
© 2011 Olson and McNeel, publisher and licensee Dove Medical Press Ltd. This is an Open Access 
article which permits unrestricted noncommercial use, provided the original work is properly cited.

Open Access Journal of Urology 2011:3 49–60

Open Access Journal of Urology Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
49

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

DOI:10.2147/OAJU.S13069

Sipuleucel-T: immunotherapy for advanced 
prostate cancer

Brian M Olson
Douglas G McNeel
University of wisconsin Carbone 
Cancer Center, University of 
wisconsin-Madison, Madison, wi, USA

Correspondence: Douglas G McNeel 
7007 wisconsin institutes for Medical 
Research, 1111 Highland Avenue, 
Madison, wi 53705, USA 
Tel +1 608 265 8131 
Fax +1 608 265 0614 
email dm3@medicine.wisc.edu

Abstract: Prostate cancer continues to be one of the most serious afflictions of men of advanced 

age, remaining the most commonly diagnosed and second leading cause of cancer-related deaths 

in American men. The treatment options for patients with incurable metastatic, castrate-resistant 

disease have long focused on various chemotherapeutic approaches, which provide a slight 

survival benefit while being associated with potentially significant side effects. However, the 

recent approval of sipuleucel-T has given patients with advanced disease an additional treatment 

option that has demonstrated benefit without the side effects associated with chemotherapy. 

Sipuleucel-T is an antigen-presenting cell-based active immunotherapy that utilizes a patient’s 

own immune cells, presumably to activate an antigen-specific immune response against tumor 

cells. This review focuses on the development and implementation of sipuleucel-T as a therapy 

for prostate cancer. Specifically, we present some of the issues associated with the management of 

advanced prostate cancer, the research and development that led to the approval of sipuleucel-T, 

how the approval of sipuleucel-T could change the clinical management of prostate cancer, and 

current and future areas of investigation that are being pursued with regard to sipuleucel-T and 

other treatments for advanced prostate cancer.

Keywords: sipuleucel-T, prostatic acid phosphatase, granulocyte-macrophage colony-

 stimulating factor

Management of advanced prostate cancer
Prostate cancer is one of the most widespread afflictions in men of advanced age, 

remaining the most commonly diagnosed and second leading cause of cancer-related 

death in American men.1 Most of these tumors are diagnosed as organ-confined, 

androgen-dependent malignancies, and are commonly treated by surgical removal of the 

prostate or by radiation therapy. This treatment is curative for the majority of patients, 

but approximately one-third of patients will experience biochemical  recurrence of 

disease, as measured by increases in the serum prostate-specific antigen (PSA) marker, 

within 10 years.2–4 Ultimately this will lead to radiographically detectable metastases, 

most often to sites in bone and lymph nodes which is typically treated with androgen 

deprivation. Patients who develop metastatic disease have a median survival of 3–7 

years.2,4 Unfortunately, following androgen deprivation the disease typically recurs 

as castrate-resistant prostate cancer, which is the lethal phenotype of the disease.4–6 

Castrate-resistant, metastatic prostate cancer is incurable, with patients eventually 

succumbing to their disease after approximately 12–24 months.

Mitoxantrone (a chemotherapeutic agent that inhibits type II topoisomerase and 

results in disrupted DNA synthesis and repair) was the first therapy approved by the 
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US Food and Drug Administration (FDA) for the treatment 

of patients with castrate-resistant, metastatic disease. 

However, mitoxantrone was approved based on its ability 

to reduce the pain associated with bone metastasis and its 

ability to improve the quality of life of men with advanced 

disease, but it was not found to prolong overall survival in 

men receiving the drug versus those receiving best supportive 

care.7–9 It was not until the development of the taxanes, 

a class of chemotherapeutic agents targeting microtubule 

formation, that any chemotherapeutic regimen was clearly 

demonstrated to provide a survival benefit to patients with 

metastatic, castrate-resistant disease. In 2004, the results of 

two Phase III trials evaluating the taxane docetaxel, showed 

that patients receiving this chemotherapy had a median 

survival of slightly more than two months longer than those 

receiving mitoxantrone.10,11 This led docetaxel to become 

the first-line standard of care for patients with symptomatic, 

castrate-resistant, metastatic disease.

Until 2010, there were no standard second-line treat-

ments for patients whose disease had progressed follow-

ing docetaxel treatment, although mitoxantrone, with 

its demonstration of disease palliation, was often used. 

