

Disease-oriented  
evidence

–  Sipuleucel-T leads to recruitment of 
T-cells to the tumor.

– Sipuleucel-T may increase PSA doubling time.

–  Basic mechanism of 
action.

Patient-oriented  
evidence

–  Sipuleucel-T increases overall survival in 
patients with mCRPC.

–  Sipuleucel-T does not decrease tumor size 
or prolong time to progression.

–  Sipuleucel-T may prolong time to use of 
opiate pain medications.

–  very important outcome 
and led to approval of this 
agent.

–  important because it 
should not be used in 
someone with rapidly 
progressing mCRPC.

–  Very preliminary finding, but 
could suggest some delayed 
effect on the disease.

(Continued)
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Background
Prostate cancer is the most common cancer affecting men. 

It is the second leading cause of cancer-related deaths in 

men, behind lung cancer. In the USA, of the approximately 

1.7 million new cancer cases in men and women expected 

in 2014, roughly 233,000 of these will be prostate cancer.1 

An estimated 29,480 US men and 70,000 European men will 

die from prostate cancer in 2014.1,2

Metastatic castration-resistant prostate cancer (mCRPC) 

is prostate cancer that has spread and no longer responds 

to surgical or medical castration, defined as a serum tes-

tosterone ,50 ng/dL. In this setting, hormone therapies 

that interfere with androgen signaling or further decrease 

circulating androgens can extend survival and decrease the 

volume of prostate cancer, both radiographically and bio-

chemically (prostate-specific antigen [PSA]). In 2011, the 

 COU-AA-301 trial of abiraterone with prednisone versus 

placebo with prednisone in patients with mCRPC previ-

ously treated with docetaxel chemotherapy demonstrated 

improved overall survival of the abiraterone-containing arm 

(14.8 months versus 10.9 months; P,0.001) and increased 

time to PSA progression (10.2 months versus 6.6 months; 

P,0.001), plus improvement in progression-free survival 

(5.6 months versus 3.6 months; P,0.001) and PSA response 

rate (29% versus 6%; P,0.001), defined as a reduction in 

PSA by at least 50%.3 In 2012, the COU-AA-302 study in 

mCRPC chemotherapy-naïve patients also demonstrated 

improvement in overall survival and prostate cancer response 

(updated overall survival 34.7 months on the abiraterone 

arm versus 30.3 months on the placebo arm; P=0.0027).4 

Radiographic progression-free survival was increased on 

the abiraterone arm, where the median was not reached in 

the abiraterone arm versus 8.3 months (P,0.001) on the 

placebo group.5

In 2012, results from the AFFIRM study of enzalutamide 

versus placebo showed a survival benefit and reduction of 

disease burden in men with mCRPC previously treated with 

docetaxel chemotherapy.6 The PREVAIL study, published in 

(Continued)

Outcome measure Evidence Implication

Economic evidence –  A single analysis using the cost  
of sipuleucel-T in US dollars ($140,536)  
and a gain of 0.37 quality-adjusted life years  
determined that there was 96.5% certainty  
it was not cost-effective.

–  The current cost to 
outcomes ratio seen in 
the iMPACT study does 
not support the use of 
sipuleucel-T. if the price goes 
down, or the improvement 
in survival goes up, this may 
be adjusted.

2014, demonstrated improved outcomes in chemotherapy-

naïve mCRPC, including increased overall survival of 

32.4 months in the enzalutamide group versus 30.2 months 

in the placebo group (P,0.001) and an 81% reduced risk of 

radiographic progression on the enzalutamide arm (hazards 

ratio [HR] 0.19, 95% confidence interval [CI] 0.15–0.23; 

P,0.001).7

There are two chemotherapy agents that have demon-

strated improved survival in mCRPC patients, namely doc-

etaxel and cabazitaxel. In 2004, the TAX327 and SWOG9916 

studies showed a survival advantage of docetaxel over 

mitoxantrone in men with mCRPC.8,9 In 2010, the TROPIC 

study demonstrated a survival advantage of cabazitaxel over 

mitoxantrone in men previously treated with docetaxel.10

Radium-223 is a radiopharmaceutical that has demon-

strated improved overall survival relative to placebo, but 

not improved time to PSA or radiographic progression.11 Of 

note, exclusion criteria included visceral metastatic disease 

or lymph nodes greater than 3 cm in the short axis. In this 

study, overall survival was 14 months in the radium-223 

group versus 11.2 months in the placebo group (P=0.002), 

and there was an increased time to first skeletal-related event 

in the radium-223 group of 15.6 months and 9.8 months 

(P,0.001), respectively.

