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ABSTRACT
Therapeutic cancer vaccines represent a new class of
agents in the treatment of cancer. Sipuleucel-T is an
antigen-presenting cell– based vaccine that recently
demonstrated a significant 4.8-month improvement
in overall survival in advanced prostate cancer patients and was well tolerated. The findings of that
study have been met with skepticism, primarily because the agent did not change initial disease progression and yet led to longer survival. Although the
commonly accepted treatment paradigm suggests
that treatments should initially decrease tumor volume, perhaps vaccines work differently. Vaccines
may induce delayed responses not seen in the first few
months of therapy or they may initiate a dynamic immune response that ultimately slows the tumor
growth rate, resulting in longer survival. Subsequent
therapies may also combine with the induced immune

response, resulting in a combination that is more effective than conventional treatments alone. Also,
other treatments may alter tumor-associated antigen
expression, enhancing the immune response. Future
trials are currently planned to investigate these hypotheses; however, the results of the sipuleucel-T vaccine in prostate cancer should not be dismissed.
Results with another vaccine in prostate cancer are
similar, perhaps suggesting a class effect. In a broader
context, clinicians may need to reconsider how they
measure success. Several agents have been approved
that produce superior disease progression results, but
do not affect overall survival. Given the toxicity and
costs of cancer therapies, perhaps studies should put
more weight on long-term survival endpoints than on
short-term endpoints that may be less consequential.
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CURRENT APPROACHES TO TREATING
PROSTATE CANCER

Therapeutic Cancer Vaccines in Prostate Cancer

and placebo [17]. The results of this latest study ultimately
led to FDA approval of this first-in-class agent in April of
2010, despite the fact that many clinicians and researchers
in the oncology community are still wrestling with the concept of a survival benefit without any difference in the PFS
time [18]. The formal indication for this treatment is for
metastatic CRPC patients who have minimal or no symptoms from their disease [19].

HOW DID WE GET HERE? ORIGINS OF
STANDARD BENCHMARKS
As new agents are evaluated, standard criteria of clinical
benefit are required to determine efficacy. The World
Health Organization first addressed efficacy criteria in
1979, but the advent of new imaging techniques in the following two decades necessitated a more modern approach
[20, 21]. The Response Evaluation Criteria in Solid Tumors
(RECIST) were developed in 2000 through a collaboration
of the European Organization for Research and Treatment
of Cancer, the National Cancer Institute of Canada, and the
National Cancer Institute (NCI) of the U.S. [22, 23].
RECIST measure the success of a treatment by a reduction
in the size of metastatic lesions after therapy commences.
Progressive disease is defined as an increase in the cumulative size of target lesions by 20%, or the development of
any new lesions. It is important to note, however, that although RECIST were developed to be used as a tool in determining antitumor activity, improving survival should be
the ultimate goal of cancer therapeutics [22].
The true value of RECIST depends on the type and chemosensitivity of the tumor being treated and particular
treatment goals. For acute leukemias, RECIST are not relevant because persistent marrow involvement (even with
normal x-rays) heralds rapid clinical deterioration. Likewise, in patients with newly diagnosed high-grade lymphomas or testicular cancer, a minimal RECIST response
merits an immediate change in treatment [24]. The true
clinical benefit of short-lived RECIST responses for patients with widely metastatic lung, breast, or prostate cancer
remains enigmatic, especially with the use of some newer
targeted therapies.
The natural history of metastatic CRPC presents additional confounding variables when evaluating the benefits
of treatment. The majority of disease is found in bone lesions, as demonstrated in phase III trials of docetaxel in
which 50%– 60% of patients had metastasis only to bone [3,
4]. Significant changes in whole-body scintigraphy are rare
and remain unaddressed by even the most recent version of
RECIST [25]. For the remainder of the metastatic CRPC
patients with soft tissue lesions, a meager 12%–17% had radiographic “responses” [3, 4]. The fact that most soft tissue
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Six years after the U.S. Food and Drug Administration
(FDA) approved the use of docetaxel for the treatment of
prostate cancer, a therapeutic cancer vaccine has demonstrated improved survival times in a large randomized,
phase III trial in metastatic castration-resistant prostate cancer (CRPC) patients. Although this was, in fact, the second
trial of this agent to show superior survival results in CRPC
patients, data from the phase III trial of the sipuleucel-T
vaccine (Provenge威; Dendreon Corp., Seattle, WA) have
raised many questions [1].
