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Abstract: Historically, chemotherapy has remained the most commonly utilized therapy in 

patients with metastatic cancers. In prostate cancer, chemotherapy has been reserved for 

patients whose metastatic disease becomes resistant to first line castration or androgen 

deprivation. While chemotherapy palliates, decreases serum prostate specific antigen and 

improves survival, it is associated with significant side effects and is only suitable for 

approximately 60% of patients with castrate-resistant prostate cancer. On that basis, 

exploration of other therapeutic options such as active secondary hormone therapy, bone 

targeted treatments and immunotherapy are important. Until recently, immunotherapy has 

had no role in the treatment of solid malignancies aside from renal cancer and melanoma. 

The FDA-approved autologous cellular immunotherapy sipuleucel-T has demonstrated 

efficacy in improving overall survival in patients with metastatic castrate-resistant prostate 

cancer in randomized clinical trials. The proposed mechanism of action is reliant on 

activating the patients’ own antigen presenting cells (APCs) to prostatic acid phosphatase 

(PAP) fused with granulocyte-macrophage colony stimulating factor (GM-CSF) and 

subsequent triggered T-cell response to PAP on the surface of prostate cancer cells in the 

patients body. Despite significant prolongation of survival in Phase III trials, the challenge 

to health care providers remains the dissociation between objective changes in serum PSA 

or on imaging studies after sipleucel-T and survival benefit. On that basis there is an unmet 

need for markers of outcome and a quest to identify immunologic or clinical surrogates to 

fill this role. This review focuses on the impact of sipuleucel-T on the immune system, the 

T and B cells, and their responses to relevant antigens and prostate cancer. Other 

therapeutic modalities such as chemotherapy, corticosteroids and GM-CSF and host factors 
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can also affect immune response. The optimal timing for immunotherapy, patient selection 

and best sequencing with other prostate cancer therapies remain to be determined. A better 

understanding of immune response may help address these issues. 

Keywords: castrate resistant prostate cancer; immunotherapy; biomarkers; sipuleucel-T; 

immune response 

 

1. Introduction 

Prostate cancer has become a major focus for translational and clinical immunotherapy research, 

due to the fact that it is common, affecting over 200,000 men in the United States each year [1], and 

has a relatively long natural history allowing a longitudinal assessment of the impact immune therapy. 

For advanced prostate cancer, though androgen deprivation therapy (ADT) is highly effective, the 

majority of patients will progress to castration-resistant cancer (CRPC) after two years of treatment [2]. 

This progression often intially manifests as rising PSA which then may be followed by disease 

progression and worsening clinical symptoms over several months to years. This ability to detect early 

disease progression makes immune therapy, which takes time to initiate anti-tumor response, more 

feasible than in other solid tumors. In addition, while docetaxel chemotherapy significantly prolongs 

survival for men with metastatic CRPC, the adverse side effects including neuropathy, neutropenia and 

generalized fatigue limit its use, especially in an elderly population with frequent bone marrow 

compromise related to the bony predilection of prostate cancer. These factors provide impetus for 

pursuit of alternative, non-chemotherapy approaches. With the approval of sipuleucel-T, immunotherapy 

now provides a viable option as an adjunctive to the hormonal treatment of metastatic CRPC. In this 

review we will outline the biologic underpinnings and early clinical results of sipuleucel-T, as well as 

other promising immune therapies in development for prostate cancer. 

2. The Immune System and Cancer 

The immune system arises from the hematopoietic stem cells of the bone marrow, producing two 

major lineages: myeloid and lymphoid progenitor cell lines. Myeloid cell lineage consists of 

monocytes, macrophages, dendritic cells, megakaryotcytes, and granulocytes. The lymphoid cell 

lineage includes T cells, B cells and Natural killer (NK) cells. These cell lineages ultimately produce 

the cellular components of the innate and adaptive immune systems. Possessing pattern recognition 

receptors which respond to general characteristics found on pathogens, the innate immune system 

include polymorphonuclear leukocytes (PML), monocyte/macrophages, eosinophils, platelets, NK 

cells, basophils, and mast cells. Antigen Presenting Cells (APCs), the dendritic cells (DC) and 

macrophages, function as a key link between the innate and adapative immunity. By expressing class 