The emergence of five new agents since 2010 that 

improve survival in mCRPC has changed the way clini-

cians view mCRPC. The median survival of mCRPC has 

shifted from 20 months to longer, although it is difficult 

to estimate true life expectancy.12 This review focuses 

on the first of the new agents to emerge, ie, sipuleucel-T 

(Provenge®, Dendreon Corporation, Seattle, WA, USA). 

It describes the treatment process and lays out the clinical 

trials that led to the approval of this agent in the mCRPC 

setting. It also describes a fourth randomized clinical trial 

that took place in the castration-sensitive prostate cancer 

population as well as ongoing Phase II studies to examine 

the efficacy of sipuleucel-T in combination with the other 

agents described above.
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Details of sipuleucel-T treatment
Sipuleucel-T is an autologous cellular immunotherapy 

and the first therapeutic cancer vaccine approved by the 

US Food and Drug Administration (FDA).13 To create the 

vaccine, the patient’s dendritic cells are harvested, loaded 

with a specific antigen ex vivo, and then introduced back 

into the patient to induce an immune response. More 

specifically, antigen-presenting cells (APCs) and other 

peripheral blood mononuclear cells are collected via leu-

kapheresis from the patient’s peripheral blood and sent to 

a central processing facility. There, the APCs are exposed 

to a recombinant fusion protein that functions as a pros-

tate cancer-associated antigen. This recombinant antigen 

consists of two key components. The first is prostatic 

acid phosphatase (PAP). PAP is a phosphatase enzyme 

expressed in more than 95% of prostate adenocarcinomas 

and is highly specific to prostate tissue.14 The second key 

component of the recombinant antigen is the immune cell 

activator, granulocyte macrophage colony stimulating 

factor (GM-CSF). The receptor for GM-CSF is expressed 

broadly on APCs derived from blood and bone marrow.15 

When bound to the APC, GM-CSF stimulates upregulation 

of other key immune function molecules, including cytok-

ines and costimulatory molecules.16 These two components 

combine to form a recombinant fusion protein of PAP-GM-

CSF, known as PA2024.17 This recombinant fusion protein 

is incubated with the patient’s resting APCs for 36–48 

hours, during which time the APCs digest and display part 

of the antigen on their cell surface.18 This results in APC 

maturation. This process is done outside of the patient’s 

body to avoid the immunosuppressive environment cre-

ated by prostate cancer cells inside the body. The matured 

APCs, known as APC8015, comprise the vaccine, which is 

suspended in Lactated Ringer’s solution and subsequently 

delivered to the patient for reinfusion.19

Although the precise mechanism of action is unknown, 

sipuleucel-T is designed to induce a systemic immune 

response against the patient’s prostate cancer cells, which 

express PAP. The PA2024-loaded APCs make up the active 

component of sipuleucel-T. T-cells bind the processed recom-

binant antigen on the surface of the APC. Once bound, the 

T-cell activates circulating T-cell-mediated destruction of 

tumor cells by immunogenic cell death. Recently, a multi-

center Phase II neoadjuvant trial administering sipuleucel-T 

to patients with localized prostate cancer demonstrated a new 

understanding of the drug’s mechanism.20 This early study 

suggests both a systemic antigen-specific T-cell response and 

a local response characterized by recruitment of activated 

effector T-cells directly to tumor tissue. Another proposed 

mechanism includes a concept of antigen spreading. Initially, 

the activated T-cell responds to a specific antigen, in this 

example PAP, and facilitates death of antigen-exposed cells. 

However, the release of additional tumor antigens from the 

lysed cell introduced new antigens for targeting, thus spread-

ing or broadening the antitumor immune response.21

Administration of sipuleucel-T requires careful 

 coordination. The patient undergoes three treatment cycles, 

typically over the course of 4 weeks. Each cycle consists 

of two visits. Early in the week, the patient undergoes 

leukapheresis at an approved cell collection center. Cells 

are sent unfrozen to a central processing facility, matured 

into the final product, suspended in Lactated Ringer’s 

solution for up to 18 hours, and returned to the patient 

3 days later for infusion. This process takes one week. 

A full treatment consists of three cycles. For the studies 

that included a control arm (D9901, D9902A, D9902B/

IMPACT, and PROTECT, as described below), the same 

procedures were followed in the control arm, except that 

PA2024 was omitted.

Clinical trials in metastatic 
castration-resistant prostate cancer
Early evidence of clinical activity for sipuleucel-T was seen 

in a Phase III trial (D9901) published in 2006.22 In this ran-

domized, double-blind, placebo-controlled trial, the immu-

nologic therapy was given to patients with mCRPC. A total 

of 127 patients were enrolled across 19 centers.  Eligible 

patients had an expected survival of at least 3 months, 

Eastern Cooperative Oncology Group status of 0 or 1, and 

positive immunohistochemistry for PAP in at least 25% of 

cells. Prior investigational agents were discontinued at least 

one month before treatment. Participants could not have 

received more than two lines of chemotherapy for prostate 

cancer, and the most recent chemotherapy had to be at least 

3 months prior to the start of sipuleucel-T. Patients were not 

permitted to have visceral disease or a history of pathologic 

fracture in the appendicular skeleton. Radiation therapy 

had to be completed at least one year prior to treatment. 