Of the most prevalent solid tumor malignancies (lung,
colon, breast, and prostate), prostate cancer has the fewest
therapeutic options for patients with advanced disease. In
fact, until earlier this year, only one chemotherapeutic regimen had been shown to confer a survival benefit for the
nearly 200,000 men who will be diagnosed with prostate
cancer in 2010 and the ⬎27,000 who will succumb to the
disease [2]. The regimen of docetaxel and prednisone was
sanctioned by the FDA in 2004 for the treatment of metastatic CRPC based on longer survival time, by approximately 3 months [3, 4]. In spite of the obvious need for
additional treatments and promising preliminary studies,
most subsequent clinical trials in metastatic CRPC patients
have fallen short of clinical expectations [5–9].
Sipuleucel-T is a patient-specific therapeutic cancer
vaccine generated through the in vitro stimulation of the patient’s own peripheral blood mononuclear cells obtained by
leukapheresis. Antigen-presenting cells (APCs), including
dendritic cells, are activated by exposure to a prostatic acid
phosphatase (PAP)–GM-CSF fusion protein in vitro. The
activated cellular product is then reinfused into the same patient in three biweekly doses, with the goal of initiating a
dynamic immune response targeting PAP, within the context of class I major histocompatibility complex, on the surface of prostate cancer cells [10, 11]. It is important to note
that the therapeutic cancer vaccines discussed in this review
differ from traditional preventive vaccines (e.g., for infectious diseases) in that the primary goal of therapeutic cancer
vaccines is not to prevent disease but rather to generate an
active immune response against an existing malignancy.
After promising preliminary clinical trials, an initial
placebo-controlled phase III trial failed to meet its primary
endpoint of progression-free survival (PFS). Sipuleucel-T
did, however, provide evidence of a longer overall survival
(OS) time (25.9 months versus 21.4 months; p ⫽ .01) [12–
16]. Recently, a larger phase III trial that enrolled ⬎500 patients demonstrated a similar survival benefit (25.8 months
versus 21.7 months; p ⫽ .032), even though there was no
difference in terms of the PFS interval between the vaccine
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HOW CAN CANCER VACCINES IMPROVE OS
WITHOUT CHANGING PFS?
Sipuleucel-T is not the only therapeutic cancer vaccine to
demonstrate a benefit in terms of OS without any difference
in the PFS interval in metastatic CRPC patients. PSATRICOM (Prostvac™, developed by the NCI and licensed
to BN Immunotherapeutics, Mountain View, CA) is a vector-based vaccine that demonstrated an 8.5-month OS benefit relative to placebo (p ⫽ .015) in a 43-center randomized
phase II trial (n ⫽ 125), in spite of no difference in PFS,
compared with placebo [33–35]. A smaller trial at the NCI
demonstrated that PSA-TRICOM can generate a PSA-specific T-cell response within 3 months, and that these immune responses are associated with favorable survival
outcomes in spite of a short PFS interval [36].
The findings of these vaccine trials may suggest an important characteristic of therapeutic vaccines. A recent
analysis of metastatic CRPC patients demonstrated that patients with a short PFS interval had a very poor prognosis. It
should be noted, however, that that analysis did not include
patients treated with sipuleucel-T or PSA-TRICOM [37].