Cabazitaxel (another of the taxane class of chemotherapy) 

was recently FDA-approved in this setting following the 

results of a large randomized trial demonstrating a survival 

benefit of approximately 2.4 months over those treated with 

mitoxantrone.12 Of note, the mortality rate within 30 days 

of treatment with cabazitaxel was 5%, mostly attributed 

to neutropenia and its consequences, underscoring the 

potential toxicities of chemotherapy agents in this stage of 

disease.12 Many other agents are in development, including 

novel androgen synthesis inhibitors (such as abiraterone 

and TAK-700) and androgen receptor antagonists (such as 

MDV-3100). At the 2010 meeting of the European Society 

for Medical Oncology, the interim results of a Phase III trial 

evaluating abiraterone (a CYP17 inhibitor) versus predni-

sone were released.13 In the same setting of patients with 

docetaxel-resistant, castrate-resistant, metastatic prostate 

cancer, this agent demonstrated an improvement in overall 

survival of over four months, as well as superior outcomes 

for time to progression and disease response. The trial was 

closed early, and FDA approval is currently being sought. 

The development, and possible approval, of agents such as 

abiraterone will certainly challenge the use of agents with 

greater toxicity, such as cabazitaxel, and will present new 

challenges with regard to the timing and sequencing of all 

available treatments for patients with advanced disease.

Prostate cancer immunotherapy
The ability of the immune system to recognize and eliminate 

tumor cells was first recognized more than a century ago 

by Paul Ehrlich, and later revived by the work of Thomas 

and  Burnet half a century later.14–16 While their “immune 

surveillance hypothesis” has undergone considerable 

 evolution as our understanding of the immune system and 

cancer biology has grown, research has shown that the 

immune system has the capability to recognize and  possibly 

protect individuals from tumor growth. This immune 

recognition of tumors is often manifested by pre-existing 

immune responses in patients with cancer to particular 

tumor antigens expressed by tumor cells, enhanced prognosis 

and overall survival of patients with tumors that are highly 

infiltrated by lymphocytes, and in some exceptionally rare 

cases, spontaneous tumor regression mediated by the immune 

system.17–25

The prostate has been shown to be a potentially 

immunogenic tissue, being predisposed to prostatitis, a 

syndrome of pelvic pain which has been suggested to be in 

part mediated by an autoimmune response to prostate tissue 

antigens.26,27 Furthermore, this immunologic recognition of 

the prostate is also found in the context of malignant disease. 

For example, one of the earliest premalignant lesions 

of the prostate, (ie, proliferative inflammatory atrophy),  

is characterized by lymphocytic infiltrates.28 Moreover, 

tumor-infiltrating lymphocytes can be detected in prostate 

tumors, and increased tumor-infiltrating lymphocytes have 

been shown to correlate with a decreased rate of prostate 

cancer recurrence.25 Work has also shown that patients 

with prostate cancer commonly have pre-existing immune 

responses to many different prostate antigens, such as 

PSA,22 prostatic acid phosphatase (PAP),22,29,30 prostate-

specific membrane antigen,30 the androgen receptor,31 

and several others.18,32 Additionally, prostate-specif ic 

immune responses can actually be enhanced by current 

prostate cancer therapies, including androgen deprivation 

therapy, which has been shown to induce prostate-specific 

infiltration of activated T cells and other immune cells, as 

well as enhancing prostate-directed immunotherapies.33–36 

In addition, because prostate cancer has a long natural 

history, often with more than a decade between initial 

diagnosis and end-stage disease, there is a large window of 

time for potential immunotherapeutic intervention, leading 

several groups to become interested in harnessing prostate 

tumor immunity and focusing on it to generate an antitumor 

immune response.
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The principle of cancer vaccines is to use an antigen-

containing vector (or the antigen itself) to activate an immune 

response against protein epitope/s expressed and displayed by 

tumor cells. These vaccines predominantly focus on activating 

CD8+ T cells, which have the capability to recognize and lyse 

tumor cells directly. To activate these CD8+ T cells efficiently, 

tumor cell-derived epitopes must be presented by major 

histocompatibility complex molecules on the surface of 

antigen-presenting cells. Some vaccines rely on delivering the 

actual antigen of interest to patients, such as in the form of a 

recombinant protein or peptide. An example of these types of 

vaccines include peptide vaccines targeting PSA or multiple 

peptides based on an individual’s peptide-specific reactivity, 

or protein vaccines such as those targeting  NY-ESO-1.7,37–39 

An alternative to delivering the antigen itself is to use a vector 

to induce expression of the antigen in the host, such as genetic 

vaccines using viruses, bacteria, or DNA alone encoding the 

antigen.40–43 These vectors introduce the antigen to the host, 

where endogenous antigen-presenting cells can take up the 

vector and drive expression of the encoded antigen and dis-

play antigen-derived epitopes to T cells. An example of one 

such vaccine is Prostvac™, a vaccinia-based and fowlpox-

based vaccine that targets PSA. The Prostvac vaccine recently 

completed a Phase II clinical trial in men with minimally 

symptomatic metastatic, castrate-resistant prostate cancer, in 

which Prostvac was found not to meet its primary endpoint 

of an increase in time to disease progression, but did show 

an increase in overall survival of approximately 8.5 months 

compared with the placebo arm.44

An alternative approach to targeting one particular anti-

gen is to target any and all antigens displayed by tumor cells, 

which is the approach taken by antigen-nonspecific vaccines. 