II major histocompatibility cell surface molecules, APCs communicates with helper T cells, 

naive/memory B cells as well as NK cells, which then effectively activates the adaptive immune 

system, inducing differentiation of B cells to plasma- antibody producing cells and /or differentiation 

of T cells into cytotoxic T cells. 
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The intact immune system does not only defends our bodies against microbial infection, but also an 

active barrier to tumor formation and progression. Immune surveillance recognizes and eliminates the 

majority of nascent tumors and its failure has a prominent role in tumorigenesis. The deficiency in 

function of CD8+ cytotoxic T lymphocytes (CTLs), CD4+ Th1 helper T cells, or natural killer (NK) 

cells have been correlated with a significant increase in tumor incidence [3]. Compared to general 

population, patients with immunodeficiency due to HIV infection are at higher risk of developing 

several types of cancers, including lung, anal, liver, sarcoma and lymphoma [4]. Even though the 

incidence of AIDS-defined malignancies has decreased in highly-active-antiretroviral-therapy era, 

individuals diagnosed with AIDS at young age remain with elevated risk of certain cancers [5]. As 

such, the development of neoplasia in HIV-infected patients is similar to that observed in solid organ 

transplant recipients who receive chronic immunosuppressive agents, as well as in patients with 

profound cell-mediated immune deficiencies [4]. In the case when the immune system fails to stop a 

solid tumor formation, the antitumoral responses continue in the body. T cells, B cells, natural killer 

(NK) cells, DC and macrophages have the capacity to infiltrate solid tumors in humans and animals [6,7]. 

Immunohistochemistry studies have concluded that in the majority of solid tumors, the density of 

tumor-infiltrating leukocytes, like lymphocytes and DCs, inversely correlated with unfavorable 

features such as lymph node and distante metastasis and overall survival [8,9]. Patients with colon 

tumors infiltrated with CTls and NK cells had better prognosis than patients with tumors lacking such 

infiltration of killer lymphocytes (4). The extent of lymphocytes infiltration in prostate cancer tissue 

was also associated with improved prognosis [10]. Likewise, mice with immunodeficiencies in both  

T cells and NK cells are significantly more susceptible to tumor development than controls. On the 

other hand, tumors can also avoid eradication by evading immunological detection [11]. 

Tumors utilize several mechanisms to escape immune detection. These mechanisms include class I 

HLA downregulation which causes decreased susceptibility to CD8 CTL lysis [12], programmed death 

(PD)-1 ligand expression [13] and Fas-ligand expression, all of which induce apoptosis or de-activation 

of infiltrating lymphocytes [14]. Inhibitory cytokines, indoleamine 2,3-dioxygenase [15] and nitric 

oxide synthetase [16] secreted by tumor cells are also other approaches of evading immune 

eradication. Other mechanisms for aborogating the imune system by tumor cells include local 

production of cytokines such as vascular endothelial growth factor (VEGF), interleukins-6, 8 and 10 

(IL-6, IL-8, IL-10), and tumor growth factor beta (TGF-beta), which create a tolerogenic phenotype in 

antigen presenting cells and allow tumor cells to avoid detection by various facets of the immune 

system. In that regard, inflammation is implicated in the pathogenesis and progression of cancer with 

paralleled effects on the immune system [17]. The balance between these factors shielding the tumor 

from the immune system as a cancer progresses, which might reversed as part of immunotherapuetics, 

and the hosts ability to develop an effective response are key. These issues and the spectra of 

mechanisms impacting the immune system in cancer have recently been reviewed [18,19]. 

3. Immune Therapy: Antigens and Activators 

Selecting an appropriate antigen for anti-neoplastic immunotherapy is critically important; the 

antigen must be present on tumors from a wide range of people, should be expressed only on cancer 

cells and not normal host cells as much as possible, and must be capable of eliciting a strong immune 
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response. Prostate cancer-associated antigens which meet these criteria and have been the target of 

therapeutic vaccines include PSA, prostate specific membrane antigen (PSMA) and prostatic acid 

phosphatase (PAP) [20,21]. An alternate approach is to utilize whole tumor cell vaccines, in order to 

present a broad array of tumor antigens to the immune system [22]. Table 1 summarizes immune 

agents which have undergone clinical investigation in advanced prostate cancer. 

