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Introduction:  Numerous treatments are approved for 
metastatic castration-resistant prostate cancer (mCRPC), 
including sipuleucel-T, an FDA-approved immunotherapy. 
Materials and methods:  In this paper we review 
recent data providing insights into the mechanism of 
action of sipuleucel-T which suggests sipuleucel-T 
may be most effective when administered to mCRPC 
patients with a low burden of disease.  Published and 
presented data from the sipuleucel-T clinical trials 
NeoACT (NCT00715104), IMPACT (NCT00065442), 
ProACT (NCT00715078), PROTECT (NCT00779402), 
OpenACT (NCT00901342), STAMP (NCT01487863) 

and STAND (NCT01431391), individually or across 
trials, were included in this review. 
Results:  Overall, a growing body of evidence 
supports the concept that sipuleucel-T, like some other 
immunotherapies, has long term effects that result in an 
overall survival benefit.  mCRPC patients with a low 
tumor burden may derive a greater therapeutic benefit, 
since the immune response may be more robust when 
the disease is less advanced and immunosuppressive 
effects from the tumor or traditional therapies may be 
less marked.  In addition, treatment with sipuleucel-T in 
early mCRPC does not preclude subsequent treatment 
with other approved mCRPC therapies. 
Conclusions:  Collectively, clinical data to date suggest 
the optimal timing for sipuleucel-T treatment may be early 
in the mCRPC treatment paradigm. 

Key Words:  prostatic neoplasms, sipuleucel-T

Introduction

Numerous treatments are approved for patients with 
metastatic castration-resistant prostate cancer (mCRPC).  
One such treatment is sipuleucel-T, an autologous cellular 
immunotherapy, which is approved by the US Food 
and Drug Administration (FDA), for the treatment of 
men with asymptomatic or minimally symptomatic 
mCRPC.1  This approval was supported by data from the 
randomized, controlled, phase III IMPACT study.  With a 
34.1 month median follow up, sipuleucel-T demonstrated 
a 22% reduction in the risk of death (hazard ratio [HR] 
0.78; 95% confidence interval [CI] 0.61-0.98; p = 0.03).2  
Overall, sipuleucel-T was well tolerated and < 1% of 
patients were unable to receive all three infusions due to 
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infusion-related adverse events (AEs).2  Evidence-based 
prostate cancer treatment guidelines in the United States 
recommend a wide range of treatments for mCRPC, and 
sipuleucel-T is one of the treatments recommended for 
patients with asymptomatic or minimally symptomatic 
mCRPC, and a good performance status.3,4 

Sipuleucel-T is designed to stimulate an immune 
response against prostatic acid phosphatase (PAP),5 as 
this enzyme is expressed in both normal and malignant 
prostate cells, and at very low levels elsewhere in 
the body.6,7  Clinical trials, such as IMPACT, have 
demonstrated that sipuleucel-T effectively stimulates 
immune responses in mCRPC.2,8,9  Table 1 outlines the 
characteristics of key sipuleucel-T clinical trials.

In this article, we summarize recent clinical and 
immunological data from sipuleucel-T clinical trials 
that suggest a greater therapeutic benefit may be 
achieved with sipuleucel-T therapy earlier in mCRPC, 
when patients have a relatively low tumor burden.  We 
review the mechanism of action of sipuleucel-T and the 
rationale for sequencing this therapy earlier in the course 
of mCRPC.

Sipuleucel-T treatment overview and key 
clinical trials

To manufacture sipuleucel-T, the patient’s peripheral 
blood mononuclear cells (PBMCs) are isolated by 

TABLE 1.  Key sipuleucel-T clinical trials

Trial	 Clinicaltrials.gov	N	 Patient	 Description	 Reference
name	 identifier		  population

NeoACT	 NCT00715104	 42	 Localized	 Open-label, phase II study investigating	 10 
			   prostate cancer	 sipuleucel-T as neoadjuvant treatment

IMPACT	 NCT00065442	 512	 Asymptomatic 	 Pivotal placebo-controlled, phase III study	 2 
			   or minimally  
			   symptomatic  
			   mCRPC	

ProACT	 NCT00715078	 120	 Asymptomatic	 Randomized, single-blind, phase II study	 11		
			   or minimally 	 to evaluate sipuleucel-T manufactured 
			   symptomatic 	 using different PA2024 concentrations 
			   mCRPC	  	

PROTECT	 NCT00779402	 176	 Detectable PSA 	 Phase II, randomized, double-blind, 	 12

			   levels following 	 controlled trial investing sipuleucel-T  
			   radical 	 in the androgen-dependent setting			 
			   prostatectomy  
			   having received  
			   3-4 months of ADT		

STAND	 NCT01431391	 64	 Non-metastatic 	 Randomized, open-label, phase II trial	 13,14 

			   prostate cancer 	 examining the sequencing of sipuleucel-T 
			   and a rising serum 	 and ADT 
			   PSA after primary  
			   therapy		

OpenACT	 NCT00901342	 104	 mCRPC including 	 Open-label, single-arm, phase II study to	 15 
			   patients with 	 further evaluate safety and immune responses;  
			   symptomatic 	 provided access to sipuleucel-T prior to FDA 
			   disease	 approval		

STAMP	 NCT01487863	 29	 mCRPC	 Randomized, open-label phase II trial 	 16 
				    investigating sipuleucel-T with concurrent  
				    versus sequential administration of abiraterone  
				    acetate plus prednisone	
ADT = androgen-deprivation therapy; FDA = Food and Drug Administration; mCRPC = metastatic castration-resistant prostate 
cancer; PSA = prostate-specific antigen



© The Canadian Journal of Urology™; 22(6); December 2015

Crawford ET AL.

8050

Figure 1.  Presumed mechanism of action for sipuleucel-T.

leukapheresis, purified, and co-cultured with PA2024 
(a recombinant protein comprising PAP fused to 
granulocyte-macrophage colony-stimulating factor 
[GM-CSF]) for approximately 40 hours.  The product 
is then washed and tested for total nucleated cell 
count, cluster of differentiation (CD) 54+ cell count, 
and CD54 upregulation.  Product meeting the release 
specifications is delivered to the clinic, generally 

2-3 days after the leukapheresis, for infusion over 
approximately 1 hour, Figure 1.  In a full course of 
therapy, this process is repeated for a total of three 
infusions of sipuleucel-T, administered approximately 
every 2 weeks.  Thus, a full course of therapy is 
received over about 1  month.  Antigen-presenting 
cell (APC) activation, an indicator of the sipuleucel-T 
product potency, is evaluated in each sipuleucel-T 



© The Canadian Journal of Urology™; 22(6); December 2015

product; APC activation is defined as the ratio of CD54+ 
molecules post-/pre-incubation with PA2024.17

Evidence supporting the presumed mechanism 
of action of sipuleucel-T

In a pooled analysis of data from three phase III trials 
of sipuleucel-T in mCRPC, the magnitude of in vitro 
APC activation during sipuleucel-T manufacture and 
the development of PA2024- and PAP-specific immune 
responses correlated with OS.9  Peripheral immune 
responses in patients with prostate cancer persisted 
well beyond the treatment period, as demonstrated by 
the immune responses noted at week 12 in NeoACT,10 
week 26 in IMPACT,9 PROTECT,12 and STAMP,16 and 
at 2 years in STAND.14  In addition, NeoACT (a trial 
of neoadjuvant sipuleucel-T followed by radical 
prostatectomy) demonstrated that sipuleucel-T induces 
immunological effects at the level of the prostate cancer 
tissue.10  In this study, a ≥ 3-fold increase in mean 
tumor-infiltrating lymphocytes per square micrometer, 
including total T cells (CD3+), T-helper cells (CD3+ 
CD4+) and cytotoxic T cells (CD3+ CD8+), was detected 
at the tumor interface by immunohistochemistry 
compared with pre-prostatectomy biopsy tissue, tumor 
tissue, and benign tissue (all p < 0.0001).10

Prolonged but “delayed” action of sipuleucel-T

It has been suggested that the benefits of immunotherapy 
require time to manifest, compared with faster-acting 
cytotoxic therapies.18  Madan et al, proposed a theoretical 
model to compare the potential impact of cytotoxic 
therapy and immunotherapy on tumor growth, Figure 2.18  
Cytotoxic agents exert their greatest effect on the 
neoplasm soon after the initiation of therapy.  In 
contrast, the antitumor immune responses stimulated 
by immunotherapeutics may take several months 
to fully develop.  However, the beneficial effects of 
immunotherapy may potentially be more advantageous 
due to their longer-lasting impact, specifically inducing a 
memory response, compared with cytotoxic therapeutics, 
which are direct acting and, therefore, are effective during 
their administration.18  In support of this hypothesis, 
sipuleucel-T therapy usually does not have a positive effect 
on proximal endpoints such as objective disease response,8 
but does show a statistically significant improvement in 
median OS.2,19  This improvement in OS may be due to 
a dampening of the rate of disease progression.  There 
is evidence from several clinical trials that sipuleucel-
T-induced peripheral immune responses are sustained 
for prolonged periods after the approximately 1 month 
course, as previously described.9,10,12,14,16
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Figure 2.  Immunotherapies can alter disease velocity.  

Although immune responses resulting from 
immunotherapy do not appear to be sufficient to 
reduce the size of the tumor when they are initiated 
within 3 months of treatment, they do subsequently 
reduce tumor growth rate.18,20  In the PROTECT study, 
patients with androgen-dependent prostate cancer 
and serologic progression were randomized to receive 
either sipuleucel-T or control, the prostate-specific 
antigen doubling time (PSADT) was 48% longer with 
sipuleucel-T following testosterone recovery, versus 
control (p = 0.038).12

The delayed effect of immunotherapy predicted 
by the Madan model may be further demonstrated 
by the apparent effects of sipuleucel-T on endpoints 
that occur later in the natural progression of the 
disease.2,19,20  In IMPACT, the median time to objective 
disease progression was 3.7 months and 3.6 months 
with an HR of 0.95 (95% CI 0.77-1.17; p = 0.63) in 
the sipuleucel-T and control arms, respectively.2  In 
a pooled analysis of IMPACT, D9901, and D9902A, 
the median time to disease-related pain (an endpoint 
that occurs generally later in the natural progression 
of the disease) after objective disease progression was 
5.6 months and 5.3 months for the sipuleucel-T and 
control arms, respectively (HR 0.804; 95% CI 0.602-
1.076; p = 0.142).21  When a clinical event later in the 
natural history of the disease is considered, time to first 
opioid analgesic was 12.6 months for the sipuleucel-T 
arm and 9.7 months for the control arm (HR 0.754; 
95% CI 0.571-0.995; p = 0.046).  In this pooled analysis, 
the Kaplan-Meier curves were seen to diverge after 
approximately 6 months from time to disease-related 
pain and time to first opioid analgesic,21 consistent with 
the delayed effect of immunotherapy. 

Furthermore, a phenomenon called “antigen 
spread” described by Kudo-Saito et al22 occurs when a 
tumor cell, killed by a specific immune targeted therapy, 
releases other tumor-associated antigens.  These tumor-
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associated antigens then induce additional immune 
responses to those antigens that were not part of the 
initial immune target.  In the IMPACT and ProACT 
studies, immune responses to multiple prostate tumor 
antigens were detected after sipuleucel-T treatment, 
suggesting that sipuleucel-T induces antigen spread in 
mCRPC patients.23  In STAND, sipuleucel-T mediated 
antigen spread was maintained through 2 years in 
patients with biochemically-recurrent prostate cancer 
(BRPC).14

Greater immunological potential in patients 
with lower versus higher tumor burden

Patients with advanced disease and high tumor burden 
are likely to be immunocompromised.24  These patients 
may be further immunocompromised by other mCRPC 
treatments such as concomitant high-dose corticosteroids 
and prior exposure to cytotoxic therapies.25 

A pooled analysis of 509 patients with localized 
prostate cancer (NeoACT; n = 41), asymptomatic or 
minimally symptomatic mCRPC (IMPACT and ProACT; 
n = 370), and symptomatic mCRPC (OpenACT; n = 98) 
compared the immunosuppressive effects of prior 
systemic therapy on sipuleucel-T across different disease 
states.26  NeoACT patients were younger with less 
advanced disease (localized prostate cancer), whereas 
mCRPC patients had more advanced disease and had 
more commonly undergone prior chemotherapy.26  In 
all disease settings, there was a similar trend in APC 
upregulation at weeks 2 and 4, relative to week 0, 
consistent with an immunological prime-boost effect, 
Figure 3.26  However, the magnitude of increase was 
greater in the neoadjuvant setting, compared with more 
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advanced disease (p < 0.001).  Similarly, within the 
mCRPC population, the magnitude of APC activation 
was greater in patients with asymptomatic or minimally 
symptomatic mCRPC (IMPACT and ProACT) versus 
patients with symptomatic mCRPC (OpenACT).  An 
immunological prime-boost effect with sipuleucel-T 
was also seen in BRPC patients in STAND.13

Potential benefits of sipuleucel-T in patients 
with a lower disease burden

Sipuleucel-T demonstrates a long term but “delayed” 
benefit, i.e. OS in mCRPC.  A recent paper reported 
that OS improvement with sipuleucel-T in mCRPC 
may be more robust than previous estimates.27  Control 
patients from the three phase III trials with sipuleucel-T 
had the option of receiving APC8015F (an autologous 
immunotherapy produced from cells collected during 
control manufacture and cryopreserved) after disease 
progression.  Median OS was 20.0 (APC8015F, n = 155) 
versus 9.8 months (control, n = 61) (HR 0.53; 95% CI 
0.38-0.74; p < 0.001); although more favorable baseline 
characteristics were seen in the APC8015F group.27

Patients with a lower tumor burden and/or less 
aggressive disease kinetics, who are unlikely to require 
cytoreductive therapy to reduce tumor burden in the 
short term, may potentially be suitable for sipuleucel-T 
treatment as the slow tumor growth pattern may 
mean that there could be more time for immunological 
responses to develop.  It is now recognized that tumors 
use immunosuppressive mechanisms to promote 
tumorigenesis and progression, and evade immune 
destruction.28  A high tumor burden is often associated 
with greater immunosuppression via regulatory T 

Figure 3. APC activation (CD54 upregulation) is greatest in patients with less 
advanced disease.26 

cells, myeloid-derived suppressor 
cells, and transforming growth 
factor receptor-β.  In patients with a 
lower disease burden, these factors 
are found at very low levels29 and 
the immune system appears to be 
more “responsive” than those with 
a greater disease burden.30,31  Given 
the likelihood that the immune 
response to sipuleucel-T takes 
several months after administration, 
patients with a lower tumor burden 
who have more indolent disease and 
less prior therapy are probably the 
best candidates for treatment with 
sipuleucel-T.

The results of several subgroup 
analyses of IMPACT data generate 
the hypothesis that treating patients 
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with baseline PSA below versus above the median (HR 
0.685 versus 0.865, respectively).2,32  In a retrospective, 
post hoc analysis, patients in the sipuleucel-T arm in 

TABLE 2.  Overall survival by PSA quartile32 

Baseline PSA, ng/mL	 ≤ 22.1	 > 22.1 to 50.1	 > 50.1 to 134.1	 > 134.1
	 (n = 128)	 (n = 128)	 (n = 128)	 (n = 128)
Median OS, months
     Sipuleucel-T	 41.3	 27.1	 20.4	 18.4
     Control	 28.3	 20.1	 15.0	 15.6

Difference, months 	 13.0 	 7.1 	 5.4 	 2.8	

HR (95% CI)	 0.51	 0.74	 0.81	 0.84
	 (0.31-0.85)	 (0.47-1.17)	 (0.52-1.24)	 (0.55-1.29)
CI = confidence interval; HR = hazard ratio; OS = overall survival; PSA = prostate-specific antigen. Patients in the lowest PSA 
quartile had the greatest benefit with sipuleucel-T.
Reproduced from Schellhammer et al. Urology 2013;81(6):1297-1302,32 with permission from Elsevier

Figure 4.  Summary of OS in mCRPC trials by baseline PSA.32

earlier in the course of mCRPC is beneficial.  A prespecified 
subgroup analysis of baseline PSA values showed a 
greater treatment effect with sipuleucel-T in patients 

the lowest PSA quartile had a 
greater benefit in OS than those 
in the highest PSA quartile,  
Table 2.32  The effect of baseline 
PSA on outcome differs from 
findings with other active 
agents in mCRPC, Figure 4,32  
but is consistent with the 
model proposed by Madan 
and colleagues in which 
immunotherapy may result 
in an increased magnitude of 
benefit for patients with lower 
disease burden.18

Data on bone metastases 
in IMPACT also support this 
hypothesis.33  Spiuleucel-T-
treated patients with the lowest 
baseline metastatic burden and 
slowest tumor growth rates 
had the longest OS and prostate 
cancer-specific survival (PCSS), 
Table 3.33  Primary factors 
associated with longest OS 
and PCSS included: baseline 
bone scan with < 7 lesions; 
increase of ≤ 2 in the number 
of lesions at week 10 versus 
baseline; and increase of ≤ 5 in 
the number of lesions at week 
18 versus baseline.33  In a blinded 
radiographic assessment, 13 of 
14 (93%) and 6 of 9 (67%) patients 
with PCSS were correctly 
predicted to have the longest 
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or shortest OS, respectively (significantly different from 
a 50% rate of uninformed correct prediction; p < 0.01,  
Fisher’s exact test).  Collectively, these data suggest that 
less aggressive disease kinetics may allow more time for 
a positive treatment effect with sipuleucel-T.

Subsequent therapy after administration of 
sipuleucel-T

It is important to consider the decision-making process 
regarding the timing and choice of therapy for the 
individual patient after completion of sipuleucel-T.  
Compared with other therapies for mCRPC, sipuleucel-T 
is administered over a short time period and is generally 
very well tolerated,2,10,12,14,16 so patients are unlikely to 
experience side effects requiring a long recovery period 
prior to starting another therapy.  Some patients with 
indolent disease may not require immediate additional 
therapy, whereas those with more rapid tumor growth 
may benefit from additional therapy soon after 
completion of sipuleucel-T infusions. 

Options for therapy after sipuleucel-T (outside 
of a clinical trial) include hormonal agents such as 
abiraterone acetate/prednisone or enzalutamide, 
docetaxel chemotherapy, or radium-223 radioisotope 
therapy.  Both abiraterone acetate/prednisone and 
enzalutamide34 are FDA-approved for use prior 
to docetaxel administration.  The advantage of 
enzalutamide is that it does not require the use of 
low-dose prednisone which could alter the immune 
response to sipuleucel-T.  However, data from 
STAMP study (abiraterone acetate and prednisone 
started simultaneously with sipuleucel-T or just after 
sipuleucel-T) demonstrate that low-dose prednisone 
does not adversely impact the product parameters 
defined by in vitro APC activation.16  The effect of 
low-dose prednisone on long term in vivo immunity or 

efficacy of sipuleucel in the STAMP trial is unknown.  
A similar trial of concurrent or sequential enzalutamide 
and sipuleucel-T is in progress (STRIDE).  A subgroup 
analysis of patients in the IMPACT trial indicated that 
sipuleucel-T had a survival benefit in patients whether 
or not they received docetaxel.2 

Based on a subgroup analysis from the ALSYMPCA 
trial,35 addition of radium-223 after sipuleucel-T may be a 
good choice if there are > 6 bone metastases (those with < 6  
bone metastases did not derive the same magnitude of 
benefit).  In addition, since radium-223 is a bone-directed 
therapy, it should only be used as a single agent when 
there are no visceral or significant nodal metastases.  
Combination trials (radium-223 plus enzalutamide or 
abiraterone acetate) are in progress and may offer yet 
further treatment options after sipuleucel-T.

Conclusion

Sipuleucel-T was the first immune therapy approved 
for prostate cancer, and has been shown to improve 
OS compared with placebo.  Optimal sequencing of 
the newer agents discussed above may improve OS as 
well as potentially providing earlier anti-tumor effects.  
Understanding how these additional therapies affect the 
immune response will be important in evaluating how 
best to sequence these agents with immunotherapy. 
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TABLE 3.  Bone scans predict survival 

Bone scans reviewed for	 Actual	 Halabi-	 Predicted by	 Correctly predicted
patients treated with	 median OS,	 predicted OS	 radiologist,	 by radiologist,
sipuleucel-T 	 months	 months	 n		 n (%) 

OS (n = 26)
     Long OS (n = 16) 	 54.2 	 27.1 	 17 	 13 (76)
     Short OS (n = 10) 	 10.8 	 17.9 	 9 	 6 (67)

PCSS (n = 23)
     Long OS (n = 16) 	 54.2 	 27.1 	 14 	 13 (93)
     Short OS (n = 7) 	 10.8 	 15.8 	 9 		 6 (67)
OS = overall survival; PCSS = prostate cancer-specific survival.
Reproduced from Crawford et al, 201233 with permission from the author and Western Section American Urological Association

Crawford ET AL.

8054



© The Canadian Journal of Urology™; 22(6); December 2015

References

1.	 PROVENGE® (sipuleucel-T) prescribing information. Dendreon 
Corporation, Seattle, Washington, USA. Last revision October 
2014. Available from URL: http://www.dendreon.com/
prescribing-information.pdf. Accessed July 10th, 2015.

2.	 Kantoff PW, Higano CS, Shore ND et al. Sipuleucel-T 
immunotherapy for castration‑resistant prostate cancer. N Engl 
J Med 2010;363(5):411-422.

3.	 Cookson MS, Roth BJ, Dahm P et al. Castration-resistant prostate 
cancer: AUA Guideline. J Urol 2013;190(2):429-438.

4.	 National Comprehensive Cancer Network (NCCN). NCCN 
Clinical Practice Guidelines in Oncology. Prostate Cancer 
Version 1.2015. Updated October 10 2014. Available from URL: 
http://www.nccn.org/professionals/physician_gls/pdf/
prostate.pdf. Accessed July 10th, 2015. 

5.	 Fong L, Ruegg CL, Brockstedt D, Engleman EG, Laus R. Induction 
of tissue-specific autoimmune prostatitis with prostatic acid 
phosphatase immunization: implications for immunotherapy 
of prostate cancer. J Immunol 1997;159(7):3113-3117.

6.	 Haines AM, Larkin SE, Richardson AP, Stirling RW, Heyderman E.  
A novel hybridoma antibody (PASE/4LJ) to human prostatic 
acid phosphatase suitable for immunohistochemistry. Br J Cancer  
1989;60(6):887-892.

7.	 Graddis TJ, McMahan CJ, Tamman J, Page KJ, Trager JB. Prostatic 
acid phosphatase expression in human tissues. Int J Clin Exp 
Pathol 2011;4(3):295-306.

8. 	 Higano CS, Schellhammer PF, Small EJ et al. Integrated data 
from 2 randomized, double-blind, placebo-controlled, phase 
3 trials of active cellular immunotherapy with sipuleucel-T in 
advanced prostate cancer. Cancer 2009;115(16):3670-3679. 

9.	 Sheikh NA, Petrylak D, Kantoff PW et al. Sipuleucel-T 
immune parameters correlate with survival: an analysis of 
the randomized phase 3 clinical trials in men with castration-
resistant prostate cancer. Cancer Immunol Immunother 2013;62(1): 
137-147.

10.	Fong L, Carroll P, Weinberg V et al. Activated lymphocyted 
recruitment into the tumor microenvironment following 
preoperative sipuleucel-T for localized prostate cancer. J Natl 
Cancer Inst 2014;106(11)pii: dju268. doi: 10.1093/jnci/dju268.

11.	Gardner TA, Petrylak DP, Corman JM et al. Immune response 
with sipuleucel-T in patients (pts) with metastatic castration-
resistant prostate cancer (mCRPC): Phase II ProACT study.  
J Clin Oncol 2013;31(6 suppl.):abstract 148.

12.	Beer TM, Bernstein GT, Corman JM et al. Randomized trial 
of autologous cellular immunotherapy with sipuleucel-T in 
androgen-dependent prostate cancer. Clin Cancer Res 2011;17(13): 
4558-4567.

13.	Antonarakis ES, Kibel AS, Adams GW et al. Antigen-specific 
immune responses sustained through 24 months in the 
STAND trial: a randomized phase 2 study evaluating optimal 
sequencing of sipuleucel-T and androgen deprivation therapy 
in biochemically-recurrent prostate cancer. J Clin Oncol 2015;33 
(7 suppl):abstract 171.

14.	Antonarakis ES, Kibel AS, Adams GW et al. Immune responses 
and clinical outcomes in STAND, a randomized phase 2 study 
evaluating optimal sequencing of sipuleucel-T (sip-T) and 
androgen deprivation therapy (ADT) in biochemically-recurrent 
prostate cancer (BRPC) after local therapy failure. J Clin Oncol 
2015;33(15 suppl):abstract 5030.

15.	Corman J, Dawson N, Hall S et al. OpenACT: phase 2, open-label 
study of sipuleucel-T in metastatic castrate-resistant prostate 
cancer (mCRPC). Ann Oncol 2012;23(suppl 9):abstract 943.

16.	Small EJ, Raymond L, Gardner TA et al. A randomized phase II 
trial of sipuleucel-T with concurrent vs sequential abiraterone 
acetate plus prednisone in metastatic castration resistant prostate 
cancer. Clin Cancer Res 2015;21(17):3862-3869.

17.	Sheikh NA, Jones LA. CD54 is a surrogate marker of antigen 
presenting cell activation. Cancer Immunol Immunother 2008;57(9): 
1381-1390. 

18.	Madan RA, Schwaab T, Gulley JL. Strategies for optimizing the 
clinical impact of immunotherapeutic agents such as sipuleucel-T 
in prostate cancer. J Natl Compr Canc Netw 2012;10(12):1505-1512.

19.	Small EJ, Schellhammer PF, Higano CS et al. Placebo-controlled 
phase III trial of immunologic therapy with sipuleucel-T 
(APC8015) in patients with metastatic, asymptomatic hormone 
refractory prostate cancer. J Clin Oncol 2006;24(19):3089-3094.

20.	Madan RA, Gulley JL, Fojo T et al. Therapeutic cancer vaccines 
in prostate cancer: the paradox of improved survival without 
changes in time to progression. Oncologist 2010;15(9):969-975.

21.	Small EJ, Higano CS, Kantoff PW, Whitmore JB, Frohlich MW, 
Petrylak DP. Time to disease-related pain and first opioid use 
in patients with metastatic castration-resistant prostate cancer 
treated with sipuleucel-T. Prostate Cancer Prostatic Dis 2014;17(3): 
259-264.

22.	Kudo-Saito C, Schlom J, Hodge JW. Induction of an antigen 
cascade by diversified subcutaneous/intratumoral vaccination is 
associated with antitumor responses. Clin Cancer Res 2005;11(6): 
2416-2626.

23.	GuhaThakurta D, Sheikh NA, Fan L-Q et al. Humoral immune 
response against non-targeted tumor antigens after treatment 
with sipuleucel-T and its association with improved clinical 
outcome. Clin Cancer Res 2015;21(16):3619-3630.

24.	Schlom J. Therapeutic cancer vaccines: current status and 
moving forward. J Natl Cancer Inst 2012;104(8):599-613. 

25.	Dorff TB, Crawford ED. Management and challenges of 
corticosteroid therapy in men with metastatic castrate-resistant 
prostate cancer. Ann Oncol 2013;24(1):31-38. 

26.	Sheikh NA, Small EJ, Quinn DI et al. Sipuleucel-T product 
characterization across different disease states of prostate cancer. 
J Clin Oncol 2012;30(5 suppl.):abstract 42.

27.	George DJ, Nabhan C, Devires T, Whitmore JB, Gomella LG. 
Survival outcomes of sipuleucel-T phase 3 studies: impact 
of control arm cross-over to salvage immunotherapy. Cancer 
Immunol Res 2015;3(9):1063-1069.

28.	Hanahan D, Weinberg RA. Hallmarks of cancer: the next 
generation. Cell 2011;144(5):646-674.

29.	Drake CG, Jaffee E, Pardoll DM. Mechanisms of immune evasion 
by tumors. Adv Immunol 2006;90:51-81.

30.	Töpfer K, Kempe S, Müller N et al. Tumor evasion from T cell 
surveillance. J Biomed Biotechnol 2011:918471. 

31.	Whiteside TL. The tumor microenvironment and its role in 
promoting tumor growth. Oncogene 2008;27(45):5904-5912.

32.	Schellhammer PF, Chodak G, Whitmore JB, Sims R, Frohlich 
MW, Kantoff PW. Lower baseline prostate-specific antigen 
is associated with a greater overall survival benefit from 
sipuleucel-T in the Immunotherapy for Prostate Adenocarcinoma 
Treatment (IMPACT) trial. Urology 2013;81(6):1297-1302.

33.	Crawford D, Kibel A, Azose A et al. Bone scans associated with 
prolonged overall survival in patients with metastatic castrate-
resistant prostate cancer treated with sipuleucel-T. Western 
Sectional AUA 2012. Abstract 09-62.

34.	XTANDI® (enzalutamide) prescribing information. Astellas 
Pharma US, Inc., Northbrook, Illinois, USA. Last revision 
September 2014. Available from URL: https://www.astellas.us/
docs/us/12A005-ENZ-WPI.pdf. Accessed February 10th, 2015.

35.	Parker C, Nilsson S, Heinrich D et al. Alpha emitter radium-223 
and survival in metastatic prostate cancer. N Engl J Med 2013;369(3): 
213-223.

8055

Optimal timing of sipuleucel-T treatment in metastatic castration-resistant prostate cancer 