An example of an antigen-nonspecific vaccine for prostate 

cancer is GVAX®, which is composed of two irradiated 

prostate cancer cell lines that have been genetically modi-

fied to secrete granulocyte-macrophage colony-stimulating 

factor (GM-CSF), an immunostimulatory cytokine.45,46 This 

vaccine was evaluated in two randomized Phase III clinical 

trials, the first (VITAL 1) evaluating GVAX versus docetaxel 

alone and the second (VITAL 2) studying the combination 

of GVAX and docetaxel versus docetaxel alone. However, 

before these trials could be completed, the Independent 

Data Monitoring Committee conducted a routine safety 

review of the VITAL 2 trial, which found that patients 

receiving GVAX and docetaxel had a higher rate of death 

than those receiving docetaxel alone.47,48 Based on these 

results, the VITAL 2 trial was closed, and a subsequent 

futility analysis of the VITAL 1 trial led to its closure as  

well.

Although both GVAX and Prostvac have been studied in 

advanced, randomized clinical trials, both vaccines require 

additional processing of the vector once delivered to the host. 

For CD8+ T-cell activation, vaccines such as Prostvac rely on 

host antigen-presenting cells taking up the viral vector and 

expressing the encoded antigen, or via cross-presentation by 

infected bystander cells. An alternative approach to activate 

CD8+ T cells more directly is to deliver antigen-presenting 

cells that have been preloaded with a tumor antigen. Early 

studies in prostate cancer focused on delivering antigen-

presenting cells that had been pulsed with peptides derived 

from prostate-specific membrane antigen, an approach that 

showed some promise in early clinical trials in patients with 

castrate-resistant, metastatic disease.9,49 While this specific 

vaccine was not pursued in later-stage clinical trials, it helped 

set the stage for studies evaluating sipuleucel-T (Provenge®, 

Dendreon Corporation, Seattle, WA), an antigen-presenting 

cell-based active immunotherapy targeting PAP.

Sipuleucel-T: preclinical  
and clinical evaluation
Sipuleucel-T is an antigen-specific vaccine targeting PAP, 

an antigen expressed by nearly all (about 95%) of prostate 

tumors. PAP is commonly recognized in prostate cancer 

patients, and T cells specific for PAP have been shown to have 

the ability to lyse prostate tumor cells.10,50  Furthermore, PAP 

has been targeted using several different vaccine approaches, 

including DNA vaccines and peptide vaccines.42,51–55 

Sipuleucel-T is an autologous antigen-presenting cell-based 

active immunotherapy, composed of autologous peripheral 

blood mononuclear cells isolated from prostate cancer 

patients that are cultured for 36–44 hours with PA2024, a 

recombinant fusion protein composed of PAP linked to GM-

CSF. Following culture with this fusion protein, these cells 

are then infused intravenously into the same patient.56 The 

proposed mechanism of action is that these PA2024-pulsed 

antigen-presenting cells then present PAP-derived epitopes 

to the patient’s immune system, which activate PAP-specific 

cytolytic T-cell immune responses that can recognize and lyse 

prostate tumor cells.

PAP-GM-CSF-loaded antigen-presenting cell vaccines 

were first studied in the Copenhagen rat, given that rat PAP is 

nearly 80% homologous with human PAP. In this study, the 

authors evaluated several PAP-based immunotherapies, 

ie, PAP protein alone, the PAP-GM-CSF fusion protein, 
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 dendritic cells pulsed with either PAP or the PAP-GM-CSF 

fusion protein, or a combination of the PAP-GM-CSF fusion 

protein given along with the dendritic cell fusion protein-

pulsed vaccine. In these studies, they found that while the 

two protein approaches were effective at inducing antibody 

responses, only the delivery of the PAP-GM-CSF-pulsed den-

dritic cell vaccine-induced prostatitis, which the authors used 

as a measure of “tumoricidal potency”.57 Furthermore, they 

found that CD4+ T cells (and not CD8+ T cells) from immu-

nized animals could inhibit the proliferation of syngeneic 

prostate tumor cells.57 While these preclinical studies did 

not evaluate the ability of this immunotherapy approach to 

alter tumor growth in vivo, they did provide the rationale for 

evaluating this therapy in a Phase I clinical trial.

Sipuleucel-T was evaluated in three separate single-

agent Phase I trials in patients with metastatic, castrate-

resistant prostate cancer (the design and results from all the 

sipuleucel-T single-agent trials are summarized in Table 1). 