Table 1. Immune agents for prostate cancer discussed in this review, with their target(s) and vehicles. 

Agent Target(s) Vehicle and Co-stimulants 

PROSTVAC-VF [21] 
Prostate Specific 
Antigen 

FowlPox and Vaccinia viral vectors with B7.1, ICAM-1, 
and LFA-3 costimulants 

GVAX [25–27] Multiple LNCaP and PC-3 cell lines transfected to secrete GM-CSF 

Ipilimumab [28–30] CTLA4 Antibody  

Tremelimumab [31] CTLA4 Antibody 

MDX-1106 [32] 
Programmed cell death-1 
receptor (PD-1) 

Antibody 

Sipuleucel-T [33,34] 
Prostatic acid 
phosphatase 

Dendritic cells cultured ex-vivo with recombinant fusion 
protein of PAP and GM-CSF 

Prostvac-VF is an example of a single antigen-targeted immunotherapy. It consists of a recombinant 

plasmid construct composed of human PSA with vaccine or fowl pox viruses which is subsequently 

combined with co stimulatory molecules (B7.1, ICAM-1, and LFA-3). Prostvac-VF serves as a tumor 

associated antigen, and thus effectively instigates a T cell-mediated response [23,24]. Kantoff and 

colleagues in a randomized, controlled, multicenter and blinded phaseII study treated eighty-two 

patients with Prostvac-VF while forty patients received the control vector. After three years, patients 

who were administered Prostvac-VF had an overall survival (OS) of 30% versus control group which 

had OS of 17%. The treatment group also had longer median survival by 8.5 months and a 44% 

reduction in death rate in men with minimally symptomatic castration-resistantmetastaticprostate 

cancer (mCRPC). Increased elispot reactivity to PSA was associated with better overall survival. 

Ongoing randomized clinical trials will more rigorously test the efficacy of Prostvac-VF, both 

independently and in combination with standard chemotherapy regimens [21]. 

GVAX is an example of a multi-antigen approach. It is derived from human prostate cancer cell 

lines (LNCap and PC-3) which are inactivated by radiation, and is coupled with granulocyte-macrophage 

colony-stimulating factor (GM-CSF) stimulation [35,36]. Adeno-associated viral vectors encoding the 

human GM-CSF gene under a viral promoter are initially transduced inside prostate cancer cell lines, 

which are then cultured and later irradiated to prevent proliferation after injection [37]. The product is 

administered via subcutaneous injection. While GVAX Phase I and Phase II clinic trials suggested 

efficacy [25,38], two Phase III trials were unfortunately unable to reproduce similar results. These trials, 

VITAL 1 and VITAL 2, aimed to compare GVAX in combination with and in sequence with docetaxel 

but were prematurely terminated due to imbalance in deaths in the two study arms [26,27]. The excess 

deaths in the experimental arm occurred despite balanced patient baseline characteristics [27]. 

A third category of immunotherapy is non-antigen targeted activation, such as releasing the 

cytotoxic T-lymphocyte antigen (CTLA)-4 mediated inhibion of cytotoxic T cell activation. Releasing 

CTLA-4 inhibition allows a net sustained T-cell mediated immune response to be activated, even 
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though inhibition impacts both “helper” and “suppressor” T-cell subsets [39]. The potency of this 

approach is highlighted by the severe auto-immune side effects which have been reported using the 

anti-CTLA4 antibody ipilimumab [30]. Ipilimumab was recently approved for the first line treatment 

of malignant melanoma, and has undergone significant testing in prostate cancer as well. Attempting to 

focus on the otherwise non-specific immune activation, the phase II trial explored the use of a single 

dose of radiotherapy to a site of bone metastasis 24–48 h prior to the first ipilimumab infusion, to 

induce apoptosis and generate prostate cancer antigens for presentation by APCs. Ipilimumab is 

currently in phase III clinical trials, both before and after docetaxel therapy for patients with metastatic 

CRPC. Sequencing of immune therapy with chemotherapy is also an important question,which is 

being addressed in an ongoing randomized phase II clinical trial comparing four monthly doses of 

ipilimumab as a single agent versus ipilimumab in combination with a single dose of docetaxel in 

patients with CRPC. These studies are underway but are yet to be published [29,40]. 