As opposed to cytoreductive agents, which have their greatest effects soon after the initiation of therapy, vaccines require time to generate an immune response, and evidence of
activity may therefore be delayed [38, 39]. This point is
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Figure 1. Tumor growth is a dynamic biologic process that is
the combined result of cells dividing and other cells dying. Intrinsic tumor biology, as well as extrinsic factors such as therapies, affect the tumor’s growth rate. However, chemotherapy
(red line) only affects the tumor growth rate while it is being
administered, which may result in a dramatic but transient response. Following discontinuation of chemotherapy, the
growth rate returns to its pretreatment slope, driven by the underlying biology of the tumor. Immunotherapy (blue line), on
the other hand, can alter the biology of the host by inducing an
active antitumor immune response including a memory response. This may not cause an immediate or dramatic change
in tumor burden, but continued cumulative slowing pressure
on tumor growth rate, especially if started early in the disease
course, may lead to substantially longer overall survival. The
arrow indicates the initiation of treatment; cross indicates time
of death from cancer.

demonstrated by mathematical models that use PSA kinetics to predict time of death for patients with metastatic
CRPC [40]. A review of prostate cancer clinical trials done
at the NCI in the last decade revealed an interesting pattern.
For patients who received chemotherapy, there was a very
close relationship between time on treatment and survival.
After treatment was discontinued, pretreatment PSA kinetics resumed; time to death was thus predictable based on
similar pre- and post-treatment PSA trajectories. For patients treated with the PSA-TRICOM vaccine, PSA kinetics
did not immediately change while on treatment, but time of
death was well beyond what was predicted by the models
(Fig. 1) [41]. This analysis of patients treated with a vaccine
indicates that something, possibly an immune response, is
inducing a more gradual disease progression post-treatment, and thus altering OS without short-term changes in
disease progression (Table 1). Although immune responses
can be initiated within 3 months of receiving a vaccine, it
appears that these responses are not sufficient at that point
to significantly reduce tumor size, but may eventually alter
the rate of tumor growth. Moreover, it is possible that the
immune response most relevant to antitumor therapy may
not be the one targeted by the vaccine, but a new immune
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disease in CRPC patients consists of lymph node metastasis
also presents problems, because nonspecific inflammation
or inflammation from an immune response generated by a
therapeutic cancer vaccine would certainly be misinterpreted as progressive disease by the RECIST [26 –28].
Somewhat unique to prostate cancer is the serum tumor
marker prostate-specific antigen (PSA), which plays a vital
role in managing and assessing response to hormonal therapies, but whose value in metastatic CRPC is still evolving
[29]. Preclinical studies involving the multikinase inhibitor
sorafenib (Nexevar威; Bayer HealthCare Pharmaceuticals
Inc., Wayne, NJ) demonstrated that the drug actually increases PSA secretion by tumor cells, resulting in patient
serum PSA elevations regardless of therapeutic benefit, including improvement on imaging studies [30]. These findings highlight the likelihood that, depending on the agent
used, changes in PSA may be difficult to interpret in patients with metastatic CRPC. Regardless of the state of disease, anxiety over rising PSA levels can cause a patient or
practitioner to prematurely discontinue a potentially effective therapy, either in standard practice or in a clinical trial
[31]. To forestall this result, the Prostate Cancer Clinical
Trials Working Group recently updated their recommendations, encouraging practitioners not to use rising PSA alone
as a reason to discontinue therapy in advanced disease [32].
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response to other tumor antigens in a phenomenon known
as antigen cascade or epitope spreading [42, 43]. For instance, the initial immune response to a vaccine can lead to
T cell–mediated killing, causing APCs to take up dying tumor cells and presenting other, more relevant, antigens to
the immune system. This combined, broader antitumor immune response may be more clinically relevant and may
lead to slower growth rates. Furthermore, this immune response can be maintained or even augmented following
subsequent therapies [39, 44].