In a Phase I/II trial, Small et al treated patients with castrate-

resistant disease with sipuleucel-T at weeks 0, 4, and 8, 

with the possibility of a fourth booster immunization. The 

Phase I portion of this study was conducted using a standard 

dose escalation, with cohorts of three patients receiving 

0.2 × 109, 0.6 × 109, 1.2 × 109, and 2 × 109 PA2024-pulsed cells 

per injection, and 19 patients in the Phase II portion of this 

trial received the maximum dose that could be prepared. For 

the production and delivery of the vaccine, patients underwent 

a leukapheresis, which was then shipped to the Dendreon 

cell processing facility where dendritic cell precursors were 

isolated using two sequential buoyant density centrifugation 

steps. Cells were washed and incubated with the PA2024 

fusion protein for approximately 40 hours. These products 

were then transported back to the infusion center, where they 

were infused into the patients over approximately 30 minutes. 

In this study, all of the patients were found to develop a T-cell 

proliferative response to PA2024, while 38% were found to 

develop responses to native PAP.58 They also identified that 

most patients developed immunity to PA2024 after two infu-

sions, with a maximal reactivity after three infusions (the 

additional booster immunization did not confer additional 

immunity). Furthermore, six patients had PSA decreases 

greater than 25% (three of whom had a decline of greater than 

50%), and in the Phase II trial, the median time to disease 

progression was 29 weeks.58 Interestingly, patients who were 

found to develop an immune response (either T-cell and/or 

antibody responses) to the native PAP had a significantly 

longer time to disease  progression than those without an 

immune response (34 weeks versus 13 weeks).58

In another Phase I trial evaluating sipuleucel-T in patients 

with metastatic, castrate-resistant disease, Takaue et al immu-

nized patients three times at weeks 0, 2, and 4 using increas-

ing doses of sipuleucel-T. In this study, they identified T-cell 

proliferative immune responses to PA2024 in all patients, and 

one of the patients had an objective clinical response of lymph 

node metastases, as well as a decrease in PSA levels.59

The last Phase I/II trial of sipuleucel-T was  conducted 

by Burch et al. In the Phase I portion of this study, 13 patients 

received sipuleucel-T infusions at weeks 0 and 4 (as many cells 

as could be prepared from the preinfusion leukapheresis). Fol-

lowing these infusions, patients received subcutaneous doses 

of the PA2024 fusion protein at weeks 8, 12, and 16. In this 

study, of the 12 patients evaluable for response to treatment, 

they identified T-cell proliferative and antibody responses to 

PA2024 in all patients. When they evaluated responses against 

the two components of the fusion protein, they detected T-cell 

proliferation against both GM-CSF and PAP, but found higher 

levels of proliferation in response to stimulation with GM-

CSF.60 Furthermore, the authors identified PSA decreases of 

greater than 50% in three patients.60 In the Phase II portion 

of this study, 21 patients with metastatic, castrate-resistant 

disease were given two infusions of sipuleucel-T at weeks 

0 and 2. Patients for whom disease had not progressed (a 

total of 19 patients) were then subsequently boosted with the 

PA2024 fusion protein, given subcutaneously at weeks 4, 8, 

and 12. Again, they observed immune responses to PA2024 

 following immunization and PSA decreases in three patients, 

with one of these patients having an objective response that 

 persisted for more than four years.61 The combined data from 

these three Phase I/II clinical trials served as the foundation 

for  randomized Phase III trials evaluating sipuleucel-T in 

patients with castrate-resistant disease.

In the first Phase III trial evaluating sipuleucel-T (D9901), 

Small et al studied 127 men with asymptomatic, metastatic, 

castrate-resistant disease expressing PAP. Patients were 

 randomly assigned in a 2:1 ratio to receive three biweekly 

infusions of sipuleucel-T or placebo. Patients in the 

sipuleucel-T arm received as many cells as could be prepared 

from the leukapheresis product.62 The patients receiving 

placebo underwent a leukapheresis, and one-third of the 

cells were reinfused without being pulsed with PA2024. The 

remaining cells were frozen, and if a patient showed disease 

progression, these cells could be pulsed with PA2024 and 

infused into the patient in an open-label salvage protocol. 

In this study, the primary endpoint was chosen as time to 

disease progression (either radiographic or development 

of pain), and the authors also followed overall survival 
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(although this was not a predetermined primary or secondary 

endpoint, because the trial was not sufficiently powered to 

detect significant differences in survival).

In this study, treatment with sipuleucel-T was found 

to be well tolerated by patients. The most common side 

effects associated with sipuleucel-T infusion were Grade 1 

or 2  rigors and pyrexia (54.9% and 37.8% of patients, 

respectively), with a lower frequency of patients having 

Grade 1 or 2 tremors (26.8%).62 The authors also detected 

T cell proliferative responses to the PA2024 fusion protein. 