Early phase work with the monoclonal antibody MDX-1106 targeting the programmed cell death-1 

receptor (PD-1), which binds B7-H1 on T cells as well as possibly some tumor cells to de-activate the 

T cells in a pathway parallel to CTLA-4, is underway [32]. The presence of the B7-H1 in prostate 

cancer aggregates has provided a molecular rationale for these clinical trials in patients with prostate 

cancer [41]. Recent work implicates myeloid derived stem cells with macrophage phenotypes, NK 

cells and lymphocytes in the progression, metastasis and development of therapeutic resistance in a 

number of cancers including prostate cancer [42–44]. The potential to specifically target these cellular 

mediators may provide a rational for newer therapies. 

There are several other cellular methods for inducing immunotherapeutic activity. Allogeneic 

stimulation of the immune system has traditionally been achieved with myeloablative therapy and 

bone marrow or stem cell transplantation from a living donor for hematological malignancies such as 

chronic myeloid and acute myelogenous leukemia [45]. In this context, there is a dual therapeutic goal 

of leukemia elimination and engraftment of the donor marrow with resultant graft versus leukemia 

effect adding to the therapy. This therapy has evolved for other malignacies with the aim of inducing a 

graft versus cancer effect without significant myeloablation. The nonmyeloablative stem cell transplant 

concept was explored in renal cell cancer with initially promising results from the NCI, however, long 

term cancer control was disappointing and toxicity related to graft versus host disease (GVHD) was 

significant [46,47]. In addition, follow-up trials failed to reproduce the original encouraging results 

with high rates of GVHD related toxicity and lack of measurable graft versus tumor effect [48,49]. 

Myeloablative therapy with autologous stem cell rescue has been used in some cases of castrate-

resistant prostate cancer using either chemotherapy or radioisotopes with some success [50,51]. The 

aim of these regimens was to give high therapeutic doses of agents and rescue the bone marrow rather 

than produce an immunologically mediated anti-cancer effect. Newer strategies such as selected donor 

lymphocyte infusions are in development to reduce the toxicity of this approach while maintaining the 

immune effects of allostimulation and, if successful, may have application in prostate cancer. 

Other approaches to simulate a T cell response, including immunostimulatory monoclonal 

antibodies (mAb), are under investigation. Monoclonal antibodies can mediate antitumor effect by 

activating host immune function or by targeting tumors with conjugated cytotoxins or radioactivity. 

The fact that prostate cancer metastases often involve bone and lymph nodes, locations that receive 

high levels of circulating antibody and have been responsive to mAb therapies in other tumor types 
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such as lymphoma, makes this approach an attractive therapeutic strategy. HuJ591 is an example of 

mAb to the prostate specific membrane antigen (PSMA) extracellular domain that is being explored in 

clinical trials [52]. Since prostate cancer is radiation sensitive, radiolabeled and unlabeled versions of 

HuJ591 have been evaluated for clinical efficacy in a phase II trial of 177-Lutetium (177Lu) linked to 

HuJ591 in 14 men with progressive castrate-resistant prostate cancer. The trial reported a PSA decline 

of >50 percent in one patient and four patients had disease stabilization [53]. Another phase I study of 

111-Indium-labeled HuJ591 also demonstrated targeting of known metastatic sites in patients with other 

solid tumors, implying the drug’s potential as a vascular targeting agent [54]. Another PSMA-targeted 

monoclonal antibody, MLN2704, is conjugated to the maytansinoid antimicrotubule agent DM1 and 

delivers it directly to prostate tumor cells. A phase I/II trial tested MLN2704 in 61 men with 

progressive castrate-resistant prostate cancer [55]. While the antitumor activity was greatest at 330 mg/m2 

every 2 weeks, including major PSA declines in four of six patients, the frequency of grade 2 and 3 

peripheral neuropathy necessitated delay in treatment in most patients and further evaluation with 

different schedule will be required. 