Patients needing concurrent systemic corticosteroids, those 

who had received prior immunotherapy, and those with pain 

attributable to malignancy were excluded. Patients were 

either surgically castrate or continued on gonadal suppres-

sion with a  luteinizing hormone-releasing hormone agonist 

throughout the trial. Patients were assigned in a 2:1 ratio 

to receive sipuleucel-T or placebo. Treatment was given in 

three separate infusions at weeks 0, 2, and 4. Patients were 
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observed every 8–12 weeks for progression. Using an inten-

tion to treat analysis, the median time to progression, as the 

primary endpoint, was 11.7 weeks in the  sipuleucel-T-treated 

patients and 10.0 weeks in placebo-treated patients, but this 

was not significant (HR 1.45, 95% CI 0.99–2.11; P=0.052). 

However, the median overall survival was 25.9 months in 

sipuleucel-T-treated patients compared with 21.4 months 

for placebo-treated patients, equating to a statistically 

significant 4.5-month improvement in overall survival 

(HR 1.7, 95% CI 1.13–2.56; P=0.01). Adverse events are 

described in Table 1.

Prior to analysis of the results from D9901, a second 

Phase III study of sipuleucel-T versus placebo was started. 

The D9902A study used the same enrolment criteria and 

primary outcome pursuant from the FDA requirement that 

two Phase III studies show efficacy of an agent.23 However, 

results from D9901 returned prior to accrual of D9902A 

showing that the primary endpoint had not been met. There-

fore, D9902A was stopped early. A combined analysis was 

performed using the previous Phase III D9901 trial mentioned 

above and the D9902A trial with the 98 patients already 

accrued. Data collected with the cumulative 225 patients 

demonstrated an improved median survival in those treated 

with sipuleucel-T of 23.2 months versus 18.9 months in the 

placebo-treated group, equating to a 33% reduction in the risk 

of death (HR 1.5, 95% CI 1.1–2.05; P=0.011).23 Importantly, 

there was no improvement in overall survival when just the 

patients on D9902A were examined.

The primary weakness of the D9901 and D9902A stud-

ies is that they did not have overall survival as their primary 

endpoint, rather it was a secondary endpoint. Their primary 

endpoint, progression-free survival, was not significantly 

improved. Furthermore, the D9902A study was terminated 

early, so the data are not interpretable on their own. Instead, 

they are pooled with data from the D9901 study. The base-

line patient characteristics in D9902A appear worse in the 

sipuleucel-T group than in the placebo group, as the patients 

in the sipuleucel-T group had a higher PSA (61.3 ng/mL 

versus 44.0 ng/mL, respectively) and tended to have more 

bone metastases (more than ten lesions in 50.8% versus 

37.5%, respectively). On the other hand, those in the placebo 

group were less likely to have low-grade disease (Gleason 

sum #7) than those in the sipuleucel-T group (51.5% versus 

68.7%, respectively).

To confirm the observed increase in survival, 512 patients 

with mCRPC were enrolled in the double-blind, placebo- 

controlled, multicenter Immunotherapy for Prostate 

Adenocarcinoma Treatment (IMPACT) trial, also known as 

D9902B.24 Initially eligible patients included those with East-

ern Cooperative Oncology Group score of 0 or 1, any Gleason 

score, asymptomatic patients, and progressive disease. How-

ever, after an amendment, patients with mildly symptomatic 

disease were included. Tumor PAP expression was not required. 

Exclusion criteria included visceral metastases, pathologic 

bone fractures, spinal cord compression, and treatment in the 

previous month with systemic glucocorticoids, radiation, sur-

gery, or systemic therapy for prostate cancer, with the exception 

of medical or surgical castration. Patients were randomized in a 

2:1 ratio to sipuleucel-T or placebo and received a total of three 

infusions 2 weeks apart, each 3 days after a leukapheresis pro-

cedure. Patients received serial computed tomography scans, 

nuclear medicine bone scans, and serum PSA measurements 

for evidence of  progression. The results revealed a relative 

reduction in the risk of death of 22% for patients treated with 

sipuleucel-T as compared with placebo (P=0.03). The median 

survival was 25.8 months in the sipuleucel-T-treated patients 

versus 21.7 months in the placebo-treated patients, with an 

Table 1 Adverse events in sipuleucel-T studies that occurred at 
least twice as often in the sipuleucel-T arm in at least one study

Side effect Study Percentage in 
sipuleucel-T 
group  
(grade 3)