When they calculated the increase in the T-cell stimulation  

index four weeks following the last treatment compared 

with baseline, they found that patients receiving sipuleu-

cel-T had an approximately eight-fold higher T-cell stimu-

lation index than patients receiving placebo.62 However, 

while the authors detected serum PSA decreases of greater 

than 25% in 6.8% of patients receiving sipuleucel-T, the 

primary endpoint of time to disease progression did not 

reach statistical significance. Patients receiving sipuleu-

cel-T had a median time to disease progression of 11.7 

weeks (95% confidence interval [CI] 9.1–16.6) compared 

with 10.0 weeks for patients receiving placebo (95% CI 

8.7–13.1).62

While the D9901 trial was ongoing, a second companion 

Phase III trial was also underway, accruing patients 

with asymptomatic metastatic, castrate-resistant disease 

(D9902A). This trial was being conducted with the same 

parameters as in the D9901 trial, ie, a 2:1 randomization 

of patients to receive sipuleucel-T (given as three biweekly 

infusions) or placebo (given as three biweekly infusions of 

untreated autologous peripheral blood mononuclear cells). 

This trial was designed as a second, confirmatory study 

to D9901, with the same primary endpoint of evaluating 

the effect of sipuleucel-T on time to disease progression. 

 However, while this trial was still accruing patients, the 

results from the D9901 trial showing a lack of difference in 

time to disease progression were unblinded, and due to lack 

of significance in the primary endpoint of time to disease 

progression, the D9902A trial was abandoned.

A further subset analysis of D9901 found that patients 

with a Gleason score #7 treated with sipuleucel-T had a 

 significant increase in time to disease progression com-

pared with those receiving placebo. This led to another 

Phase III trial (D9902B), which was designed similarly 

to the D9901 trial, with 127 patients and a primary end-

point of time to disease progression, but with the plan 

only to accrue asymptomatic metastatic, castrate-resistant 

patients with a Gleason score of #7. However, as this trial 

was  beginning to accrue, an  analysis of the D9901 trial 

uncovered a  significant difference in overall survival, with 

patients receiving sipuleucel-T having a three-year over-

all survival of 25.9 months,  compared with 21.4 months, 

for patients receiving placebo (hazard ratio [HR] 1.43, 

P = 0.01).63 Additionally, it was observed that nearly half 

of the progression events occurred within the first 12 weeks 

of the study, which the authors postulated might be before 

an optimal immunologic effect had occurred, and therefore 

could account for a lack of difference in time to disease 

progression.62,63 Furthermore, when an integrated analysis 

of the D9901 and D9902A trials was conducted looking at 

a total of 147 patients treated with sipuleucel-T versus 78 

treated with placebo, it was observed that patients receiving 

sipuleucel-T had a median survival of 23.2 months (95% CI 

19.0–31.0) versus 18.9 months (95% CI 13.5–25.3) in the 

placebo control group (HR 1.5, P = 0.011).63 Due to these 

findings, the authors implemented an amendment to the 

D9902B protocol (termed the Immunotherapy for Prostate 

Adenocarcinoma Treatment [IMPACT] trial), changing the 

primary endpoint from time to disease progression to overall 

survival, and increasing the planned patient enrollment from 

127 to 512 (with no exclusion based on Gleason score) to 

power this study sufficiently to detect a difference in overall 

survival.

The IMPACT trial conf irmed that treatment with 

sipuleucel-T provided a significant increase in overall 

survival. Patients receiving an infusion of PA2024-pulsed 

cells had a median survival of 25.8 months compared with 

21.7 months in the placebo group, consistent with the 

previous trials.64 This survival difference reflected a signifi-

cant difference in the risk of death in patients treated with 

sipuleucel-T compared with the placebo group (HR 0.78, 

95% CI 0.61–0.96, P = 0.03).64 The authors also found that 

this survival benefit was present regardless of prior or subse-

quent treatment with docetaxel and prednisone, ie, the stan-

dard chemotherapeutic regimen for patients with metastatic, 

castrate-resistant disease (although the percentage of patients 

receiving prior chemotherapy was relatively small). When the 

median time to progression was calculated, they found no 

significant difference (14.6 weeks in the sipuleucel-T group 

versus 14.4 weeks in the placebo group, P = 0.63), contra-

dicting the trends observed in the earlier-phase studies, but 

validating the authors’ decision to focus on overall survival 

as a primary endpoint.64

Patients in the IMPACT trial were evaluated for the 

development of immune responses (either antibody or 

T-cell proliferative responses) to PA2024 or native PAP. 
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Antibody responses were defined as a titer greater than 

400 at any time after baseline, and T-cell proliferative 

responses were defined by a T-cell stimulation index .5 

at any time following immunization (Dr Nadeem Sheikh, 

Dendreon Corporation, 2011; Pers comm).64 In patients 

receiving sipuleucel-T, antibody responses to PA2024 were 

detected in 100/151 patients, and responses to PAP were 

detected in 43/151 individuals (with 2/70 and 1/70 placebo 

patients having responses to PA2024 or PAP, respectively).64 

Furthermore, in patients receiving sipuleucel-T, proliferative 

T-cell responses to PA2024 were detected in 46/73 patients, 

and responses to PAP were detected in 15/55 patients (with 

4/33 and 2/25 patients receiving placebo having responses to 

PA2024 or PAP, respectively).64 It was observed that patients 

who had antibody responses to PA2024 lived significantly 

longer than those patients without antibody responses 

(P , 0.001). In contrast with what had been observed in 

earlier-phase studies, no significant correlation was found 

between the detection of T-cell proliferative responses to 

either PA2024 or PAP and the overall survival of these 

patients (nor antibodies to PAP, although this showed a trend 

towards correlation with survival, P = 0.08).