4. Sipuleucel-T 

Sipuleucel-T (Provenge®, Dendreon) is a targeted autologous cellular immunotherapy for prostate 

cancer. The product consists of autologous dendritic cells which are activated ex vivo by a recombinant 

fusion protein comprised of prostatic acid phosphatase (PAP) and GM-CSF. PAP was chosen as a 

target due to its ubiquity in prostate cancer, with over 90 percent of prostate tumors expressing PAP, as 

well as ability to induce both humoral and cellular immune activation targeted towards prostate cancer 

cells. GM-CSF was incorporated due to its ability to potentiate the development and simulation of 

dendritic cells which can evoke an anti-tumor effect [56,57]. The cornerstone of sipuleucel-T is a 

recombinant DNA fusion protein (PA2024) comprised of GM-CSF and PAP. Treatment with 

sipulecel-T requires three main steps: CD54+ dendritic cells are first isolated from each individual 

patient via seven litre leukopheresis. These extracted cells are then incubated with the PA2024 fusion 

protein, ex vivo in a processing facility. Lastly, the activated autologous dendritic cells are infused into 

the patient. This process is repeated three times, at approximately 2-week intervals [58]. 

Phase I and II trials ascribed to the safety of sipuleucel-T as well as its ability to elicit an  

antigen-specific T-cell repsponse [58–61]. The drug gained approval by FDA after three randomized 

phase III clinical trials that looked at progression free survival and overall survival in patients who 

received the drug compared to placebo. The first two studies D9901 and D9902A were initiated in 

1999 and 2001, respectively [62,63]. Both trials enrolled asymptomatic men with metastatic CRPC and 

blindly assigned them in 2:1 ratio to receive three infusions of sipuleucel-T or placebo. The placebo 

group did undergo leukopheresis, but their reinfusion consisted of one-third of their leukaphoresed 

cells which had not been incubated with recombinant fusion protein PA2024. The trial D9901 

demonstrated no delay in the median time to disease progression (TTP), but rather significant 

improvement of overall survival from 21.4 months for the placebo group to 25.9 months for those 

treated with sipuleucel-T. The results of D9902A trial indicated similar median TTP between the two 

cohorts (10.9 weeks for sipuleucel-T versus 9.9 weeks for placebo, p = 0.719), but an increase in 

survival for patients treated with sipuleucel-T (p = 0.023) was associated with many important 



Cancers 2012, 4                            

 

426

prognostic factors such as serum lactate dehydrogenase (LDH), PSA level, distribution and volume of 

disease in multivariate analysis. 

In 2010, maturation of data from the IMPACT trial (9902B trial) confirmed the overall survival 

efficacy of sipuleucel-T [33]. Primary and secondary endpoints were overall survival and secondary 

endpoint of time to radiographic disease progression, respectively, in 512 patients with asymptomatic 

or minimally symptomatic metastatic CRPC, good performance status, serum PSA levels of ≥5.0 ng/mL 

and no visceral metastases. Meeting the primary endpoint, patients treated with sipuleucel-T experienced 

an extended median overall survival by 4.1 months compared to the placebo group (25.8 compared to 

21.7 months) with a hazard ratio of 0.775 for risk of death (95% CIs 0.614–0.979; p = 0.032). 

Consistent with prior trials, the time to radiographic disease progression were similar in both arms  

(3.7 months and 3.6 months, p = 0.63). 

Integrating the data from all three randomized trials, the risk of death from any cause is 

significantly reduced by 26.5% by sipuleucel-T (HR: 0.735; p < 0.001) and median overall survival is 

extended by 3.9 months [33,63,64]. Sipuleucel-T toxicity was generally limited to infusion reactions of 

limited, low-grade fever and chills, with resolution occuring by 48 h. Headache, influenza-like illness, 

hypertension and hyperhidrosis were other common side effects. The combined analysis comparing the 

complications in 601 patients receiving sipuleucel-T compared to 303 patients receiving a placebo 

indicates similar serious side effects (grade 3 or more by NCI criteria) in the sipuleucel-T treatment 

group (24.0%) compared to the placebo group (25.1%) [64]. Sipuleucel-T was approved by the United 

States Food and Drug Administration in April 2010. 

