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Abstract
Sipuleucel-T is a therapeutic cancer vaccine that has shown im-
proved survival in men with metastatic castration-resistant pros-
tate cancer. As a first-in-class agent, it has been met with both fan-
fare and controversy. A broad review of immune-based therapies 
may reveal the delayed clinical impact of sipuleucel-T to be a class 
effect. As new strategies of immune-based therapy are developed, 
their effects can be optimized through better understanding of 
how they affect disease differently from more standard therapeu-
tics. Furthermore, combination therapy with agents that can either 
work synergistically with immune-activating therapies or deplete 
immune-regulating cells may result in more vigorous immune re-
sponses and improved clinical outcomes. In addition, therapeutic 
vaccines may be ideal candidates to safely combine with standard-
of-care therapies because of their nonoverlapping toxicity profile. 
The ultimate role of immunotherapy may not be to supplant stan-
dard therapies, but rather to work in concert with them to maxi-
mize clinical benefit for patients. (JNCCN 2012;10:1505–1512)

Immunotherapy seeks to harness the immune 
system’s ability to recognize and destroy cancer cells. 
Over the years, 3 main treatment strategies were 
investigated: 1) using cytokines or chemokines to 
activate a nonspecific immune response; 2) selectively 
removing immune checkpoint inhibitors; and 3) using 
therapeutic vaccines (Table 1). An example of using 
a therapeutic vaccine is autologous immune effector 
cells propagated ex vivo and reinfused into the patient 
with the goal of killing specific cancer cells. Clinical 
trials using autologous antitumor lymphocytes in 
patients with melanoma provided initial proof of 
principle.1 However, this approach has not been widely 
available for randomized multicenter trials because of 
the intensive resource requirements. Another option, 
represented by sipuleucel-T, is to use antigen-presenting 
cells (APCs) to initiate a diverse, lasting, tumor-specific 
immune response.2 In this process, peripheral blood 
mononuclear cells are isolated via leukapheresis, then 
sent to a central facility where APCs are enriched and 
cocultured with an antigen “cassette” that contains the 
immunostimulatory cytokine granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and the target 
tumor antigen prostatic acid phosphatase (PAP). This 
cell product is then reinfused into the patient.3 

Sipuleucel-T Raises Hopes and Questions
After 2 small phase III trials in minimally symptomatic 
metastatic castration-resistant prostate cancer 
(mCRPC), sipuleucel-T showed no change in time 
to progression (the primary end point of each study). 
However, a preplanned secondary analysis suggested an 
improvement in overall survival.4,5 A third larger trial 
was then initiated, with survival as the primary end 
point. This trial enrolled essentially the same patient 
population as the previous trials: those with good 
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For several decades, medical oncologists and researchers 
have debated the potential role of immunotherapy 
in the clinical management of human malignancies. 
The recent FDA approval of the first therapeutic 
cancer vaccine, sipuleucel-T (Provenge, Dendreon 
Corporation, Seattle, WA), has taken the discussion to 
a more practical level. 
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functional status and asymptomatic or minimally 
symptomatic mCRPC. The patients (n=512) were 
randomized 2:1 in favor of sipuleucel-T. The results of 
this study showed an improvement in overall survival 
(25.8 vs. 21.7 months; P=.032) and subsequently led 
to FDA approval, representing the first approval of a 
therapeutic cancer vaccine.6 Once again, no change 
in time to progression was seen. 

Despite its status as a first-in-class agent and its 
negligible toxicity profile, sipuleucel-T has not yet been 
widely embraced by practitioners who treat prostate 
cancer. 