Similar to previous trials, treatment with sipuleucel-T 

was most commonly associated with chills (54.1% of 

patients), fever (29.3%), fatigue (39.1%), nausea (28.1%), 

and headache (16.0%).64 Additionally, treatment with 

sipuleucel-T was also associated with increased frequencies 

of influenza-like illness, myalgia, hypertension, hyperhidro-

sis, and groin pain.64 Most adverse events were graded as mild 

to moderate, and most occurred within one day after infusion 

and resolved within 1–2 days. Adverse events $ Grade 3 

of any type were reported by 31.7% of patients receiving 

sipuleucel-T, and were not significantly different from the 

35.1% of patients in the placebo group.64 However, adverse 

events $ Grade 3 on the day immediately following infu-

sion were detected in 23 of 338 (6.8%) patients receiving 

sipuleucel-T compared with three of 168 (1.8%) patients in 

the placebo group.64 Only three of 338 (0.9%) patients in the 

sipuleucel-T group were not able to receive all three infusions 

due to infusion-related adverse events.

After the initial D9901 trial suggested a survival benefit 

in patients treated with sipuleucel-T, Dendreon submitted a 

biological license application to the FDA in 2006. However, 

while this application was viewed favorably by an advisory 

committee evaluating cellular, tissue, and gene therapies, the 

FDA Center for Biologics Evaluation and Research requested 

additional data on the efficacy of sipuleucel-T before 

approval. With the significant survival benefit detected in the 

Phase III IMPACT trial, the FDA approved sipuleucel-T in 

April 2010 for the treatment of asymptomatic or minimally 

symptomatic metastatic, castrate-resistant prostate cancer.

Incorporation of sipuleucel-T  
into clinical practice
The approval of sipuleucel-T for metastatic, castrate-resistant 

prostate cancer represents a major paradigm shift in the treat-

ment of advanced disease. Not only does it represent the first 

active immunotherapy approved for cancer, but it is novel 

compared with other prostate cancer therapies in that there is 

no measurable readout that can be used to monitor the success 

or failure of therapy. Moreover, compared with therapies such 

as androgen deprivation therapy or chemotherapy, the overall 

survival benefit associated with sipuleucel-T is not associated 

with a decrease in PSA levels, objective clinical responses, 

or an increased time to disease progression. This presents a 

challenge for the implementation of sipuleucel-T in clinical 

practice, because it does not allow for any short-term measure 

of whether the therapy is providing a clinical benefit. The 

concept of using treatments without measurable benefit is not 

new to oncology or the treatment of prostate cancer; this is 

expected in the adjuvant setting where treatment is adminis-

tered to reduce the risk of disease recurrence, or with the use 

of bisphosphonates to minimize the risk of skeletal events. 

However, in the setting of metastatic disease treatment, this 

does represent a new paradigm and presents a challenge for 

a few reasons. First, is it possible that an individual did or 

did not “respond” and/or might need a  reinduction course 

to guarantee or prolong this response? Second, when should 

other treatments be considered? Docetaxel, for example, is 

typically given with corticosteroids, which are agents known 

to have immunosuppressive effects that may mitigate any 

benefit associated with sipuleucel-T. As such, a question 

that may commonly arise in the management of patients 

receiving sipuleucel-T is how long should one wait before 

administering immunosuppressive therapy that might negate 

what are perceived to be delayed effects from this vaccine? 

Third, what percentage of patients treated with sipuleucel-T 

actually “respond” to this treatment? Whether for this treat-

ment or other costly personalized therapies, payers may 

ultimately demand markers predictive of response to know 

whether a treatment is likely to work for an individual, rather 

than potentially authorizing treatment of the majority to 

benefit a minority.

The findings from the Phase III trials also raise  questions 

about the mechanism of action of sipuleucel-T. In fact, 

the package insert for sipuleucel-T states that the precise 
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mechanism of action remains unknown. The original concept 

in loading antigen-presenting cells with the PAP-GM-CSF 

conjugate protein was to prime antigen-presenting cells 

more directly to present PAP-derived epitopes and elicit a 

cytolytic T-cell response specific for PAP-expressing tumor 

cells.54,58 To date, there have been no data in either preclinical 

models or clinical trials showing that this treatment elicits 

PAP-specific cytolytic T cells, as has been shown for other 

PAP-directed vaccines.50,51,55 In early-stage clinical trials, 

Small et al found that patients who developed either a T-cell 

or antibody responses to native PAP had a significantly 

longer time to disease progression than patients without a 

PAP-specific immune response, whereas in the Phase III trial, 

they identified that only patients with antibody responses to 

PA2024 had a significant increase in overall survival.58,64 It is 

unclear how antibodies to an intracellular or secreted antigen 

would contribute to an antitumor response unless they were 

surrogates for a cellular response. Also, more responses 

were identified to the PA2024 antigen than to the native PAP 

protein suggesting that the majority of the responses elicited 

were directed to the GM-CSF portion of the fusion protein. 