5. Immune Response to Sipuleucel-T 

None of the sipuleucel-T trials has demonstrated significant decline in PSA value or delay in time 

to disease progression in patients treated with sipuleucel-T, making it difficult for physicians to know 

if a patient has gained clinical benefit. It is increasingly evident that responses to immunotherapies are 

slower compared to androgen deprivation therapy, radiation and chemotherapy [65–68]. Cancer may 

remain stable or even progress for some months before protective immune responses become apparent. 

Counter intuitively, the initial vaccine-induced inflammatory response may be mistaken for tumor 

growth in much the same way as inflammation in the brain after radiation for glioma can produce 

pseudo-progression. In a similar fashion, disconcordant early rise in serum PSA and/or flare effect on 

bone scan in prostate cancer patients with osseous metastases is common with response to androgen 

pathway modulation and chemotherapy [69,70]. Revised endpoints for cancer vaccine trials that place 

greater emphasis on overall survival or long-term disease stability rather than time to progression have 

been proposed. The therapeutic intent is to minimize premature discontinuation of therapy and 

involves continuance of treatment despite minor progression [65–68]. 

Regardless of lack of an effect on PSA or other measurable disease parameters, humoral and 

cytotoxic-T cell responses were evident in preclinial and clinical studies and underscore the effect of 

sipleucel-T. In preclinical studies, treating rats with three doses of APCs incubated with a recombinant 

fusion protein consisting of rat PAP and rat GM-CSF at 14-day intervals elicited lymphocytic 

infiltrates in their prostate tissues [71]. Furthermore, removal of any component of the target antigen, 
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APCs or GM-CSF resulted in attenuated treatment responses, implying the requirement of all three in 

prostate tissue immunomodulation. 

In the earliest open-label non-randomized trial, Sipuleucel-T was administered to 13 patients with 

metastatic CRPC by two intravenous infusions, followed by three monthly subcutaneous injections of 

PA2024 at dosages of 0.3, 0.6 or 1.0 per injection [59]. T cell and B cell responses were evaluable 

using proliferation assays and ELISA, respectively. The trial demonstrated that little or no pre-existing 

T-cell proliferation occurred to PA2024 (PAP/GM-CSF fusion molecule) incubation, but all patients 

had T-cell proliferation response after infusion of sipuleucel-T, even after only one infusion. After 

sipuleucel-T treatment, 38% (10 of 26) of patients developed a T-cell response to PAP while 70%  

(19 of 27) of patients developed proliferation to GM-CSF. The specificity of T-cell stimulation by 

sipuleucel-T was shown by the absence of T-cell proliferation to recall antigen influenza and the naïve 

antigen KLH, as internal positive controls. In addition to T-cell activity, B-cell response can also be 

observed. Using specific ELISA on serum samples at baseline and every four weeks, 52% and 47% of 

patients developed antibodies to PAP and the PAP-GM-CSF fusion molecule after Sipuleucel-T 

therapy, respectively. 

A second phase I clinical trial utilized three infusions of sipuleucel-T in men with CRPC who had 

progressed after chemotherapy, with a fourth dose given at week 24 if patients had stable disease [61]. 

The dose of sipuleucel-T was escalated from 0.2 × 109 to 2.0 × 109 nucleated cells/m2, with six patients 

treated with sipuleucel-T at the maximum dosage. All patients treated with sipuleucel-T developed  

T-cell proliferation response with documented minimal pre-treatment T cell proliferation response to 

PA2024. In addition, the 20 patients who developed the strongest immune response to PAP, by either 

T-cell proliferation assay or antibody titers, had a longer median time to disease progression compared 

to patient who did not mount the same degree of immune response (34 versus 13 weeks, p < 0.027) [61]. 

Demonstrated further by the immunologic assessment of the patients from the IMPACT trial, 

immune response was assessed in a subset of 134 patients and when present was associated with 

increased overall survival. Antibody titers against the PA2024 antigen were significantly more frequently 

observed at any post-baseline time point in those treated with sipuleucel-T (66.2 versus 2.9%), as were 

antibodies against PAP phosphatase (29 versus 1.4 percent) [33]. A pre-specified analysis showed that 

antibody responses to the antigens were associated with significant survival benefit (p < 0.0001 for 

PA2024 and p—0.008 for PAP). T-cell proliferation responses to PA2024 and PAP were more 

frequent in those treated with sipuleucel-T (73 versus 12 and 27 versus 8%, respectively), they did not 

reach significance relative to overall survival. In further analysis from the IMPACT trial, Stewart et al. 

reported that larger incremental increase in three cell-product parameters: total nucleated cell (TNC) 

count, CD54 up-regulation and CD54+ cell count; were associated with overall survival [72]. 

Assessing CD54 up regulation as part of quality control for processing the sipuleucel-T product is a 

surrogate of APC activation. Increase was observed in all products from the IMPACT trial, with 

greater magnitude of activation in the second and third products [73,74]. An additional method for 

assessing APC and T-cell activation from sipuleucel-T is measurement of their associated cytokine 

productions [75,76]. When the isolated peripheral blood mononuclear cells (PBMCs) from each isolated 

leukapheresis were incubated with PA2024 or GM-CSF alone, substantial increases in APC-associated 

cytokines levels such as IL-1, IL-1β, IL-12p70, and TNF, and T cell activation-associated cytokines 

like IL-2, IL-4, IL-5, IL-10, IL-17, IFNγ, and TNF were noted with PA2024, but not with GM-CSF. 
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Additionally, the CD4+ and CD8+ T cells generated by culture with PA2024 also expressed a 

signature of enhanced activation markers when assessed by flow cytometry (expression of CD134, 

CD137, CD278 and CD279). The increase cytokine production and T-cell activation were not 

observed when the cells were incubated with GM-CSF, suggesting that the effects were driven by 

PA2024 [76,77]. Using interferon gamma enzyme-linked immunospot (IFNγ ELISPOT), the pre-culture 

cells from the second and third products demonstrated a progressively increased antigen-specific T cell 

proliferation and memory response [73,78]. The pattern of activation may support the concept that the 

first infusion primes the immune system and subsequent infusions boost the response [73]. These data 

support the conclusion that broad engagement of the immune system contributes to the sipuleucel-T 

survival advantage seen in IMPACT. Table 2 summarizes the immune response data. 

Table 2. Immune response and monitoring data. 

Marker Measuring Method Correlation References 

T cell proliferation 
assay, T-cell 
surface protein 
expression 

Radioactivity incorporated 
into proliferating cells, 
flow cytometry, IFNγ 
ELISPOT 

T-cell activation and 
response to PA2024, 
targeting GM-CSF element 
and PAP 

Small et al. [59] 
Burch et al. [61] 
Wesley et al. [76] 
Butterfield et al. [78] 

B-cell Response 
(Antibody) 

ELISA, Western blot 
Antibody responses to 
PA2024 antigen, PAP and 
GM-CSF 

Small et al. [59] 
Burch et al. [61]  
Kantoff et al. [33] 

CD54+ cell count, 
CD54 up regulation, 
and TNC 

Flow cytometry assay, 
allogeneic mixed 
lymphocytic reaction 
assay (allo-MLR) 

APC activation 
Stewart et al. [72] 
Sheikh et al. [74] 

APC- and  
T-cell-associated 
cytokines 

Conventional ELISA APC and T-cell activation 
Sheikh et al. [75] 
Wesley et al. [76] 

6. Other Factors That May Affect Active Immunity and Immune Response 

While sipuleucel-T has demonstrated efficacy and deploys immune responses by various 

measurements, a plethora of factors, such as other conventional concurrent therapies and host factors, 

may increase or diminish the host immune effects toward the prostate cancer. Studies have shown that 

augmentation of active cellular defense is not limited to immune-base therapy and could result to a 

degree from standard treatments for prostate cancer including hormone therapy and radiation. 

Interestingly, conventional androgen deprivation therapy produces profuse infiltration by activated and 

oligoclonal-specific T cells into prostate tumors and tissues [79]. In both animal and human models, 

androgen deprivation can bolster host lymphocyte levels and facilitate T-cell antigen-specific 

activation [80,81]. Furthermore, immune alterations induced by androgen deprivation may boost 

efficacies of immunotherapy. In a tumor-free mice model, administration of TCR- and CD28-mediated 

co-simulation and Ag-specific activation along with androgen deprivation led to more vigorously 

increased levels of peripheral T cells and their proliferations in lymphoid tissues [82]. More 

importantly, androgen deprivation accelerated normalization of the mice T- and B-cell levels following 

chemotherapy-induced lymphocyte depletion. By the same token, ADT in humans can also induce 
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effector-cell response to stimulation, and the generation of a prostate tissue-associated IgG antibody 

response [83]. Radiation therapy activates of CD8+ cytotoxic response via induction of a wide 

spectrum of inflammatory cytokine production, including MHC molecules, B7 and other co-stimulatory 

molecules, adhesion molecules, death receptors and heat shock proteins in tumor cells, stroma, and 

vascular endothelium [84–86]. Using Western blot assays for protein expression, Nesslinger and 

colleagues reported that patients undergoing neoadjuvant hormone therapy, external beam radiation 

therapy and brachytherapy exhibited treatment-associated autoantibody generation as opposed to 

control patients treated with radical prostatectomy [87]. As such, several lines of evidence suggest that 

androgen deprivation and radiation therapy may potentiate the effect of immunotherapy and further 

study of this area is certainly warranted. 

In contrast to androgen deprivation and radiation other concurrent therapeutic modalities may 

interfere with the cellular immune response. Glucocorticoid administration has many effects upon 

innate and acquired immunity. These include decreased production of pro-inflammatory cytokines [88] 

and inhibition of phagocyte function and migration [89,90]. However, the precise threshold of steroid 

exposure and duration of administration needed to suppress the immune system in an otherwise 

healthy person is still the subject of debate. Cytotoxic chemotherapy for prostate cancer routinely 

produces myelosuppression, and neutropenia and potentially fatal infections are potential uncommon 

side effects [91]. In contrast to the effects of cytotoxic agents on marrow suppression, chemotherapy 

can actually stimulate cellular cytotoxicity in similar manner to radiation. Chemotherapy drugs can 

cause tumor cell apoptosis leading to the release of tumor-associated antigens (TAAs), which may be 

taken up and presented by APCs. Moreover, particular chemotherapy agents can preferentially 

modulate regulatory T cells, up-regulate expression of TAAs, and decrease production of inhibitory 

tumor secreted cytokines [92–94]. In the preclinical setting, Garnett and colleagues noted that when 

docetaxel was given with a vaccine formulated from vaccinia virus encoding T-cell co-stimulatory 

molecule (TRICOM) which target CEA, immune response to stimulation was better than either agent 

alone [95]. Interestingly, docetaxel did not dampen the function of regulatory T-cells. In another 

preclinical mouse fibrosarcoma model, Garrido and coworkers demonstrated eradication of metastases 

when either docetaxel or autologous irradiated cells were added to protein bound polysaccharide K 

(PSK) but not by docetaxel alone, where the response was dependent on whether the tumor cells had 

irreversible or reversible MHC-1 alterations [96]. Hard and soft alterations in a variety of human 

leukocyte antigens (HLA) of the class 1 type are associated with response to immunotherapy: analysis 

in 2 melanoma patients treated with autologous vaccine, BCG and interferon- demonstrated that 

regressing metastases expressed high levels of HLA-ABC molecules, while progressing lesions had 

low/intermediate levels of HLA class I and harbored structural defects (hard lesions) in MHC-I or  

β2-microglobulin genes. These molecule profiles may provide a means to response prediction as well 

as being a therapeutic target [97–99]. Another phase II study comparing pox viral-PSA vaccine given 

alone and in combination with low-dose docetaxel in men with mCRPC [100]. