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Abstract

In April 2010, sipuleucel-T became the first anticancer vaccine approved by the United States

Food and Drug Administration. Different from the traditional chemotherapy agents that produce

widespread cytotoxicity to kill tumor cells, anticancer vaccines and immunotherapies focus on

empowering the immune system to overcome the tumor. The immune system consists of innate

and adaptive components. The CD4+ and CD8+ T cells are the most crucial components of the

adaptive arm of the immune system that act to mediate antitumor responses. However, T-cell

responses are regulated by intrinsic and extrinsic mechanisms, which may interfere with effective

antitumor responses. Many anticancer immunotherapies use tumor-associated antigens as vaccines

in order to stimulate an immune response against tumor cells. Sipuleucel-T is composed of

autologous mononuclear cells incubated with a fusion protein consisting of a common prostate

cancer antigen (prostatic acid phosphatase) linked to an adjuvant (granulocyte-macrophage

colony-stimulating factor). It is postulated that when the vaccine is infused into the patient, the

activated antigen-presenting cells displaying the fusion protein will induce an immune response

against the tumor antigen. In a recent randomized, double-blind, placebo-controlled, phase III

clinical trial, sipuleucel-T significantly improved median overall survival by 4.1 months in men

with metastatic castration-resistant prostate cancer compared with placebo. Although overall

survival was improved, none of the three phase III clinical trials found a significant difference in

time to disease progression. This, along with cost and logistic issues, has led to an active

discussion. Although sipuleucel-T was studied in the metastatic setting, its ideal place in therapy is

unknown, and clinical trials are being conducted in patients at different stages of disease and in

combination with radiation therapy, antiandrogen therapy, and chemotherapy. Various other

anticancer vaccines and immunotherapies for other tumor types are currently under investigation

and in clinical trials. These immunotherapies were formulated to incorporate tumor-associated

antigens aimed at stimulating effector T-cell responses or to block regulatory mechanisms that

suppress the function of effector T cells. Additional studies will determine how these therapies can

best improve clinical outcomes in patients with cancer.

For reprints, visit http://www.atypon-link.com/PPI/loi/phco. For questions or comments, contact Diana H. Cauley, Pharm.D., BCOP,
Division of Pharmacy, Unit 90, The University of Texas M.D. Anderson Cancer Center, 1515 Holcombe Boulevard, Houston, TX
77030; dcauley@mdanderson.org.

NIH Public Access
Author Manuscript
Pharmacotherapy. Author manuscript; available in PMC 2014 September 10.

Published in final edited form as:
Pharmacotherapy. 2011 August ; 31(8): 813–828. doi:10.1592/phco.31.8.813.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.atypon-link.com/PPI/loi/phco


Keywords

tumor immunology; sipuleucel-T; immunotherapy; anticancer vaccines; advanced prostate cancer

In April 2010, sipuleucel-T (Provenge; Dendreon Corp., Seattle, WA) was the first vaccine

therapy approved by the United States Food and Drug Administration (FDA) for the

treatment of cancer. A novel active immunotherapy, sipuleucel-T is indicated for men with

asymptomatic or minimally symptomatic metastatic castration-resistant prostate cancer

(mCRPC).1 Vaccine therapy represents a new class of agents compared with traditional

cancer therapies such as surgery, radiation therapy, chemotherapy, and targeted agents.

These traditional treatment modalities aim to cure or palliate symptoms of the disease

through largely non–immune-mediated actions such as direct cytotoxic effects or by

affecting cellular pathways. Although these modalities are the standard of care, their

effectiveness can be limited by their toxicity on other tissues and in metastatic disease.

Vaccine therapy or immunotherapies, however, aim to stimulate the immune system and

activate an appropriate immune-mediated response against malignant cells.

The concept of harnessing the immune system through vaccination to fight a malignancy

was first documented by Dr. William Coley, a surgeon in New York City, at the turn of the

last century.2 He observed that a patient’s sarcoma regressed after becoming infected with

Streptococcus pyogenes. Based on this initial observation and other reported cases, Dr.

Coley began to directly infect tumors with two killed bacteria, S. pyogenes and Serratia

marcescens, to induce a fever. Although he is noted to have treated hundreds of patients, his

idea was not widely accepted at the time and was left unstudied for many decades.

Since the gateway to cancer vaccines and immunotherapy has been opened with the

approval of sipuleucel-T, understanding the design and use of these agents will be important.

Therefore, we provide a review of tumor immunology, with a focus on sipuleucel-T’s design

and trials leading to its approval, and the complicated logistics surrounding the availability

of the vaccine. Finally, other cancer vaccines and immunotherapies under investigation are

briefly reviewed.

Tumor Immunology

The immune system consists of innate and adaptive components. The innate immune system

encompasses phagocytic cells (e.g., neutrophils, monocytes, and macrophages), natural

killer cells, and cells that release inflammatory mediators (e.g., basophils, mast cells, and

eosinophils). Macrophages and dendritic cells function as antigen-presenting cells (APCs),

which serve as a bridge from innate to adaptive immunity. The innate immune system’s

response to invading pathogens is nonspecific and does not form memory. However, the

adaptive immune system remembers encounters with specific pathogens and amplifies its

defense in response to subsequent encounters. Therefore, immunization with vaccines takes

advantage of the memory-forming ability of the adaptive arm of the immune system.3, 4

The adaptive arm of the immune system consists of B cells and T cells. The B lymphocytes

produce antigen-specific antibodies and are primarily responsible for defending against
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extracellular microorganisms.3, 4 The T lymphocytes are responsible for killing intracellular

pathogens, as well as augmenting the B cell’s ability to make antibodies. The APCs are key

mediators in the activation of T lymphocytes. In general, effector T lymphocytes express

either CD4 or CD8 cell-surface molecules. The CD4+ T lymphocytes are also known as T-

helper cells. These can be further differentiated into T-helper 1 and T-helper 2 cells. The T-

helper 1 cells are involved in cell-mediated immunity by activating macrophages and

cytotoxic T cells through the release of inflammatory mediators, interleukin (IL)-2, and

interferon-γ. The T-helper 2 cells secrete IL-4, IL-5, IL-6, and IL-10, which are mostly

involved in facilitating B-cell production of antibodies. The CD8+ T lymphocytes, also

known as cytotoxic T cells, carry out direct killing effects. Recently, CD4+ T cells were also

shown to have cytotoxic effects in a mouse tumor model.5 The T cells are the most crucial

component in mediating antitumor responses induced by cancer vaccines and

immunotherapies.