Percentage  
in control  
group 
(grade 3)

Chills iMPACT 
D9901/D9902A 
PROTECT

54.1 (1.2) 
57.8 (4.8) 
44.0 (1.7)

12.5 (0) 
7.9 (0) 
10.2 (0)

Pyrexia iMPACT 
D9901/D9902A 
PROTECT

29.3 (0.3) 
32.0 (2.0) 
36.2 (1.7)

13.7 (1.8) 
6.6 (0) 
1.7 (0)

Headache iMPACT 
D9901/D9902A 
PROTECT

16.0 (0.3) 
19.0 (1.4) 
23.3 (0.9)

4.8 (0) 
6.6 (0) 
13.6 (0)

Myalgia iMPACT 
D9901/D9902A 
PROTECT

9.8 (0.6) 
NR 
21.6 (0.9)

4.8 (0) 
NR 
8.5 (0)

Influenza-like  
illness

iMPACT 
D9901/D9902A 
PROTECT

9.8 (0) 
NR 
13.8 (0)

3.6 (0) 
NR 
3.4 (0)

Hypertension iMPACT 
D9901/D9902A 
PROTECT

7.4 (0.6) 
NR 
11.2 (0)

3.0 (0) 
NR 
13.6 (0)

Adverse events reported in only one study
 Pain PROTECT 12.9 (0) 0 (0)
 Groin pain iMPACT 5.0 (0) 2.4 (0)
 vomiting D9901/D9902A 10.9 (0.7) 2.6 (0)
 Dyspnea D9901/D9902A 10.9 (3.4) 2.6 (1.3)
 Asthenia D9901/D9902A 14.3 (0) 3.9 (0)
 Hyperhidrosis iMPACT 5.3 (0) 0.6 (0)

Note: D9901 and D9902A population data are pooled. 
Abbreviations: iMPACT, immunotherapy for Prostate Adenocarcinoma Treatment; 
PROTECT, Provenge Treatment and Early Cancer Treatment; NR, not reported.
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Table 2 Endpoints of Phase iii studies of sipuleucel-T versus placebo

D9901 D9902A IMPACT 
Pre-amendment

IMPACT post-amendment

Study population 
(n = sipuleucel-T/control)

Asymptomatic mCRPC 
(n=82/45)

Asymptomatic mCRPC 
(n=65/33)

Asymptomatic mCRPC 
(n=135/68)

Asymptomatic or minimally 
symptomatic mCRPC 
(n=206/103)

Primary endpoint Time to progression Time to progression Time to progression and  
time to disease-related pain

Overall survival

Secondary endpoints Time to disease-related  
pain, overall survival

Time to disease-related  
pain, overall survival

Time to use of first opiate  
analgesic use

Time to disease progression

Abbreviations: iMPACT, immunotherapy for Prostate Adenocarcinoma Treatment; mCRPC, metastatic castration-resistant prostate cancer.

estimated 4.1-month improvement in overall survival (P=0.03). 

As in the D9901 and D9902A trials, there was no observed 

statistically significant difference in time to progression of 

disease. Adverse events are presented in Table 1. Based on 

these data, sipuleucel-T was approved by the FDA in 2010.13

Huber et al examined unpublished data from the 

sipuleucel-T trials that were released by the FDA.25 Using 

this information, they wrote a critique of the IMPACT study 

suggesting that sipuleucel-T was ineffective. They argued 

that the difference in overall survival on the placebo arm of 

IMPACT for men aged ,65 years and 65 years was dubi-

ous, with median survival of 28.2 months and 17.2 months, 

respectively. Specifically, they argued that the 17.2-month 

survival for men aged 65 years was much shorter than 

would be expected. They attempted to find published clini-

cal trials in patients similar to those enrolled in IMPACT. 

Since the enrolment criteria for IMPACT were fairly 

restrictive, they were unable to find studies that adequately 

reflected the IMPACT population, but they found some 

post hoc analyses where some participants did, namely 

from the GVAX and TAX327 studies.26,27 The subgroups 

in these studies were similarly asymptomatic or minimally 

symptomatic, but Huber et al did not subdivide by age. 

In the placebo group of these subsets, survival was much 

longer than 17.2 months, namely 27.1 months in the GVAX 

placebo group and 25.6 months for all minimally symptom-

atic patients in TAX327. They maintained that survival in 

men aged 65 years in IMPACT was much lower than it 

should have been, and posited that the control arm could 

have been harmful to those aged 65 years. The authors 

suggested that patients in the control arms were rendered 

immunosuppressed by three leukophereses and reinfusion 

of only a fraction of their mononuclear cells.