There is a common perception that, because many patients treated with a vaccine receive chemotherapy after
progression, the chemotherapy alone is actually improving
survival, not the vaccine [1]. There are strong preclinical
and emerging clinical data suggesting that this perception is
not accurate. Murine studies indicate that the combination
of docetaxel and a vaccine creates a more effective antitumor response than either treatment alone, and that a vaccine
followed by taxanes maximizes the vaccine-induced immune response [45, 46]. Several follow-up studies in vaccine trials have also indicated that patients treated with a
vaccine do better than expected on subsequent chemotherapy [47, 48]. In patients with metastatic CRPC in particular,
there has been an intriguing analysis of response to chemotherapy after a vaccine. Patients treated in an earlier study
with either sipuleucel-T vaccine or placebo were evaluated
for OS after treatment with docetaxel. For the 51 patients
treated with the vaccine followed by chemotherapy, the OS
time was 34.5 months, compared with 25.4 months for the
31 patients who were randomized to placebo and then went

on to receive chemotherapy (p ⫽ .023) [49]. Taken together, these data suggest that docetaxel administered after
a vaccine may take advantage of a smoldering immune response, resulting in better outcomes. Chemotherapy may
also alter the phenotype of tumor cells, induce an antigen
cascade, or deplete regulatory cells, thereby enhancing or
boosting the immune response in addition to its cytotoxic
effects, resulting in a better outcome than with chemotherapy alone. Emerging data also suggest that cytotoxic chemotherapy may trigger a molecular “danger signal” that
ultimately leads to an enhanced immune response that
could capitalize on an ongoing immune response [50, 51].
It is important to note that therapeutic cancer vaccines
are not the only agents evaluated in patients with metastatic
CRPC that have led to a longer OS time without altering the
PFS interval. ZD4054 (zibotentan; AstraZeneca, London,
U.K.) is an endothelin-A receptor antagonist that was tested
in 312 metastatic CRPC patients at two doses, compared
with placebo. Although neither dose of zibotentan led to a
longer PFS interval, a subsequent analysis demonstrated
that both doses produced a longer survival time, by ⬎6
months (p ⫽ .052 for the 15-mg dose; p ⫽ .008 for the
10-mg dose) [5]. A larger phase III study is planned to confirm these findings [52].
Another immune-based therapy, ipilimumab (MDX1010; Bristol-Myers Squibb, New York), demonstrated
an OS advantage in metastatic melanoma patients without a change in disease progression. This agent blocks
the cytotoxic T lymphocyte antigen 4 molecule on T
cells, which can result in an augmented immune response
[53–55]. In that three-arm study, patients were treated
with either ipilimumab alone, ipilimumab in combination with an older peptide-based vaccine (GP100), or
GP100 alone used as an active control. The PFS times for
all three arms were 2.8 –2.9 months, but the OS time significantly favored patients receiving ipilimumab (10.1
months and 10.0 months, respectively), compared with
patients receiving GP100 alone (6.4 months; p ⫽ .0026,
p ⫽ .0004) [56].

DELAYED PROGRESSION VERSUS
LONGER SURVIVAL
While the OS benefit in vaccine trials without a longer
PFS interval has been met with great skepticism, a longer
PFS time without the benefit of a longer OS time has led
to FDA approval of bevacizumab (Avastin威; Genentech,
Inc., South San Francisco, CA) for metastatic breast cancer. This antibody, which targets the human vascular endothelial growth factor ligand, demonstrated a longer
PFS time when used as a first-line treatment in metastatic
breast cancer patients. Patients treated with paclitaxel
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Table 1. How can cancer vaccines improve overall
survival but not progression-free survival?
Delayed response
The generation of immune responses may take several
months, allowing initial growth of disease prior to
stabilization.
Changes in the tumor
Subsequent therapies may change tumor-associated
antigen expression on tumor cells, making them more
amenable to immune-mediated cell killing.
Changes in the immune response
Subsequent cytotoxic therapies may enhance the
immune response by depleting immune regulatory
mechanisms.
Chemotherapy-induced cytolysis may expose an
activated immune response to additional antigens that
can also be targeted in a broader immune response.
Chemotherapy-induced cytolysis may trigger a
molecular “danger signal” that leads to an enhanced
immune response.
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WHERE DO WE GO FROM HERE?