Naïve T lymphocytes, which have never encountered an antigen, are not inherently active.

Instead, they must be activated by a two-step process to carry out their killing effects (Figure

1).6 The first step requires an encounter between a T lymphocyte and an APC, most

commonly a primed dendritic cell. A primed dendritic cell has engulfed an antigen and

processed it internally with major histocompatibility complex (MHC) proteins. The antigen-

MHC complex is then presented on the dendritic cell’s surface and engages the T-cell

receptor. The MHC class presented determines which type of T cell will respond: MHC

class I binds CD8+ T cells and MHC class II binds CD4+ T cells. The second step in T-cell

activation occurs through the binding of costimulatory molecules, B7-1 (CD80)/B7-2

(CD86) and CD28, on the surface of the APCs and T cells, respectively7 The B7:CD28

interaction is a critical costimulatory mechanism for the activation of T cells. The T cells

can become anergic if either of these two signals is weak or absent.8

Regulatory mechanisms come into play once a T cell has become activated through the two-

step activation process. Cytotoxic T-lymphocyte antigen (CTLA)-4 is a critical intrinsic

coinhibitory molecule that regulates T-cell activity9, 10 The CTLA-4 is induced and

expressed on the cell surface within 2–3 days of T-cell activation.11, 12 The CTLA-4 has a

100-fold higher affinity for B7-1 and B7-2, and therefore outcompetes CD28 for B7 ligation.

Through its interaction with the B7 receptor, CTLA-4 causes cell cycle arrest in the g1

phase by inhibiting the cascade of kinases within the cell and decreasing IL-2 production.12

Another coinhibitory molecule on T cells is programmed death (PD)-113; PD-1 binds to PD-

L1 and PD-L2 receptors, which can be detected on activated T cells as well as other cells of

the immune system. These coinhibitory molecules are discussed later as other strategies

behind the design of cancer immunotherapies.

Aside from intrinsic mechanisms that regulate effector T-cell activity, extrinsic mechanisms

such as regulatory T (Treg) cells act to control T-cell function. The Treg cells are a subset of

CD4+ T cells with suppressive activity. Naturally occurring Treg cells are constitutively

produced in the thymus gland and are responsible for maintaining self-tolerance. These cells

depend on the expression of the transcription factor Foxp3 and constitutively express

CTLA-4 and the α chain of the IL-2 receptor (CD25).14, 15 Inducible Treg cells can be

generated from naïve T cells in the periphery under certain conditions. Conditions such as
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low antigenic stimulation, influence of transforming growth factor-β, or T-cell activation

despite a noninflammatory environment have been identified as factors that could contribute

to the induction of Treg cells.16, 17

The process by which the tumor overcomes the immune system is complex and continues to

be an area of study. One model of tumor-induced immunosuppression has been described as

immunoediting.18 This encompasses the three Es: elimination, equilibrium, and escape. In

the first phase of immunoediting, the immune system is in a mode called

immunosurveillance. During this phase, the immune system can recognize tumor-associated

antigens (TAAs) and eliminate those cells expressing the TAA through natural processes, as

reviewed above. The second phase is characterized by the immune system and the tumor

being in a state of equilibrium. Eventually, however, resistant tumor cells will be selected

for and escape immunosurveillance. This is where clinically evident disease and tumor

progression come to fruition.18 Resistant tumor cells can “hide” from effector T cells

through downregulation of costimulatory molecules19 and loss of TAAs or MHC class I

surface molecules.20

The tumor can create its own microenvironment through the secretion of cytokines, growth

factors, and signals that can downregulate the immune response.21 Release of IL-10 from

tumors has been found to decrease production of stimulatory cytokines, tumor necrosis

factor-α, and interferon-γ.22 Tumor-derived transforming growth factor-β can suppress

various cells of the adaptive immune system through negative interaction with dendritic

cells and inhibition of IL-2.23 The tumor can also release vascular endothelial growth factor,

a potent blocker of dendritic cell differentiation and maturation.24 The resultant weakened

dendritic cells create T-cell nonresponsiveness and indirectly promote tumor growth.

Prostate Cancer as Model for Tumor Immunology

Prostate cancer is the most common cancer diagnosis and second leading cause of cancer-

related death among men, with approximately 217,730 new cases and 32,050 deaths in

2010.25 Androgen ablative therapy by bilateral orchiectomy or treatment with either a

luteinizing hormone– releasing hormone agonist or antagonist is considered standard initial

treatment for patients with metastatic disease or biochemical recurrence after localized

therapy.26 The average response duration to androgen ablative therapy is 18–24 months

before progression to a castrate-resistant disease state. Until recently, docetaxel with

prednisone was the only chemotherapy shown to significantly improve overall survival in

men with mCRPC, yielding an average survival of 18–20 months.27, 28 Cabazitaxel in

combination with prednisone, approved in the summer of 2010, became the second agent to

show improved survival in men with docetaxel-refractory CRPC.29 Limited treatment

options exist, however, after failure or progression with these regimens.

Before cancer vaccines, chemotherapy in men with mCRPC had been implemented for

palliation or for objective measurable disease that appeared threatening. The rationale for

cancer vaccines, however, is completely different from the use of chemotherapy in these

patients. Treatments such as chemotherapy and other targeted agents tend to become

ineffective over time due to the development of drug resistance by tumor cells. However, in

the setting of immune-based therapies, the adaptive arm of the immune system is capable of
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generating immune responses to the multitude of mutations within the tumor cells, thus

making it likely that an activated immune response can lead to long-term control of cancer.

However, to enable such an immune response will require an in-depth understanding of the

many mechanisms that act to suppress immune responses and the use of combination

therapies to overcome the various methods of immune suppression.

Prostate cancer is an attractive disease state for the study of immunotherapies for many

reasons.30, 31 Typically, prostate cancer can be characterized as a slow-growing disease that

is responsible for the prolonged disease course even among patients with mCRPC. This

lengthy time frame affords the patient’s immune system time to develop an immune

response that is necessary when studying the effects of novel immuno-therapies. It has been

found that the prostate gland in men with prostate cancer is infiltrated with tumor-tolerant

CD4+ cells, CD8+ cells, and Treg cells, suggesting a highly immune-mediated process ideal

for studying immunotherapy.32, 33 As in other types of cancer, most prostate cancers are

epithelial adenocarcinomas. Therefore, immunotherapies developed now for prostate cancer

could be a resource for other cancer types later.

Biomarkers, such as prostate-specific antigen (PSA) and other TAAs such as prostatic acid

phosphatase (PAP) and prostate-specific membrane antigen (PSMA), are specific to prostate

cancer and can be useful in the study of immuno-therapies. The various TAAs in prostate

cancer are well described and tend to be specific to prostate cells, providing targets for

immunotherapy.34

Sipuleucel-T

Pharmacology

Sipuleucel-T is a personalized therapy made from the patient’s autologous peripheral blood

mononuclear cells collected by leukapheresis. The erythrocytes, platelets, and low-density

lymphocytes and monocytes are removed from the 1.5–2-L leukapheresis volume, leaving

behind dendritic cells, T cells, B cells, and natural killer cells.35, 36 In a 36–44-hour

incubation process, the patient’s monocytes are cultured ex vivo with a fusion protein,

PA2024. This fusion protein is made of the whole, recombinant, human PAP fused with an

adjuvant, granulocyte-macrophage colony-stimulating factor (GM-CSF). It is postulated that

during incubation, the dendritic cells internally process the fusion protein and present the

antigen-MHC complex on their surface.35 It is also postulated that once the vaccine is

infused into the patient, the activated dendritic cells displaying the fusion protein will induce

CD4+ and CD8+ immune cells against the tumor antigen, PAP, while GM-CSF enhances

maturation of the dendritic cells (Figure 2).1, 31

Clinical Trials

Phases I and II—In a phase I trial, sipuleucel-T was studied in 13 men with progressing

hormone-refractory metastatic prostate cancer defined by rising PSA levels and

radiographically apparent disease.37 Each patient received two infusions of APC8015

(sipuleucel-T) at weeks 0 and 4. To evaluate if humoral immunity could also be stimulated

after active immunotherapy, patients were assigned to receive a subcutaneous injection of

PA2024, the fusion protein without dendritic cells, in varying doses of 0.3, 0.6, or 1 mg/

Hammerstrom et al. Page 5

Pharmacotherapy. Author manuscript; available in PMC 2014 September 10.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



injection at weeks 8, 12, and 16. Twelve patients were evaluated for treatment response

defined by PSA levels and T- cell reactivity. A decrease in PSA levels of 50% was found in

three patients, although one patient had disease progression despite a PSA level reduction.

There were no radiographic responses. After two infusions of sipuleucel-T, all evaluable

patients had in vitro T-cell proliferation in response to both components of the fusion

protein, GM-CSF and PAP (p=0.0004 and p=0.0001, respectively). The median time to

disease progression of 135 days (range 30–274 days) was similar to that of patients treated

with standard chemotherapy.

In sequential phase I and phase II trials, researchers determined the safety and efficacy of

sipuleucel-T alone and its ability to induce immune responses to the fusion product of PAP

and GM-CSF known as PA2024.35 Immune responses detected to PA2024 were likely due

to the neoepitope that was created by the linker region used to join the PAP and GM-CSF

proteins. A total of 31 patients with hormone-refractory prostate cancer with evidence of

disease progression either by rising PSA level or positive radiographic results were enrolled:

12 in the phase I study and 19 in the phase II study. Patients in the phase I group had an

average PSA level of 209 ng/ml (range 26.3–1007 ng/ml), were more likely to have

metastatic disease, and were more heavily pretreated. In the phase I trial, each cohort

consisted of three men who received escalated dose levels of sipuleucel-T (0.2 × 109, 0.6 ×

109, 1.2 × 109, and 2 × 109 nucleated cells/m2) at weeks 0, 4, and 8. In addition, five of the

12 men were given doses of a control antigen, APC8017 (keyhole limpet hemocyanin

[KLH]-loaded dendritic cells) to ensure specific T-cell responses to sipuleucel-T.

In the phase II trial, 19 patients without radiologic evidence of metastatic disease were

enrolled with an average PSA level of 14.5 ng/ml (range 3.4–216 ng/ml).35 Patients in this

trial received the maximum dose of nucleated cells that could be prepared from

leukapheresis at weeks 0, 4, and 8.

Data from the two trials were pooled into one analysis. After two to three infusions of

sipuleucel-T (8–12 wks), 100% of the patients had maximal T-cell responses to PA2024.35

Proliferation of T cells in response to PAP alone developed in 38% of patients who had not

previously exhibited a response. Six patients experienced a greater than 25% decrease in

PSA level; no patient had a radiographic improvement. Median time to disease progression

was 12 weeks and 29 weeks in the phase I and phase II studies, respectively. In those who

developed an immune response to PAP, median time to disease progression was 34 weeks

compared with 13 weeks in those who did not develop a response (p<0.027). Those who

received dendritic cell doses greater than 100 × 106 cells/infusion also had a significantly

longer time to disease progression (31.7 vs 12.1 wks, p=0.013).

In 2004, another group of investigators performed a phase II study to evaluate the effect of

sipuleucel-T infusions followed by PA2024 subcutaneous injections at the maximum dose of

1 mg/injection.36 Twenty-one patients with hormone-refractory prostate cancer were

administered sipuleucel-T in two doses 2 weeks apart followed by three subcutaneous

injections of PA2024 given monthly. Nineteen of 21 patients were evaluable. Two patients

had a more than 25% decrease in PSA level, although this was transient. A third patient had

a significant decrease in PSA to undetectable levels at 24 weeks, which was sustained for at
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least 4 years. No patient, except the patient who had undetectable levels for 4 years, had a

radiographic response. Median time to disease progression was 118 days. When compared

with results with sipuleucel-T used alone, these results suggest that the addition of

subcutaneous PA2024 did not add significant benefit.