Although some investigators have raised specu-
lative concerns about the impact on the control arm 
of both age (based on subgroup analysis) and possible 
immune depletion,7 more pragmatic studies have sug-
gested that sipuleucel-T was beneficial for all subgroups 
(including those classified according to age6). Further-
more, only a clinically insignificant number of lympho-
cytes are removed during apheresis, and no increased 
infections were noted in the registration trial.8,9 Along 
with more practical issues involving logistics, cost, and 
reimbursement, the lack of early markers of therapeu-
tic benefit has been a major concern. Unlike standard 
cytotoxic therapies or modern hormonal therapies, sip-
uleucel-T has not shown an ability to shrink tumor or 
decrease prostate-specific antigen (PSA) levels in most 
patients, in apparent contradiction to the ultimate 
outcome of 2 phase III studies that showed improved 
survival.4,6 Closer analysis, however, shows that 2 other 
immune-based therapies have also shown a paradoxi-
cal improvement in overall survival without near-term 
changes in tumor characteristics.

Survival Trumps Progression With 
Immunotherapies as Monotherapy
PSA-TRICOM (PROSTVAC; Bavarian Nordic, 
Mountain View, CA; developed through a 

Collaborative Research and Development 
Agreement with the NCI) is another therapeutic 
cancer vaccine that is now in phase III testing 
in minimally symptomatic mCRPC.10 This off-
the-shelf vaccine is administered subcutaneously 
and uses modified poxviruses to deliver targeting 
information to the immune system to initiate a 
focused, antitumor, immunologic effect.11 As the 
viruses infect immune cells, including APCs, their 
modified genetic material codes for PSA and T-cell 
costimulatory molecules within the immune cell. 
The PSA is expressed and presented in the context 
of the major histocompatibility complex molecules, 
and in addition to the costimulatory molecules are 
expressed on the surface of the primed APCs. These 
APCs travel to draining lymph nodes, where they 
engage relevant cytotoxic T lymphocytes (CTLs), 
then activate CTLs that can travel throughout the 
body and destroy PSA-expressing tumor cells.12 Early 
studies of PSA-TRICOM showed minimal toxicity.13 
When this agent was evaluated in a randomized, 
multicenter, placebo-controlled trial in mCRPC, 
no difference was seen in time to progression, but 
a significant improvement in overall survival was 
noted (25.1 vs. 16.6 months; P=.0061).14

Similarly, ipilimumab (YERVOY; Bristol-Myers 
Squibb, New York, NY) has shown delayed effects in 
metastatic melanoma.15 This monoclonal antibody 
serves as an immune checkpoint inhibitor by blocking 
T-cell interactions with the CTLA-4 molecule on 
APCs after T-cell activation.16,17 Because CTLA-
4 serves to regulate the body’s immune response, 
diminishing this interaction has been shown to 
enhance antitumor immune responses while also 
increasing the risk of autoimmune reactions. In a 
phase III study of ipilimumab in melanoma, 3 cohorts 
received ipilimumab alone, ipilimumab with an active 
control (GP100), and GP100 alone, respectively. The 
results showed no significant difference in median 

Table 1  Strategies for Optimizing Therapeutic Cancer Vaccines
Immune-based 
therapies early in 
the disease process

Given the limited toxicity of vaccines, it may be feasible to start these therapies early in the 
disease process with the goal of modulating long-term growth patterns and potentially 
significantly improving survival.

Combination 
therapy

Vaccines used in rational combinations with immune-enhancing therapies may result in more 
immediate cytotoxic effects and a slower growth rate resulting from a sustained immunologic 
effect.

Immune-modulating 
therapies

Some therapies, including standard therapies such as sunitinib, may alter the immune regulatory 
mechanisms that can suppress a vaccine-induced immune response. Combining these therapies 
with vaccines may result in enhanced immune responses. 
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progression-free survival among the 3 arms, but 
overall survival favored the ipilimumab-containing 
arms (10.0 and 10.1 months) over the active control 
arm (6.4 months; P<.001 and P=.003, respectively).15

Taken together, these data suggest that the 
delay in therapeutic impact seen with the use of 
modern immunotherapeutics in metastatic cancer 
may not be an artifact associated with sipuleucel-T 
alone. Rather, this apparent class effect of emerging 
immunologic agents may be from the nature of this 
type of therapy. Unlike cytotoxic therapies that have 
a direct impact on tumor, immune-based therapies 
work indirectly on the immune system, which in 
turn targets the tumor. This may take time and 
may partially explain why short-term changes in 
disease course (within a few months when restaging 
scans are conventionally performed) may not 
demonstrate an impact of therapy.18 Furthermore, 
tumor infiltration with activated immune cells 
can impair the ability to assess progression and 
may actually disguise an immune response as 
progressive disease. This phenomenon has been 
documented with ipilimumab, wherein patients with 
apparently enlarging liver lesions on scans ultimately 
experienced significant tumor responses, suggesting 
a transient increase in the size of lesions from an 
active immune response.19,20 This has resulted in the 
proposal of new guidelines to evaluate response in 
clinical trials involving immune-based therapies.21

Another confounding factor in the use of 
immunologic agents relates to the ultimate antitumor 
effect once it is generated. Given the nature of 
immune responses, their impact on tumor is more 
likely to be a moderation in growth rate rather than 
dramatic shrinkage. Although slowing a tumor’s 
growth may not seem as important as reducing its 
mass, it may ultimately have a greater impact on 
outcome, because an immune response is likely to 
be maintained long after treatment is terminated 
(much like the effect of childhood vaccines), unlike 
cytotoxic therapies, whose transient impact on 
tumor size is limited to the treatment period.18,22

Immune-Based Therapies May 
Alter Tumor Growth Patterns
This alteration in tumor growth kinetics was initially 
suggested by a retrospective analysis of 5 NCI 
trials in mCRPC over the past decade, 4 involving 

cytoreductive therapy and 1 involving the vaccine 
PSA-TRICOM.22 Using a mathematical model to 
predict disease mortality (a model developed and 
used in other cancers by using disease-appropriate 
markers), PSA values were used to evaluate tumor 
growth kinetics and to predict death.22,23 Patients 
initially treated with chemotherapy-based regimens 
showed decreases in tumor burden for variable 
periods. However, once treatment was discontinued, 
the tumor growth rate returned to pretreatment 
velocity and time to death was predictable along 
this trajectory. Patients treated with PSA-TRICOM 
showed little measurable change in tumor growth 
rate while on-study (median 3 months), but death 
occurred well beyond the predicted time point, based 
on the off-treatment tumor growth rate.12,22 These 
data suggest that patients treated with vaccine had 
a slowing of tumor growth rate that may ultimately 
have prolonged their survival.

This factor may also have been at work in 2 
other trials using different vaccines in patients with 
rising PSA levels after definitive therapy for newly 
diagnosed prostate cancer (castration-sensitive, 
nonmetastatic). In one study, patients were treated 
with PSA-TRICOM as part of an ECOG trial. 
Preliminary results of this study suggest that PSA 
doubling time (PSA DT; another measure of tumor 
growth rate) was prolonged relative to on-study 
values, extending from 4.4 months at enrollment 
to 7.7 months after treatment, an improvement 
of 43% (P=.002).24 Similarly, a trial in the same 
patient population treated patients with androgen-
deprivation therapy (ADT) and then randomized 
them to receive either sipuleucel-T or placebo. As 
PSA levels began to rise after the single dose of ADT 
(as expected when testosterone returns to normal), 
a significant difference in PSA DT was noted in 
patients who received sipuleucel-T compared with 
those who received placebo. This effect only became 
apparent when all PSA values were evaluated at least 
30 days after ADT initiation (≈35% improvement 
with vaccine vs. placebo; P=.037), and remained even 
more evident after testosterone recovery (≈47.6% 
improvement with vaccine vs. placebo; P=.038).25

Although results of early trials support the 
hypothesis that therapeutic cancer vaccines can alter 
tumor growth rate, further randomized prospective 
trials with growth rate kinetics as a primary end 
point are required. Furthermore, these trials will 
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need to link changes in growth rate kinetics to a 
relevant, FDA-accepted, clinical outcome. These 
trials are difficult to conduct in prostate cancer 
because a follow-up of nearly 10 years is required 
when survival is the primary end point. However, 
other ways exist to capitalize on therapeutic cancer 
vaccines’ ability to alter the growth rate of tumors. 
One approach would involve regimens that combine 
vaccine with standard therapeutics. Radiation, 
ADT, and chemotherapy could all work in concert 
with therapeutic cancer vaccines via numerous 
mechanisms to enhance clinical outcomes.26

Immune-Based Therapies May Be 
Combined With Standard Therapies 
for More Immediate Clinical Impact
The tumor growth rate model developed by Stein 
et al22 shows that although cytoreductive therapy 
significantly debulks tumor mass, when the agents 
are inevitably discontinued because of toxicity 
or diminished efficacy, tumor growth resumes at 
pretreatment rates. Subsequent therapies with 
similar cytotoxic agents may reduce the growth 
trajectory, but these changes will invariably be 
transient. If therapeutic cancer vaccines can 
produce a lasting reduction in tumor growth rates, 
as the data suggest, then an ideal approach may be 
to combine a cancer vaccine with a cytoreductive 
therapy, such as chemotherapy and ADT in prostate 
cancer. The potential implications are 2-fold: 
1) cytoreductive therapy would buy time (perhaps 
2–3 months) necessary to initiate an immune 
response, and 2) once cytoreductive therapy has 
debulked the tumor, vaccine could be administered 
with the goal of altering the rate of tumor growth. 
The end result could be a smaller tumor growing 
at a slower rate. This combination would likely 
have a more significant impact on survival than 
the transient reduction in tumor volume or altered 
growth kinetics that might be expected from either 
therapy alone (Figure 1).

Besides the mathematical rationale for combining 
vaccines with cytoreductive therapies, based on 
the combined impact on tumor volume and tumor 
growth kinetics, a scientific rationale exists for 
combining these therapies based on their potential to 
further enhance immune responses. Notably, ADT, 
a cornerstone of therapy for patients with prostate 

cancer, has several mechanisms for enhancing an 
anti–prostate cancer immune response.27 ADT has 
been shown to enhance thymic production of naïve 
T cells, which can then be activated by vaccines to 
target the tumor.28 Additional data suggest that T 
cells traffic to the prostate in the setting of ADT.29 
Furthermore, ADT can decrease immune tolerance 
for tumor antigens, thereby increasing the likelihood 
of antitumor immune stimulation.30 The combination 
of ADT and vaccine has been evaluated in clinical 
trials with promising results. However, with the 
advent of MDV3100, a modern androgen receptor 
antagonist (ARA), previous trials combining vaccine 
and older ARAs have assumed greater importance.
Those studies, which combined vaccines with ARAs, 
have suggested benefit in patients who received both 
therapies, although more data from larger randomized 
trials are required.31,32 

Docetaxel (along with a second taxane, 
cabazitaxel) is the primary chemotherapy used in 
patients with mCRPC.33–35 Although conventional 
wisdom is that potentially myelosuppressive therapy 
is immunosuppressive and thus not compatible with 
vaccines, a previous clinical trial showed that, in 
patients with mCRPC, vaccine combined with 
chemotherapy generated the same magnitude of 
T-cell–specific immune responses as vaccine alone.36 
Preclinical data also show that vaccine plus docetaxel 
induces enhanced immune activity compared with 
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Figure 1 Potential impact of vaccine and cytotoxic therapy 
on tumor growth. Although cytotoxic therapies have transient 
tumor-debulking effects, vaccines may slow tumor growth rate 
over the long term. If these therapies are appropriately com-
bined, patients may benefit from both mechanisms, resulting in 
a smaller tumor that grows at a slower rate. 
Adapted with permission from Schlom J. Therapeutic cancer 
vaccines: current status and moving forward. J Natl Cancer Inst 
2012;104:599–613, by permission of Oxford University Press.
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either treatment alone.37 One possible explanation for 
this is that chemotherapy-induced cancer cell lysis in 
the setting of an activated immune response produces 
an antigen cascade wherein the immune system 
processes additional antigens from dying cancer cells, 
leading to a broader immune response. Additional 
effects include the release of cellular molecular and 
immunologically relevant “death signals” from dying 
cancer cells that enhance the immune response.38,39 
Both of these effects of combining vaccine with 
certain chemotherapies are likely important factors in 
enhanced clinical outcomes.

Although conventional external-beam radiation 
therapy lacks the systemic effects of  chemotherapy, 
it may still render tumors more amenable to 
immune-mediated attack. Even low levels of 
radiation can enhance immune response by altering 
the phenotype of cancer cells.40,41 Alternatively, 
and similar to chemotherapy, radiation may kill 
tumor cells through an immunologically relevant 
mechanism, also resulting in the release of antigens 
and/or molecular “danger signals” that enhance 
the immune response.42–44 The potential value of 
this effect in prostate cancer was demonstrated in a 
clinical trial that combined vaccine with definitive 
radiation therapy in patients with newly diagnosed 
disease. Patients treated with vaccine plus radiation 
had a significantly enhanced prostate cancer–specific 
immune response compared with those who received 
standard radiation alone.45,46 

An ongoing phase III clinical trial combining 
ipilimumab with radiation is further investigating this 
hypothesis in mCRPC.47 If vaccines can be combined 
with radiation in patients with newly diagnosed 
prostate cancer, the immune response thus generated 
may have a sustained impact on tumor growth rate for 
the 20% to 40% of patients who develop recurrent 
disease, and may even significantly delay symptomatic 
disease progression. For patients with mCRPC, 
bone-seeking radionuclides such as 153Sm-EDTMP 
(Quadramet, Schering AG, Berlin, Germany, and 
Cytogen Co., Princeton, NJ) or Alpharadin (Algeta 
ASA, Oslo, Norway, and Bayer AG, Leverkusen, 
Germany) could be combined with vaccine.48

 In addition to its aforementioned benefits 
in prostate cancer when combined with standard 
therapies, ipilimumab has been shown to improve 
survival in metastatic melanoma, based on a 
purported mechanism of enhanced T-cell activity.16,17 

Thus, as 2 completed studies have shown,49,50 
vaccines that stimulate T cells are logical candidates 
for combination with ipilimumab. The promising 
clinical data from these 2 studies suggest clinical 
benefit, albeit at the expense of greater toxicity than 
vaccine alone. Larger randomized trials are required 
to validate these hypothesis-generating data. Perhaps 
the apparently less toxic anti-PD1 molecules will 
lead to better results in combination with vaccine in 
future trials.51

Standard therapies can also be used to overcome 
immune suppression, which has been shown to 
increase with tumor volume.52,53 One strategy has 
been to overcome host immune inhibition through 
adding immunostimulatory cytokines, such as 
GM-CSF or IL-2, to the regimen. An alternative 
approach to improving immunocompetence is 
to downregulate immune inhibitory cells, such 
as T-regulatory cells (Tregs) or myeloid-derived 
suppressor cells (MDSCs). Although the biology of 
MDSCs in human cancers is not well understood, 
data on the immune inhibitory role of Tregs are 
compeling. Several immunotherapeutic approaches 
have been used that downregulate or even completely 
ablate Tregs.54 Emerging preclinical data suggest 
that anticancer agents such as sunitinib and BCL-2 
inhibitors may also have this effect, indicating the 
need for further investigation of the combination of 
these agents with vaccine.55–57 The possibility exists 
that using standard agents such as chemotherapy or 
targeted molecular therapies for their therapeutic 
and immune-enhancing effects in combination with 
vaccines may optimize both therapies. 

Assessing Immune Response
Although immune-based combinations may result in 
a more immediate clinical impact and obviate the 
need to develop intermediate markers of response, 
the challenge of identifying a mechanism of action 
remains. The apparent lack of understanding 
of this mechanism fuels much of the skepticism 
regarding this emerging class of therapy. To this 
end, comprehensive immune monitoring is a large 
component of many ongoing clinical trials.

Fortunately, in the past decades a plethora of 
biotechnological advances has provided researchers 
with the techniques needed to closely monitor 
antigen-specific immune responses and immune 
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effector-cell populations. Assay and patient 
variability, however, has prevented these techniques 
from being developed into surrogate markers of 
immune response. The ELISPOT assay, for example, 
is a commonly used technique to assess antigen-
specific T-cell immune response. Unfortunately, 
several studies have highlighted the significant 
variability of this assay in multiple laboratories using 
the same techniques.58,59

Perhaps a more relevant confounding variable is 
the discrepancies seen among patients themselves. 
Although the purpose of immune therapies is to 
activate an immune response, this response may 
manifest differently from patient to patient. For 
example, for nonspecific immune therapies such as 
ipilimumab, which antigen-specific T-cell response 
is most important? Given the multitude of antigens 
in a given tumor, this is likely to vary significantly 
among patients. Even for therapeutic cancer vaccines 
that initially focus the immune response on a single 
antigen, the ultimate and perhaps most significant 
immune response may focus on secondary antigens, 
via a process described as “antigen spreading” or 
“antigen cascade.”45,60 Other assays that evaluate 
specific humoral or cellular immune responses (eg, 
natural killer cells or Tregs) might play a relevant 
role in a proportion of patients.46,60 For this reason, 
one must accept the very real possibility that 
standardized biomarkers of immune response will 
remain elusive and impractical given the variability 
among patients.

Despite these difficulties, additional mechanisms 
for assessing immune response are being evaluated 
in intriguing studies, such as those evaluating 
genetic profiles of immune cells. Recent research in 
genomic profiling of immune cell populations may 
shed light on immune system defects in patients with 
cancer and help identify ideal patient populations 
for cancer immunotherapy. A genomic analysis of 
peripheral blood lymphocytes from patients with 
kidney cancer treated with a dendritic cell vaccine 
and high-dose IL-2 showed significant differences 
in the genomic profiles of patients and healthy age-
matched donors. Patients showed upregulation of 
gene pathways consistent with immune stimulation. 
In addition, patients who subsequently benefited 
from immunotherapy showed upregulation of an 
entirely different subset of genes than those for 
whom treatment would eventually fail.61

Another intriguing approach would be to assess 
tumor-infiltrating immune cells after immune-
based therapies. Although this may prove clinically 
challenging for some tumor locations, intriguing data 
are emerging showing that immune cell infiltration 
positively correlates with survival in patients treated 
with conventional therapies.62 Studies in common 
tumor types, including colorectal, ovarian, and 
pancreatic cancers,63–65 suggest that patients with 
enhanced immune cell infiltration of tumor have 
superior outcomes.62 One would expect that this 
would also be the case with immune-based therapies 
in these tumor types, and as image-guidance systems 
continue to improve, access to tumors will become 
increasingly feasible and safe. Correlative studies in 
future immunotherapy trials are required to further 
evaluate this hypothesis.

Conclusions
Ideally, immunologic correlates of immune response 
would be consistent predictors of clinical outcomes. 
However, the complexity and variability of the 
immune response may preclude the development 
of universal strategies for assessing outcomes of 
patients treated with immunologic agents. Future 
studies will focus on optimizing vaccine strategies, 
perhaps through deployment in combination with 
cytotoxic therapies, leading to standard measures 
of improvement, such as time to progression. This 
could maximize clinical effect while obviating the 
need for a prognostic evaluation of vaccine response. 
Long-range studies could also be designed to evaluate 
the effect of vaccine on tumor growth rate and 
overall survival, with the goal of validating short-
term growth rates as an indicator of response. Thus, 
although sipuleucel-T has set in motion a revolution 
in cancer treatment, future strategies, along with 
next-generation immune-based treatments, will 
cement its legacy.
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