The authors of the IMPACT study issued a rebuttal28 

addressing each of the three points in the paper by Huber 

et al. They argued that the difference in survival in the 

placebo group between men aged ,65 years and those aged 

65 years is expected. They did not feel that the subgroups 

analyzed from the GVAX and TAX327 trials were  comparable 

with those of the IMPACT study. With regard to the third 

point, Kantoff states that leukopheresis removes only a small 

portion of mononuclear blood cells and that this number 

should not negatively affect a man’s immune  function.28 

They point out that healthy volunteers who underwent serial 

leukophereses did not have a “meaningful” decrease in their 

leukocyte values and were able to mount a normal immune 

response.

In summary, an improvement in the endpoint of overall 

survival was demonstrated in three separate randomized 

clinical trials with sipuleucel-T versus control for men with 

mCRPC. However, there was no improvement in progres-

sion of disease. At this time, there are no surrogate endpoints 

for survival, which makes designing trials of sipuleucel-T 

challenging (see Tables 2 and 3 for details). Several trials are 

underway to examine the impact of combining sipuleucel-T 

with other active agents (Table 4).

Additional endpoints: time  
to disease-related pain and time  
to first opioid analgesic
Small et al examined time to symptomatic progression in 

the D9901, D9902A, and IMPACT studies in a post hoc 

fashion using measurements of time to disease-related 

pain (TDRP) and time to first opioid analgesic (TFOA).29 

In all three randomized controlled studies of sipuleucel-T 

versus placebo, patients maintained pain diaries that were 

collected and reviewed by blinded reviewers. Patients in the 

D9901 and D9902A studies included only asymptomatic 

patients and used TDRP as a secondary endpoint. Initially, 

the IMPACT study included only asymptomatic patients 

and used TDRP as a coprimary endpoint. However, an 

amendment expanded inclusion to those with minimally 

symptomatic disease, which made TDRP incompatible with 

the study.  Symptomatic disease progression was an a priori 
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Table 3 Clinical endpoints used in randomized, placebo-controlled 
studies of sipuleucel-T

Studies Significant?

Clinical endpoints
  Progression-free  

survival
iMPACT (primary) 
D9901 (secondary) 
D9902A (secondary) 
D9901 + D9902A

No 
No 
No 
No

 Overall survival iMPACT (primary) 
D9901 (secondary) 
D9902A (secondary) 
D9901 + D9902A

Yes 
Yes 
No 
Yes

  Radiographic  
response rates

iMPACT (primary) 
D9901 (secondary) 
D9902A (secondary) 
D9901 + D9902A

No 
No 
No 
No

  Time to biochemical  
failure

PROTECT (primary) No

Abbreviations: iMPACT, immunotherapy for Prostate Adenocarcinoma Treatment; 
PROTECT, Provenge Treatment and Early Cancer Treatment.

endpoint in the D9901 and D9902A studies. In fact, pooling 

these data from the two studies was also prespecified, but 

the D9902A study was closed early, so did not contribute 

enough to that dataset. Furthermore, collection of these 

endpoints ended 4 weeks after subjects experienced pro-

gressive disease in the D9901 and D9902A studies. Prior 

to an amendment, these data were collected in the IMPACT 

study until disease-related pain occurred. Subjects who had 

not developed disease-related pain by the time data col-

lection ended were censored from the analysis. Therefore, 

the majority of patients had their data censored: for TDRP, 

sipuleucel-T (51.4%) and control (48.6%); for TFOA, 

sipuleucel-T (68.6%) and control (65.1%). Despite the high 

rate of censoring, this analysis revealed that sipuleucel-T 

prolonged TFOA relative to control, where median TFOA 

for the sipuleucel-T arm was 12.6 months (95% CI 9.3, not 

reached) and the control arm was 9.7 months (95% CI 6.0, 

not estimable), (HR 0.755, 95% CI, 0.579–0.985). TDRP 

was not significantly changed.

Phase IV analyses: PROCEED
A Phase IV registry (PROCEED) has been established 

by the manufacturer of sipuleucel-T to examine patient 

characteristics and product parameters for patients treated 

with sipuleucel-T. Specific product parameters include 

total nucleated cell count, antigen-presenting cell (APC) 

count, and APC activation. APCs are defined as large cells 

expressing CD54, while activation is a measure of CD54 

upregulation and is felt to represent product potency. Using 

PROCEED, the product parameters were examined in men 

aged 80 years and men previously treated using radia-

tion therapy with palliative intent.30,31 For men aged 80 

years, product parameters were similar to those for men 

aged ,80 years. For men treated with palliative radiation 

therapy, total nucleated cell counts and APC activation 

were lower than for those who had not received radiation 

therapy, but APC counts were comparable. These data are 

exploratory.

Investigations to find markers  
of response to therapy
Predictive markers for response to sipuleucel-T are needed. 

McNeel et al recently reported that an elevation of eosino-

phils at 6 weeks after treatment with sipuleucel-T correlates 

with increased survival.32 They used integrated data from 

737 patients enrolled in IMPACT, D9901, or D9902A. Of 

these, 377 patients (51%) had a baseline eosinophil count 

and at least one post-baseline count. Twenty-eight percent of 

these patients had elevated eosinophil counts during treatment 

with sipuleucel-T, which was defined as an eosinophil count 

that was normal at baseline and increased to more than the 

upper limit of normal at any other time point within weeks 

2–16, or the eosinophil count remained normal at subsequent 

measurement but had increased within the normal range to the 

top quartile (calculated to be an increase of .0.36×103/mL) 

among those measured. In those with eosinophilia, the 

eosinophilia correlated significantly with the product param-

eters of APC and total nucleated cell count. On a patient out-

come level, eosinophilia correlated positively with prostate 

cancer-specific survival (HR 0.713, 95% CI 0.525–0.970, 

P=0.031). A trend towards improved overall survival with 

eosinophilia was also detected (HR 0.859, 95% CI 0.563–

1.008, P=0.057).

The phenomenon of antigen spreading involves devel-

opment of a T-cell response to antigens other than those 

contained within the vaccine.21 Although the only anti-

gen incorporated into sipuleucel-T is PAP, some patients 

develop antibodies to antigens other than PAP.33 Drake et al 

used samples collected for the IMPACT study to measure 

post-treatment immunoglobulin levels that could relate to 

the development of many antigens, not just PAP.33 They 

correlated overall survival with the development of antigen 

spreading. Using 133 patients (93 from the sipuleucel-T 

group and 40 from the control group), they found that 

development of immunity to at least two antigens conferred 

an improvement in overall survival. GuhaThakura et al 

found a similar result using data from the ProACT study 

(NCT00715078).34
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Table 4 Ongoing interventional studies with sipuleucel-T

Study n Study design/endpoints NCT identifier

Sipuleucel-T with or without radiation therapy  
in treating patients with hormone-resistant  
metastatic prostate cancer

50 Phase ii randomized study/feasibility (primary) 
immune response and safety (secondary)

NCT01807065

Radiation therapy in treating patients with  
metastatic hormone-resistant prostate cancer  
receiving sipuleucel-T

15 Single-arm Phase ii study 
immune response (primary) 
Safety and clinical response (secondary)

NCT01833208

Sipuleucel-T with or without tasquinimod in  
treating patients with metastatic hormone-resistant  
prostate cancer

60 Phase ii randomized study/immune response  
and clinical response (primary and secondary)

NCT02159950

Phase ii study of sipuleucel-T and indoximod  
for patients with refractory metastatic  
prostate cancer

50 Phase ii randomized (sipuleucel-T + indoximod  
versus indoximod alone) 
immune response (primary) 
Clinical response (secondary)

NCT01560923

Randomized Phase ii trial of combining  
sipuleucel-T with immediate versus delayed  
CTLA-4 blockade for prostate cancer

54 Phase ii randomized 
immune response and safety (primary) 
Clinical response (secondary)

NCT01804465

Sipuleucel-T, CT-011, and cyclophosphamide  
for advanced prostate cancer

57 Phase ii randomized – three arms: sipuleucel-T,  
sipuleucel-T + CT-011 (PD-1 antibody), sipuleucel-T +  
CT-011 + cyclophosphamide 
Feasibility (primary) 
Clinical outcomes (secondary)

NCT01420965

Provenge with or without pTvG-HP  
DNA booster vaccine in prostate cancer

30 Phase ii randomized to sipuleucel-T with or without  
pTvG-HP DNA booster vaccine 
immune responses (primary) 
Clinical responses (secondary)

NCT01706458

Biological therapy with or without vaccine  
therapy in treating patients with metastatic  
hormone-resistant prostate cancer 

80 Phase ii randomized to sipuleucel-T or sipuleucel-T  
followed by glycosylated recombinant human interleukin-7 
immune response (primary) 
immune responses, safety and clinical response (secondary)

NCT01881867

Notes: These studies have similar populations, ie, metastatic castration-resistant prostate cancer without immunosuppression. Prior chemotherapy permitted if given over 
3 months prior to sipuleucel-T treatment.

Clinical trials in castration-sensitive 
prostate cancer
In 2011, Beer et al published the results of the Provenge 

Treatment and Early Cancer Treatment (PROTECT) study 

 examining sipuleucel-T in biochemically relapsed (BCR) 

patients.35 Patients must have been between 3 months 

and 10 years of their radical prostatectomy. Any Gleason 

grade was acceptable provided the biochemical relapse 

occurred within 2 years of prostatectomy. A higher grade 

(7) was required if the relapsed occurred .2 years after 

 prostatectomy. Prior luteinizing hormone-releasing hormone 

agonist therapy, adjuvant or salvage radiation therapy, and 

nonsteroidal antiandrogen therapy for BCR were permitted 

provided that the patient did not have a rising PSA while 

on androgen suppression therapy, ie, castration-resistant 

disease, and at least 6 months had elapsed since the last 

effective date of androgen suppression therapy. BCR was 

defined as a PSA .3 ng/mL, but not higher than 20 ng/mL. 

If previous androgen suppression therapy for BCR had been 

used, the PSA must have been .3 ng/mL and 25% higher 

than the nadir on androgen suppression therapy at the time 

of enrolment.

Patients were randomized 2:1 to sipuleucel-T versus 

control if their PSA decreased to ,1 ng/dL after 3–4 months 

of luteinizing hormone-releasing hormone agonist therapy. 

The intention to treat analysis was based on those patients 

whose PSA value decreased as defined above and included 

117 patients on the sipuleucel-T arm and 59 patients on the 

control arm. Treatment for the sipuleucel-T patients was as 

described in the Details of sipuleucel-T treatment section. 

The primary endpoint of this study was time to biochemical 

failure, as defined by time to PSA 3 ng/mL. This study did 

not require a confirmatory PSA. PSA was checked at screen-

ing, week -1, week 0 (first infusion), weeks 2, 13, and 26, and 

every 3 months until development of metastatic disease.

The median time to biochemical failure was 18.0 months 

in the sipuleucel-T arm versus 15.4 months in the control arm 

(HR 0.936, 95% CI 0.637–1.376). A secondary endpoint was 

the effect of sipuleucel-T on PSA doubling time (PSADT), 

for which all PSA values from randomization to initiation of 
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systemic therapy were used. Since recovery of testosterone 

takes time, a later analysis excluded PSA values 90 days 

after randomization, and showed an increase of PSADT 

in the sipuleucel-T group by 34.4% relative to the control 

group (P=0.046). When only PSA levels after confirmation 

of testosterone recovery were used, PSADT was 47.6% 

greater in the sipuleucel-T group (P=0.038). Additional 

analysis confirmed that activation of APC was greater in the 

sipuleucel-T-treated group after each treatment.

Sipuleucel-T was well tolerated, with no deaths related to 

treatment. Discontinuations were not reported. As with other 

studies, adverse events more common in the sipuleucel-T 

arm were chills, fever, myalgia, influenza-like symptoms, 

and pain. The adverse event associated with leukopheresis 

was oral paresthesia (see Table 1 for more details). 

The chief weakness of this study is that despite having 

a PSA-based endpoint, there was no confirmatory PSA 

result required. A confirmatory PSA would have helped to 

establish a true PSA response or failure since PSA values 

can  fluctuate. The study was small and may not have been 

powered to detect a small difference in median time to 

biochemical failure. A companion publication reviewed the 

quality of life results.36 The instruments used included the 

Brief Fatigue Inventory, Linear Analog Self-Assessment 

Scale, Global Rating of Change, and a symptom checklist 

developed specifically for this study.37–39 The first three 

instruments are prospectively validated. Assessments were 

made at week -13 and/or -7 (during treatment with androgen 

suppression therapy or AST), plus at weeks -1, 13, and 26. 

Importantly, since information regarding quality of life 

began weeks prior to treatment with sipuleucel-T, scores 

often reflected treatment with AST rather than treatment with 

sipuleucel-T. As expected, there was some improvement 

in quality of life scores once testosterone recovered. There 

was no difference in quality of life between the sipuleucel-T 

and control groups, but this analysis was post hoc and not 

powered for quality of life outcomes.

Study of neoadjuvant sipuleucel-T
In the NEOadjuvant Active Cellular immunotherapy 

 (NeoACT) study, 42 patients with localized, treatment-naive 

prostate cancer were enrolled in a study of sipuleucel-T 

prior to radical prostatectomy.20 In this single-arm Phase II 

study, patients received the usual treatment with sipuleucel-

T, namely three courses of leukopheresis, treatment of their 

white cells ex vivo, and reinfusion back into the patient. 

This study was done to characterize the immune infiltrate in 

prostate cancer before and after treatment with sipuleucel-T, 

and not to look at patient-specific outcomes. It was powered 

to detect a 2-fold increase in CD3+ T-cell count between the 

pretreatment biopsy and radical prostatectomy tissue.

Of the 42 patients, one never received sipuleucel-T, 

38 received all three treatments with sipuleucel-T, 

and three received only two treatments. Post-radical prostate-

ctomy, three patients withdrew consent and one was lost to 

follow-up. Therefore, only 37 patients were evaluable.

Investigators examined three types of prostate tissue 

in the radical prostatectomy specimen, namely benign 

glands, the tumor interface, and the tumor center. At the 

tumor interface, they found a more than 3-fold increase in 

infiltrating CD3+ cells, CD4+ FOXP3- (T helper) cells, 

and CD8+ T-cells at the tumor interface in radical prostate-

ctomy specimens relative to the pretreatment biopsy tissue 

(binomial proportions, all P,0.001). Infiltrating T-cells 

were mostly activated, as evidenced by PD-1+ and Ki-67+. 

Interferon-gamma (IFNγ ELISPOT) responses to PAP2024 

and CD4 T permeation were significantly increased in tumor 

tissues compared to benign tissue. Compared with the 

sipuleucel-T group, the control group had no upregulation 

of T-cell subsets.

Investigators also compared radical prostatectomy speci-

mens from those treated neoadjuvantly using sipuleucel-T 

with control tissues from patients who had not received any 

systemic therapy preoperatively and had their radical pros-

tatectomy during the same period as those who did participate 

in the study. The investigators used Cancer of the Prostate 

Risk Assessment criteria to determine the distribution of 

risk in the study participants and chose control samples that 

mirrored that distribution.

Examination of peripheral blood mononuclear cells 

revealed a significant change in antigen-specific T-cell 

circulation at 12 weeks post-radical prostatectomy relative 

to baseline. Changes in IFNγ ELISPOT for PA2024 from 

baseline to 12 weeks post-radical prostatectomy was also 

significantly increased, but IFNγ ELISPOT for PAP was only 

significant for baseline to pre-radical prostatectomy.

Safety of sipuleucel-T
All four randomized clinical trials of sipuleucel-T versus 

control showed that sipuleucel-T was well tolerated. The 

adverse events that occurred more frequently in patients on 

sipuleucel-T are those that involved cytokine release. Table 1 

shows the side effects that occurred at least twice as often in 

the sipuleucel-T arm relative to placebo. None of the studies 

reported a high rate of patient discontinuation. Grade 3 

events were rare.
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Economic analysis
There is one published economic analysis of  sipuleucel-T.40 

Researchers used a Markov model and the results of the 

IMPACT study. They understood that sipuleucel-T therapy 

does not impact progression-free survival or lead to a 

decreased volume of cancer and that the IMPACT study 

did not measure quality of life. Therefore, their outcomes 

were survival and death. Using the cost of sipuleucel-T in 

US dollars ($140,536) and a gain of 0.37 quality-adjusted 

life years, the analysis determined there was 96.5% certainty 

that it was not cost-effective.

This analysis compared sipuleucel-T with docetaxel, 

which has been shown to be cost-effective.40 However, it did 

not consider the other new therapies, namely enzalutamide, 

abiraterone, cabazitaxel, and radium-223.

Future directions
There have been several clinical trials examining the effect of 

sipuleucel-T in combination with other agents. One randomized 

Phase II study (NCT01487863) examined the effect of combin-

ing abiraterone plus prednisone with sipuleucel-T, concurrently 

or sequentially.41 Patients were randomized 1:1 to sipuleucel-T 

with up to 26 weeks of abiraterone with prednisone starting 

one day after the first of three sipuleucel-T infusions or to 

abiraterone starting 10 weeks after the first of three infusions. 

There were 31 patients on the first arm and 32 patients on the 

second arm. Although prednisone can be an immunosuppres-

sant, there were no significant changes in product parameters. 

Patient outcomes were not revealed in this interim analysis.

Another randomized Phase II study is examining the 

combination of sipuleucel-T with concurrent or sequential 

enzalutamide (NCT01981122). Quinn et al presented an 

abstract describing good sipuleucel-T product parameters 

produced in men on enzalutamide.42 Again, the outcomes 

of the 22 enrolled patients were not presented.

Finally, there is interest in combining sipuleucel-T with 

an immune checkpoint inhibitor, such as an antibody to PD-1 

or CTLA-4.43 Theoretically, combining an agent that aids in 

antigen presentation with one that unlocks T-cell function 

should be clinically active. Studies still enrolling subjects 

are presented in Table 4.

Conclusion
Sipuleucel-T studies illuminate the challenges of defining study 

endpoints for immunotherapeutic agents. Overall survival is a 

concrete endpoint with clear importance, and treatment with 

sipuleucel-T has shown significant improvement in overall sur-

vival in three randomized clinical trials in mCRPC. However, 

studies with sipuleucel-T have failed to show improvement 

in disease-specific realms, namely disease response (PSA or 

radiographic) and time to  progression. While these endpoints 

do not meet the importance of overall survival, they are impor-

tant to patients and providers, particularly when the patient’s 

prostate cancer threaten his quality of life. Therefore, patient 

selection is essential and should follow that of the IMPACT 

study, where only patients with asymptomatic or minimally 

symptomatic prostate cancer were enrolled.
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