Phase III—One phase III, multicenter, randomized, double-blind, placebo-controlled trial

(D9901) measured time to disease progression and median overall survival in patients

receiving sipuleucel-T.38 Patients enrolled in the trial had mCRPC with radiographically

apparent disease, serum testosterone level less than 50 ng/dl, expected survival of 3 months

or longer, Eastern Cooperative Oncology group (ECOg) performance status of 0 or 1, and

25% or more of their cells positive for PAP by immunohistochemistry staining. Patients who

had bone pain, used opioids for cancer- related pain, had visceral metastases, were receiving

concurrent systemic corticosteroids, or who had already received an immunotherapy were

not eligible. A total of 127 patients were randomly assigned in a 2:1 ratio to sipuleucel-T (82

patients) or placebo (45 patients). After disease progression, patients in the placebo group

were allowed to cross over and receive sipuleucel-T and patients in either group could

proceed with other anticancer treatments. Patients received sipuleucel-T or placebo at weeks

0, 2, and 4. Baseline characteristics were different between the sipuleucel-T and placebo

groups only with regard to occurrence of bone-only disease (42.7% vs 26.7%) and presence

of 10 or more bone metastases (40.2% vs 26.7%), although the differences were not

statistically significant. Only 5–10% of the study population had received chemotherapy.

Progression was defined as radiographically apparent disease progression, new pain

associated with a metastatic lesion, or other clinical events associated with progression

(spinal cord compression, nerve root compression, or pathologic fracture). Of the 127

evaluable patients, 115 (90.5%) had disease progression. Time to disease progression did not

differ significantly between the two groups (Table 1). In the sipuleucel-T group, 55.7%

received subsequent chemotherapy compared with 62.8% in the placebo group. Although

not powered for overall survival, the sipuleucel-T group had a survival advantage of 4.5

months over the placebo group (p=0.01). The estimated survival rate at 36 months was 34%

for sipuleucel-T and 11% for placebo (p=0.005). Cox regression analysis revealed that when

overall survival was adjusted for five different variables, the effect remained statistically

significant (p<0.02, hazard ratio [HR] 2.12, 95% confidence interval [CI] 1.31–3.44).

While the D9901 study was being conducted, another identical phase III trial (D9902A) was

under way.39 Enrollment in D9902A was closed at 98 patients of the planned 120 patients,

due to probable futility of meeting its primary end point, time to disease progression. This

was based on the initial time to disease progression results of D9901 and before its favorable

overall survival results had been released. After the 36-month overall survival results from

D9901 were released, D9902A was amended to become D9902B in which its primary end

point was overall survival instead of time to disease progression.39, 40 These results are

discussed later.

In the 98 patients enrolled in D9902A, several baseline characteristics, namely, the number

of patients with more than 10 bone metastases, and the PSA, alkaline phosphatase, and

lactate dehydrogenase levels, were less likely or lower in the placebo group.39 Time to
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disease progression, the primary end point, did not differ significantly between the two

groups. There was a 21% risk reduction in death for patients treated with sipuleucel-T

compared with those receiving placebo, although this was not statistically significant. When

adjusted for baseline factors, overall survival trended in favor of patients treated with

sipuleucel-T (Table 1).

Since the D9901 and D9902A trials were identical, their pooled results were analyzed to

estimate an overall treatment effect.38, 39 Only five of 147 patients receiving sipuleucel-T in

both studies had a greater than 50% reduction in PSA level. Pooled time to disease

progression was not significant between sipuleucel-T and placebo; however, patients in the

sipuleucel-T group had a median overall survival advantage of 4.3 months over placebo

(Table 1).

The D9902B study, or the Immunotherapy for Prostate Adenocarcinoma Treatment

(IMPACT) trial, was a randomized, double-blind, placebo-controlled, multicenter, phase III

trial that studied 512 men with mCRPC as evidenced by rising PSA levels or

radiographically apparent disease with an expected survival of more than 6 months.40

Different from the previous phase III studies, men with minimally symptomatic disease were

included in this trial. Men were excluded if they had an ECOg performance status of 2 or

more, metastases other than bone, complications from bone disease (i.e., spinal cord

compression, pathologic long-bone fractures), were receiving corticosteroids, or had

received two or more previous chemotherapies.

Patients were randomly assigned in a 2:1 ratio to receive sipuleucel-T (341 patients) or

placebo (171 patients) given as an infusion every 2 weeks for three doses. Contrary to the

other phase III trials, the primary end point for the IMPACT trial was overall survival,

defined as death from any cause. The secondary end point was time to objective disease

progression as monitored at specified intervals by computed tomography and bone scans.

Baseline characteristics did not differ significantly between the two groups. The average

patient age was 71 years, 12–15% of patients in each group had received chemotherapy, and

half of patients in each group had a baseline pain score of 0.

Patients receiving active treatment had a relative risk reduction in death of 22% (p=0.03;

Table 1). This was associated with a 4.1-month longer survival time (25.8 mo with

sipuleucel-T vs 21.7 mo with placebo). The estimated 36-month survival was 31.7% in the

sipuleucel-T group compared with 23% in the placebo group, which was similar to that

found in a previous phase III trial.38 Therapy with sipuleucel-T was still favored when

adjusted for over 20 baseline characteristics known to be associated with poor survival. As

seen in the other phase III trials, time to objective disease progression did not differ

significantly between the two groups (Table 1).

Patients whose disease progressed while taking placebo were allowed to cross over into the

vaccination arm, and both groups could receive other anticancer treatment. Further

anticancer treatments were administered to 81.8% of patients who received sipuleucel-T and

73.1% of patients in the placebo group. Of those, 57.2% of patients in the sipuleucel-T

group and 50.3% of patients in the placebo group received docetaxel-based therapy. To
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measure the possibility of docetaxel confounding the results, the study investigators adjusted

for the effect of docetaxel on the treatment effect of sipuleucel-T. The treatment effect of

sipuleucel-T after docetaxel use remained significant over placebo (HR 0.65, 95% CI 0.47–

0.90, p=0.009).

Questions Remaining from the Clinical Trial Results—Although sipuleucel-T has

shown promising results, leading to its approval by the FDA in April 2010, the design and

end points of the trials have been criticized. Some suggest that the trials should have chosen

a better control to ensure that the actual treatment effect is from the tumor antigen alone. A

reasonable placebo would include GM-CSF so that the only distinguishing feature between

placebo and treatment would be the PAP antigen.41

In addition, patients in the placebo groups were allowed to cross over to receive sipuleucel-T

therapy, which consisted of the patients’ autologous cells that were incubated with PA2024,

then frozen until needed, and thawed before administration. Whether this frozen and thawed

product represents active therapy remains questionable. Another question that remains is

whether administration of the thawed cells at the time of crossover led to a delay in the

administration of active chemotherapy, thus negatively impacting overall survival. Despite

these unanswered questions, the median survival time of the placebo group compares with

that seen with similar control groups in other randomized trials.40 Many patients received

chemotherapy once their disease progressed. Although studies accounted for the effect that

subsequent treatment could have on overall survival, there could again be some confounding

variables influencing the outcomes, such as the duration of time that existed between

treatments.41

The most perplexing finding with sipuleucel-T was how time to disease progression, defined

by lack of radiographic response or change in PSA level, was not changed whereas overall

survival was prolonged. This is contrary to current experience with cytotoxic chemotherapy

such that an increase in overall survival would correlate with regression of disease. Perhaps

there is a method by which immunotherapies interact with the cancer or some as yet

unidentified variable that is influencing the results.40, 41 Clinical trials showed that an

immune response was generated months after treatment with sipuleucel-T.35, 36 This could

possibly allow initial tumor growth. This paradox has begun a discussion on whether the

current assessment of progressive disease with use of the response evaluation criteria in

solid tumors (RECIST criteria) is appropriate when measuring response to

immunotherapies.42 Two principles underlie the RECIST criteria: chemotherapy shrinks

tumors, and tumor shrinkage leads to patient benefit. As is seen in multiple trials, tumor

shrinkage does not usually occur with immunotherapies, although a benefit cannot be

excluded.38–40 To this extent, new guidelines have been proposed to measure response to

immunotherapies in solid tumors.43

The failure to improve time to disease progression but still prolong overall survival can

partially be explained through models that follow PSA level to predict death.42, 44 In

general, PSA level changes can be difficult to interpret and should not determine therapy

alone. However, following PSA level trends has led to interesting findings. Clinical trials

using conventional chemotherapy to treat patients with mCRPC were reviewed at the
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National Cancer Institute. The tumor burden as inferred from PSA levels declined

accordingly while patients were receiving treatment, but once treatment was stopped, PSA

levels began to increase at the same rate as before chemotherapy (Figure 3).42 However, in

an analysis of the PSA-TRICOM (a vaccine containing a poxvirus vector encoding for PSA

and three costimulatory molecules: B7-1, intercellular adhesion molecule-1 [ICAM-1], and

LFA-3), PSA levels changed independent of whether or not the patient was receiving

treatment.42 This suggests that while vaccines may not alter the size of the tumor, they may

reduce the rate of their growth even after therapy is completed.

Dosing and Administration

Sipuleucel-T is administered as a 60-minute infusion at weeks 0, 2, and 4.1 Leukapheresis is

performed 2–3 days before the scheduled date of infusion. If a dose is not able to be given

on time, another leukapheresis session is necessary. Each infusion of sipuleucel-T consists

of at least 50 million autologous CD54+ cells, since clinical trials have shown that the

number of CD54+ cells in each infusion correlates with improved benefit.35 The final

product of cells are suspended in a cream-to-pink–colored 250-ml bag of Ringer’s lactate

solution. Patients should receive pretreatment with acetaminophen and an antihistamine to

reduce the risk of infusion-related reactions before each dose.1

Safety

The vaccine was well tolerated in all of the phase III trials.38–40 There were no deaths

attributed to sipuleucel-T during infusion or up to 30 days afterward. The most common

events occurring in greater than 20% of patients in all three trials were infusion-related

reactions, including chills, fatigue, back pain, nausea, and arthralgias. Most adverse events

were mild to moderate (76.2% for the combined analysis of the D9901 and D9902A studies

and 65.2% in the IMPACT study).39, 40 Among serious adverse events seen in clinical trials,

the occurrence of cerebrovascular events (hemorrhagic, ischemic, or embolic strokes;

transient ischemic attack; or hemorrhage from metastatic brain lesion) were reported higher

among the sipuleucel-T groups. In the D9901-D9902A analysis, 7.5% of patients in the

sipuleucel-T group versus 2.6% in the placebo group experienced a cerebrovascular event.39

The IMPACT trial reported a 2.4% rate of cerebrovascular events in sipuleucel-T–treated

patients compared with 1.8% in the placebo group.40 As a result of the serious data on

cerebrovascular events, the FDA is requiring a postmarketing study to further clarify the risk

of cerebrovascular events in 1500 patients who will receive sipuleucel-T. This is to be

completed by 2015. In the interim, reports are required to be submitted every 6 months.45

Logistic and Economic Concerns

The cost of sipuleucel-T is $93,000 for the three infusions, which correlates to a $23,000/

month-of-survival advantage.46 In contrast, data from a retrospective registry estimated the

monthly cost of care for patients with mCRPC receiving standard therapy to be $1800,

although some patients in this database had not received docetaxel.41, 47 In terms of quality-

adjusted life-year, the cost of sipuleucel-T is $279,000.41. The median incremental cost-

effectiveness ratios per quality-adjusted life-year of breast, colorectal, and lung cancers in

2008 U.S. dollars were $27,000, $22,000, and $22,000, respectively.48 Furthermore, most

men with prostate cancer are of an age that they receive Medicare benefits; sipuleucel-T has
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become included in the most recent National Comprehensive Cancer Network guidelines,

which correlates with Medicare approval and payment. On March 30, 2011, after a year-

long coverage analysis, the Centers for Medicare and Medicaid Services issued a

preliminary statement “that the evidence is adequate to conclude that sipuleucel-T…is

reasonable and necessary” for its indication. A final decision is pending public

comments.46, 49

Another limitation for sipuleucel-T is its accessibility by patients. In the first 12 months,

sipuleucel-T therapy will be limited to 2000 patients.46 This is due to the manufacturing

capability of Dendreon Corporation, the sponsoring biotechnology company. Sipuleucel-T is

manufactured in one facility in New Jersey. Plants in two other U.S. cities have started

construction.50

Until all operating plants are fully functional, logistics can become a limiting factor. Patients

undergo leukapheresis 2–3 days before the scheduled infusion.1 This collection must be sent

to the company where the cells are incubated in a media containing the fusion protein for

36–44 hours.40 These cells must then be delivered back to the patient’s treatment center by

courier in time for the scheduled infusion.

Place in Therapy

The current National Comprehensive Cancer Network guidelines for prostate cancer reflect

the results from the phase III trials. Sipuleucel-T is a category 1 treatment recommendation

for patients with evidence of metastatic disease during androgen deprivation therapy. These

guidelines specify that sipuleucel-T is only recommended in patients with a good

performance status, minimally symptomatic disease, and a life expectancy of more than 6

months.26

Despite the clinical studies, the ideal role of sipuleucel-T in patients with prostate cancer and

the potential synergy of sipuleucel-T with other therapies have not been elucidated. These

questions are being explored in patients without metastatic disease. Although sipuleucel-T

has been primarily studied and approved in patients with metastatic disease,

immunotherapies might be more efficacious if used earlier in the disease process or in

combination with other treatment modalities. Anticancer vaccines have been studied in

combination with radiation therapy.51 By design, radiation causes tumor cell death. Dying

tumor cells release inflammatory mediators and TAAs, which could be processed by APCs

to provoke an adaptive immune response.31 In a randomized phase II trial to study the

effects of radiation on immune responses, 30 patients were randomly assigned, in a 2:1 ratio,

to receive combination therapy with a poxviral-based PSA vaccine and radiation or to

receive radiation alone.51 Of the 17 patients in the combination arm, 13 (76%) had at least a

3-fold increase in T cells specific for PSA compared with no increases in the placebo arm

(p<0.0005).

Androgen deprivation therapy is the standard of care for patients with advanced prostate

cancer.26 Studies of immune responses after androgen deprivation therapy in patients with

prostate cancer have revealed that the prostate gland becomes infiltrated with activated

CD4+ T cells.52 Studies in castrated mice have also noted a regeneration of thymic
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production of T cells.53 Therefore, combining immunotherapy with androgen deprivation

therapy could enhance an already present immune process. In one trial with a crossover

design, 41 patients received either a poxviral-based PSA vaccine or nilutamide, an

antiandrogen agent, alone, and then at progression the patients were treated with both agents

together.54 Median survival for patients who received the vaccine first versus those

receiving nilutamide first trended in favor of the vaccine-first group (5.1 vs 3.4 yrs, p=0.13).

However, in the 20 patients who crossed over to combination therapy, those who received

vaccine first survived a median of 6.2 years versus 3.7 years in patients who received

nilutamide first (p=0.045).55

Similar to radiation therapy, chemotherapy can cause tumor cell apoptosis leading to the

release of TAAs, which may be taken up and presented by APCs. In addition, it has been

shown that particular chemotherapies can preferentially subdue Treg cells, upregulate

expression of TAAs, and decrease production of inhibitory tumor-secreted cytokines.56, 57

Preclinical studies have found that docetaxel given with TRICOM, which targets

carcinoembryonic antigen, is better than either agent alone in stimulating an immune

response.58 A phase II study evaluated a poxviral-PSA vaccine given either alone or in

combination with low-dose docetaxel in men with mCRPC.59 Docetaxel did not inhibit T

cell–specific responses. As a secondary end point, compared with a historical control group

receiving docetaxel alone, the vaccine plus docetaxel group had a longer progression-free

survival (6.1 vs 3.7 mo).

In the phase III clinical trials with sipuleucel-T, many patients received docetaxel-based

therapy after disease progression while receiving the vaccine.38–40 Although there was still

an overall survival benefit in these patients, some attributed this to the effect of the

chemotherapy and not actually the vaccine. Results from studies mimicking this same design

of chemotherapy after vaccine have also shown that patients who are treated with a vaccine

first do better than those receiving chemotherapy alone.60, 61 This was seen in 51 patients

with mCRPC who were treated with sipuleucel-T or placebo; the overall survival for

patients receiving the vaccine and then chemotherapy was 34.5 months compared with 25.4

months in those who received placebo and the same chemotherapy (p=0.023).62 An ongoing

clinical trial by ECOg will study the effects of either a vaccine first followed by docetaxel

and prednisone, or docetaxel and prednisone first followed by vaccine.

Aside from radiation therapy and chemotherapy, there have been studies combining

immuno-therapy with targeted therapies. Bevacizumab, a potent inhibitor of vascular

endothelial growth factor, in combination with sipuleucel-T was studied in 22 men with

mCRPC.63 Combination therapy was found to decrease PSA levels and therefore alter its

doubling time in a safe manner while demonstrating an immune response against the vaccine

antigen.

Other Cancer Vaccines and Immunotherapies

There are multiple cancer vaccines and immunotherapies under investigation. Cancer

vaccines target TAAs to stimulate an effector T-cell response. These can be classified by

subgroups, and examples of each are briefly reviewed (Table 2).64–77
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Peptide- or Protein-Based Vaccines

Studies with peptide- or protein-based vaccines have been completed in several types of

cancer. One type of vaccine that is peptide-based includes the use of heat shock proteins

(HSP), or chaperone proteins, which help fold other proteins within cells. The HSP-peptide

complexes specific to tumor cells provide an antigen that can be used in cancer vaccines.

Vitespen (Oncophage; Antigenics Inc., New York, NY) is a vaccine made from autologous

tumor-derived HSP glycoprotein (gp)96–peptide complex (HSPPC-96). In a phase III trial,

vitespen was compared with observation in 728 patients with locally advanced renal cell

carcinoma after nephrectomy.64 Although there was no overall benefit in recurrence-free

survival, subgroup analysis indicated a non–statistically significant benefit in patients with

earlier stages of disease. In a different phase III trial, the effect of vitespen versus physician

choice of treatment on overall survival was studied in 322 patients with untreated, stage IV

melanoma.65 Overall survival did not differ significantly between the two groups; however,

subgroup analysis indicated that patients in M1a and M1b substages who received more

doses of vitespen survived longer compared with those who did not receive as many doses.

Another peptide-based vaccine uses gp100, a melanoma-associated antigen. The gp100-

based vaccines have been shown to stimulate an immune response, although no reduction in

tumor size with monotherapy has been found.66 As a result, gp100-based vaccines are being

studied in combination with other therapies, as discussed later.