With the approval of this first-in-class agent, sipuleucel-T
has become the second FDA-approved treatment regimen
for patients with metastatic CRPC, based on a survival benefit. Moving forward, clinicians ultimately have to determine how to integrate therapeutic cancer vaccines into
clinical practice. They will then ask, “How do I assess the
success or failure of a vaccine if there is no immediate
change in pain, PSA, or PFS?” The question is appropriate,
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especially in the absence of standardized immunologic
biomarkers of response. The answer may involve fixed dosing of vaccines and sequential therapies with standard
agents such as docetaxel. Emerging immunologic response
data suggest that patients who derive benefit from therapeutic vaccines do so after only a few months of treatment [64,
65]. To further simplify matters, the sipuleucel-T vaccine is
only administered three times in 2-week intervals. However, because it is unlikely that all patients treated with sipuleucel-T will see a survival benefit, better tests are needed
to identify which patients are most likely to live longer following treatment with the vaccine.
Although fixed dosing addresses the above question
with regard to sipuleucel-T, the broader question about the
benefits of sequential treatment with a vaccine followed by
chemotherapy remains. The Eastern Cooperative Oncology
Group will investigate this issue in an upcoming study.
Metastatic CRPC patients will be randomized to initial
treatment with either standard docetaxel and prednisone or
3 months of PSA-TRICOM vaccine followed by docetaxel
and prednisone. The endpoint of the study will be OS. The
results of that study will determine whether chemotherapy
can indeed capitalize on a vaccine-induced immune response, or whether survival is unaffected by previous treatment with a vaccine.
The studies with the sipuleucel-T and PSA-TRICOM
vaccines outlined above not only provide important data on
potential clinical benefits but also force us to re-evaluate
current approaches to therapy and clinical research. Appropriate endpoints in clinical studies are vital to understanding the benefits of emerging agents and combinations.
Given growing public concern about the costs of health
care, it may become harder to justify the use of agents based
on fleeting changes in PFS that do not affect survival outcomes. Perhaps the questions surrounding prostate cancer
vaccines will broaden our understanding of this new class
of agents and lead to a re-evaluation of our current standards. This will help to ensure that we are not confusing potentially transient intermediate endpoints such as PFS with
successful long-term benefit for our patients.
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and bevacizumab had a median PFS interval of 11.8
months, compared with a median PFS interval of 5.9
months for those treated with paclitaxel alone (p ⬍ .001).
In spite of the impressive doubling of the PFS time, the
median OS times were 26.7 months and 25.2 months
(p ⫽ 0.16) [57]. Nonetheless, these findings were sufficient for the FDA to give fast-track approval for bevacizumab in this setting [58]. Two other, more recent, trials
also combined chemotherapy with bevacizumab in the
same population, again with a longer PFS interval without a significant difference in the OS time at the current
follow-up [59, 60].
Further evidence of the unreliability of PFS as an endpoint in clinical trials is seen in the fleeting effects of bevacizumab in the adjuvant treatment of colon cancer
patients. Over 2,500 men with stage II and stage III colon
cancer were treated with adjuvant chemotherapy with or
without bevacizumab. Patients treated with bevacizumab
received the drug for either 6 months or 12 months. There
was a suggestion that patients on bevacizumab for 12
months had an initially higher PFS rate after 1 year; however, the superior PFS result was no longer significant at
a later follow-up [61]. These and other studies cast doubt
on the sustainability of PFS benefits seen in some clinical
trials, and this, in turn, has implications for patient care,
given the potential side effects of some treatments as
well as related financial considerations [62, 63].
Although multiple therapies are available for patients
with metastatic colon and breast cancer, and these therapies may obscure the ultimate OS benefit in spite of an
initial improvement in PFS, this is not the case with prostate cancer. Prior to 2010, in metastatic CRPC patients,
there was only one regimen demonstrated to affect survival and approved by the FDA. If the vaccines are truly
inert and the lack of a difference in PFS accurately demonstrates a lack of activity, one would expect all patients
to move on to the one standard regimen and derive a similar clinical outcome, instead of a 4-month survival benefit in patients treated with sipuleucel-T [17].
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