In fact, two separate Phase I/II studies showed that more 

patients developed immune responses to GM-CSF alone 

than to PAP alone.58,60,61 Therefore, to date, there remains 

a lack of a clear mechanism of action associating clinical 

benefit with the activation of PAP-specific T-cell responses 

in vivo. One could argue that if a therapy is safe and prolongs 

survival, understanding its precise mechanism of action is 

less important. However, without a clear biological marker 

of response, it will be difficult to edit this therapy (evaluat-

ing different schedules, evaluating “booster” immunization 

courses, or combining it rationally with other therapies to 

enhance its efficacy) without conducting large, long-term 

trials powered for overall survival.

An additional question regarding the mechanism of 

action of sipuleucel-T arose from the design of the pla-

cebo groups in the Phase III trials. In the D9901, D9902, 

and IMPACT trials, the placebo groups were infused with 

untreated, autologous peripheral blood mononuclear cells. 

While this placebo group would be expected to be safe and 

would control for any effects of leukapheresis and infu-

sions on disease progression and immune responses, it does 

not address the issue of antigen-specificity. An alternative 

control would have been to treat patients on the placebo 

arm with peripheral blood mononuclear cells that had been 

pulsed only with GM-CSF. By studying the contribution that 

GM-CSF has towards the effects of sipuleucel-T, and thus 

also evaluating the antigen-specificity of this approach, it 

would be possible to disregard any potential contribution that 

other cell types present in the infusion product (including 

B cells, T cells, and natural killer cells) may have towards 

the efficacy of this approach. If antigen-specificity is not 

the central mediator of the clinical efficacy of sipuleucel-T, 

then this therapy could potentially be tailored to a much 

less expensive activated cellular therapy, or alternatively 

that sipuleucel-T might be investigated for other non-PAP-

expressing malignancies.

While the safety and paucity of adverse events associated 

with sipuleucel-T are certainly advantages recognized by 

patients and treating physicians, a significant challenge in its 

widespread implementation into clinical practice is the cost 

associated with this therapy. Because this is an autologous 

cellular-based vaccine, it requires a rigorous production 

protocol that needs to be conducted independently for each 

patient and each treatment course. For each infusion cycle, 

the patient must first undergo a leukapheresis. This product 

is then sent to a central processing facility, a time-sensitive 

step which could make implementation of sipuleucel-T in 

rural clinics logistically difficult. These cells are treated with 

the fusion protein in a controlled setting before they are then 

shipped back to the clinic, where the patient is reinfused 

with the antigen-pulsed product. At a cost of at least $93,000 

per total six-week course, and the reimbursement policy of 

Medicare, Medicaid, and other third-party payers currently 

pending, this could further limit community implementation. 

In fact, while several insurance companies (including 

Aetna, Humana, Emblem Health, and Kaiser Permanente) 

have agreed to cover the costs associated with sipuleucel-T, 

a survey conducted in July 2010 of medical and pharmacy 

directors by Reimbursement Intelligence found that 65% 

indicated that they may restrict access to sipuleucel-T.65 As 

highlighted by D Longo in an editorial to the reporting of 

the Phase III IMPACT trial, a formal cost-utility analysis of 

sipuleucel-T is needed to determine if the cost of sipuleucel-T 

per quality-adjusted life-year is in line with other cancer 

therapies.66 This is especially important when considering 

the development of Prostvac, a potentially  “off-the-shelf ”, 

nonpersonalized vaccine. The Phase II trial evaluating Pros-

tvac found that this vaccine, while not meeting its primary 

endpoint of increased time to disease progression, similarly 

showed trends towards prolonged overall survival in the same 

patient population in which sipuleucel-T was approved, and 

a Phase III trial evaluating this vaccine is expected to open 

in 2011. If similar results are found in this trial, it is conceiv-

able that Prostvac could be approved for the same population 

of patients in the next several years, providing a potentially 
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less costly alternative that would compete directly with 

sipuleucel-T. Nonetheless, at the present time, even with the 

significant manufacturing cost of this agent, one must balance 

the value of this novel therapy in the context of expensive 

chemotherapy agents that might actually provide less benefit 

and have greater potential toxicity.