Autologous or Allogeneic Whole-Tumor-Cell Vaccines

Anticancer vaccines have been prepared from whole autologous or allogeneic tumor cell

lines. Autologous whole-tumor-cell vaccines have the advantage of targeting the patient’s

own TAAs. However, it is speculated that reinfusing the same tumor cells would not

necessarily stimulate an immune response where one was never present. Therefore, most

studies have used allogeneic whole-tumor-cell therapy, which has the potential to elicit a

better immune response. Whole-tumor-cell vaccine therapy is a polyvalent approach to

immunotherapy since it allows exposure to multiple antigens. This could prevent tumor cells

from evading the immune systems by modifying their antigenic make-up as is possible with

monovalent vaccines.31

The whole-tumor-cell vaccine gVAX (Cell genesys, Inc., San Francisco, CA) has been

studied in phase III trials for prostate cancer. This prostate cancer vaccine consists of two

allogeneic prostate cancer cell lines engineered to secrete GM-CSF. Efficacy in phase I and

phase II trials led to the phase III trials in prostate cancer, Vaccine Immunotherapy with

Allogeneic Prostate Cancer Cell Lines (VITAL) 1 and VITAL-2.67 The VITAL-2 study was

terminated early due to increased deaths in the vaccine arm. Not long after, the VITAL-1

study was terminated based on a futility analysis of less than a 30% chance of meeting its

end point.30

Dendritic Cell–Based Vaccines

Dendritic cell–based vaccines are another category of anticancer vaccines. The DCVax-

Prostate vaccine (Northwest Biotherapeutics, Bethesda, MD) is a PSMA-loaded autologous

dendritic cell vaccine being studied in prostate cancer. It is made from leukapheresed high-
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density monocytes incubated with PSMA peptides before infusion. Of note, DCVax-Prostate

vaccine does not use the whole protein and does not contain GM-CSF. Its use in prostate

cancer has been studied in phase I and phase II trials and was shown to induce an immune

response.68

The DCVax-Brain vaccine (Northwest Biotherapeutics) uses the same concept as DCVax-

Prostate and loads autologous dendritic cells with tumor lysate from the patient’s tumor in

newly diagnosed glioblastoma multiforme.69

Gene Therapy–Based Vaccines

Vector or gene therapy–based vaccines commonly use viruses, as opposed to bacteria or

yeast, as the vehicle to deliver the vaccine. Advantages to using viruses as vaccine vectors

include a large genome for simple gene insertion, its ability to initiate an inflammatory

response at the site of an injection, and its cost in comparison to other types of vaccines. The

poxvirus family, in particular, is an attractive and popular vector since it induces a strong

immune response after injection and has been safely administered to patients since the

1960s.70

The ProstVac-VF vaccine (Bavarian Nordic, Mountain View, CA) is a recombinant

poxvirus vaccine that encodes for PSA and the costimulatory molecules B7-1, ICAM-1, and

LFA-3 (TRICOM) to enhance T-cell activation. The vaccination schedule with ProstVac-VF

is different from that of other cancer vaccines as it entails a prime-and-boost strategy.70, 71

Once the vaccinia-based vector is given, a vigorous immune response is induced, but host

antibodies will usually neutralize the virus during subsequent administrations thus making

the therapy ineffective. For this reason, booster shots with fowlpox-based vectors, which do

not cause formation of neutralizing antibodies, are given to continue the immune response to

the antigen. In a recent phase II trial, men with mCRPC were randomly assigned to receive

ProstVac-VF or placebo.71 Men receiving the active treatment had an 8.5-month overall

survival benefit (25.1 vs 16.6 mo with placebo) associated with a 44% reduction in the death

rate (estimated HR 0.56, 95% CI 0.37–0.85, stratified log-rank p=0.0061). The ProstVac-VF

vaccine has also been studied in combination with other therapies.

Idiotype Immunoglobulin–Based Immunotherapy Strategies

In lymphomas, the malignant B cells possess tumor-specific antigens called idiotypes. The

BiovaxID vaccine (Biovest International Inc., Bethesda, MD) was developed as an anti-

idiotype cancer vaccine toward B-cell lymphomas. Through a time- and labor-intensive

process, the vaccine is made by fusing biopsy-obtained lymphoma cells with a myeloma cell

line. This heterohybridoma produces antibodies similar to the tumor. The idiotypes of the

antibodies are purified and conjugated to KLH (Id-KLH) to increase immunogenicity.72 A

phase III randomized, placebo-controlled, double-blind clinical trial was performed in

patients with follicular non-Hodgkin’s lymphoma.73 Patients who had achieved and

sustained a complete response of 6 months after treatment with prednisone, doxorubicin,

cyclophosphamide, and etoposide were randomly assigned to treatment with Id-KLH plus

GM-CSF (76 patients) or KLH not conjugated to idiotype plus GM-CSF (placebo group, 41
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patients). The primary end point of disease-free survival was 44.2 months in the Id-KLH

plus GM-CSF group versus 30.6 months in the placebo group (p=0.045, HR=1.6).

Other Immunotherapies

Anticancer vaccines target tumor-specific TAAs to stimulate effector T-cell responses.

Although the approval of sipuleucel-T suggests that anticancer vaccines may be effective,

the improved survival of 4 months with sipuleucel-T over placebo suggests that there may

be other factors at work inhibiting effector T-cell responses.40 As discussed earlier, activated

T cells can be suppressed by increased expression of CTLA-4 and PD-1. The Treg cells,

which constitutively express CTLA-4, can also interfere with the actions of effector T cells.

Therefore, other immunotherapies such as anti-CTLA-4 antibodies and anti-PD-1 antibodies

have been developed to target the regulatory mechanisms that may inhibit effector immune

responses.74

Anti-CTLA-4 Therapy—Early preclinical studies with CTLA-4 blockade showed

improved tumor control, yet the efficacy was limited to tumors with inherent immuno-

genicity.75 This led to the use of anti-CTLA-4 therapy in combination with other immune-

directed and cytotoxic approaches. Ipilimumab (MDX-101; Medarex, Princeton, NJ, and

Bristol-Myers Squibb, New York, NY) and tremelimumab (Pfizer, New York, NY) are the

two anti-CTLA-4 antibodies that are in clinical trials. Most of the research with anti-

CTLA-4 antibodies has been focused on melanoma; however, smaller studies have been

completed in other solid tumor types.74

Because of the potential synergy with other agents, ipilimumab has been studied in

combination with gp100 in a phase III, randomized, double-blind, multicenter study.66

Patients with previously treated, unresectable stage III or IV melanoma were randomly

assigned to receive either both ipilimumab and the gp100 vaccine, ipilimumab alone, or the

gp100 vaccine alone. Median overall survival was statistically significantly improved in

patients treated with ipilimumab alone or ipilimumab in combination with gp100 (10 and

10.1 mo, respectively) compared with a median overall survival of 6.4 months for patients

receiving gp100 alone. Similar to findings in the phase II studies, ipilimumab was associated

with immune-related adverse events. Sixty percent of the ipilimumab-treated patients

compared with 32% of gp100–treated patients had immune-related adverse events, which

included colitis, diarrhea, endocrine-related events, or dermatologic reactions. grade 3 or 4

immune-related adverse events occurred in 10–15% of patients treated with ipilimumab

compared with 3% in the gp100 alone group. Seven deaths were attributed to immune-

related adverse events.

In a phase II clinical trial, a single dose of ipilimumab plus androgen ablation was compared

with androgen ablation alone in 54 patients with advanced prostate cancer.76 Fifty-five

percent of the patients treated in the combination arm compared with 38% of the patients

receiving androgen ablation alone achieved undetectable PSA levels. Of those patients in the

combination arm, some had clinical responses and subsequent disease downstaging. The

most common grade 3 or 4 immune-related adverse event seen was diarrhea or colitis, which

occurred in 4.5% of patients treated with ipilimumab.
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Anti-PD-1 Therapy—Like CTLA-4, PD-1 is another checkpoint molecule that can inhibit

T-cell responses.10 One of the two developed anti-PD-1 antibodies, MDX-1106 (Medarex,

Princeton, NJ), has been studied in a phase II trial in patients with select relapsed refractory

malignancies. Clinical activity was shown in patients with renal cell carcinoma and

melanoma. Similar to patients treated with anti-CTLA-4, patients treated with anti-PD-1 are

also susceptible to immune-related adverse events. However, in these early trials, the

occurrence of immune-related adverse events appears to be less with anti-PD-1 than with

anti-CTLA-4.77

Conclusion

Prostate cancer provides an exciting model for immunotherapies, heralded by the approval

of sipuleucel-T. The approval of this vaccine was based on an improvement in overall

survival, although time to disease progression was unchanged. This has led to discussions

about new criteria for defining disease progression with immunotherapies. Whereas many

questions are left unanswered with regard to this phenomenon, as well as to sipuleucel-T’s

optimal place in therapy, the approval of this vaccine has given patients another treatment

option in a disease state where relatively few agents are effective at increasing overall

survival. Many other anticancer vaccines and immunotherapies are under investigation,

which will surely expand the available approved therapies. Understanding how these novel

therapies can be integrated into the current treatment paradigm and how to possibly combine

them with other agents for improved clinical benefit will be the next steps to be taken.

Finally, it should be recognized that future successful immunotherapy strategies will need to

address all arms of the immune system, effector and regulatory systems.
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Figure 1.
Activation of T cells occurs through a two-step process. First, the antigen is taken up by the

antigen-presenting cells (APCs), digested internally, associated with a major

histocompatibility complex (MHC) molecule, and then presented on the APC’s surface. The

antigen-MHC complex binds the T-cell receptor (TCR). The second step involves binding of

costimulatory molecules on the APC and T cell. Cytokines such as interleukin (IL)-2 and

IL-6 can help potentiate the cytotoxic T-cell response. However, the tumor can secrete its

own microenvironment of cytokines and growth factors (i.e., transforming growth factor-β2,

IL-10, prostaglandin E2), which could downregulate the activation of the immune response.

PAP = prostatic acid phosphatase; GM-CSF = granulocyte-macrophage colony-stimulating

factor. (From reference 6 with permission.)
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Figure 2.
Preparation and proposed mechanism of action of sipuleucel-T. The patient’s harvested

leukocytes are centrifuged to enriched monocytes and are then incubated with the fusion

protein containing prostatic acid phosphatase (PAP) and granulocyte-macrophage colony-

stimulating factor (GM-CSF). Once the product is administered to the patient, the

monocytes are thought to mature into activated antigen-presenting cells (APCs). These cells

present PAP to the host’s immune system, activating CD4+ and CD8+ T cells against the

tumor antigen, PAP. TCR = T-cell receptor; MHC = major histocompatibility complex;

TGF-β2 = transforming growth factor-β2; PGE-2 = prostaglandin E2; IL = interleukin. (From

reference 31 with permission.)
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Figure 3.
Effect of chemotherapy and immunotherapy (vaccine) on tumor growth. Dotted line

indicates tumor burden without any treatment. Initiation of chemotherapy or immunotherapy

are indicated by the arrow. Chemotherapy impacts tumor burden after administration. When

it is stopped, the tumor can grow at the same rate previous to the treatment and predict time

to death. Immunotherapy, theoretically, slows the progression of the tumor even when the

therapy has been stopped. This may explain why overall survival can be prolonged by

immunotherapies whereas time to progression is not. (From reference 42 with permission.)
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Table 2

Select Immunotherapies64–77

Immunotherapya Targeted Cancer Components

Vitespen
(Oncophage)

Renal cell carcinoma,
melanoma

Peptide-based vaccine using heat shock proteins from patient’s tumor

glycoprotein 100
vaccine

Melanoma Peptide-based vaccine using peptide from glycoprotein 100, a melanoma-
associated antigen

gVAX Prostate cancer Allogeneic whole-tumor-cell–based vaccine secreting granulocyte-macrophage
colony-stimulating factor

DCVax Prostate cancer,
glioblastoma

Dendritic cells pulsed with prostate-specific membrane antigen for prostate
cancer or tumor lysate for glioblastoma

ProstVac-VF Prostate cancer Poxviral-based vaccine encoding for prostate-specific antigen and
costimulatory molecules B7-1, ICAM-1, and LFA-3

BiovaxID Non-Hodgkin’s
lymphoma

Anti-idiotype vaccine targeting B cell lymphomas

Ipilimumab Melanoma,
prostate cancer

Antibody to CTLA-4

Tremelimumab Melanoma,
prostate cancer

Antibody to CTLA-4

MDX-1106 Refractory, relapsed
solid tumors

Antibody to PD-1

ICAM-1 = intercellular adhesion molecule-1; CTLA-4 = cytotoxic T-lymphocyte antigen 4; PD-1 = programmed death-1.

a
Manufacturers are as follows: Oncophage, Antigenics Inc., New York, NY; gVAX, Cell genesys, Inc., San Francisco, CA; DCVax, Northwest

Biotherapeutics, Inc., Bethesda, MD; ProstVac-VF, Bavarian Nordic, Mountain View, CA; BiovaxID, Biovest International Inc., Bethesda, MD.
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