While sipuleucel-T has been approved for prostate 

cancer, there are other versions of antigen-presenting cell-

based antigen-specific immunotherapies that are currently 

being developed by the Dendreon Corporation, such as 

lapuleucel-T, which targets human epidermal growth factor 

receptor 2 (Her-2/neu). Her-2/neu overexpression occurs in 

many epithelial cancers, and is commonly associated with 

more aggressive phenotypes. Like sipuleucel-T, this vaccine 

is generated by obtaining peripheral blood samples from 

patients with Her-2/neu positive tumors, which are then 

pulsed with a Her-2/neu-GM-CSF fusion protein (BA7072), 

and then reinfused back into patients. Two Phase I trials have 

been conducted with lapuleucel-T. The first trial was con-

ducted in patients with metastatic, Her-2/neu-overexpressing 

breast cancer, and showed that patients developed T-cell  

proliferative immune responses to both the fusion protein 

and Her-2/neu alone, and interferon gamma enzyme-linked 

immunosorbent assay (ELISPOT) responses to the fusion 

protein.67 Furthermore, they found that four patients had 

clinical responses to the vaccine (one partial response and 

three cases of stable disease).67 The second trial was con-

ducted in patients with metastatic breast, ovarian, or colon 

tumors which also expressed Her-2/neu.68 These studies 

found that patients receiving lapuleucel-T developed immune 

responses to the fusion protein, measured both by T-cell 

proliferative assays as well as interferon gamma ELISPOT.68 

 However, while both of these trials showed that the concept 

of sipuleucel-T can potentially be translated to other diseases, 

they also raise additional questions regarding the mechanism 

of action of these antigen-presenting cell-based vaccines, 

ie, whether the clinical effects are in fact in response to the 

activation of antigen-specific immune responses, or rather 

are due to the nonspecific immunostimulatory effects of 

the GM-CSF portion of the protein or the infusion of other 

immune cell types.

While sipuleucel-T was approved as a monotherapy for 

patients with asymptomatic-to-minimally-symptomatic, 

castrate-resistant metastatic disease, there are several 

 possible future directions that could evaluate this therapy 

in other settings. For example, many studies have sug-

gested that antitumor vaccines may have their greatest 

effect in the setting of minimal disease rather than bulky 

metastatic disease. Consequently, trials in patients with 

earlier-stage prostate cancer would seem advantageous, 

some of which are  currently underway, including a trial 

being conducted in the neoadjuvant setting.69–71 In addition to 

studying  different patient populations, another logical route 

of future investigation would be to investigate  combinations 

of sipuleucel-T with other cancer therapies that could 

potentially provide a  synergistic benefit. For example, a 

Phase II trial was conducted combining sipuleucel-T with 

bevacizumab, an antivascular endothelial growth factor 

antibody, based on previous investigations demonstrat-

ing that vascular endothelial growth factor production by 

tumors can inhibit the function of antigen-presenting cells.72 

Combination treatment with sipuleucel-T and bevacizumab 

elicited a .25% decrease in serum PSA in four of 22 patients, 

as well as an significant increase in median PSA doubling 

time and enhanced PA2024-specific immune responses.73 

Other logical combination approaches might be to combine 

sipuleucel-T with approved prostate cancer therapies, such 

as androgen-deprivation therapy, a therapy with known 

immune-modulating activity, and newer androgen receptor 

antagonists or androgen biosynthesis inhibitors (such as 

abiraterone or MDV-3100), or undertake studies evaluat-

ing the appropriate timing/sequence when combined with 

chemotherapies.34,35

Alternatively, studies could be conducted combining 

sipuleucel-T with other immunomodulatory agents. For 

example, sipuleucel-T could be combined with antibodies 

 targeting cytotoxic T lymphocyte antigen 4, a surface 

 molecule expressed on immunoregulatory cells and which 

also inhibits T cell proliferation; cytotoxic T lymphocyte 

antigen 4 blockade has been shown to act synergistically with 

other immunotherapeutic approaches.74–76 Finally, another 

logical approach might be to combine sipuleucel-T with 

other PAP-specific immunotherapies, which might provide 

a means to augment PAP-specific immune responses and 

enhance the clinical efficacy of these therapies. However, 

before combining sipuleucel-T with other immunotherapies, 

it may still be necessary first to define its mechanism of action 

to identify reliable markers that can be used to monitor the 

biological effect and/or clinical response.

Despite some of the ongoing challenges associated 

with implementing sipuleucel-T in clinical practice, there 

is clearly a major need for safe and effective therapies for 

patients with castrate-resistant metastatic disease. Indeed, 

this advanced stage of disease is rapidly developing into 

a very competitive market, with the development of 

abiraterone, MDV3100, and even other immunotherapies 
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such as  Prostvac. The availability of multiple therapies 

underscores the importance of identifying biomarkers which 

will predict benefit, so that the most appropriate therapies 

can be offered to enriched populations. In addition, rationally 

designed and rigorous sequence studies will be important to 

optimize survival and quality of life.
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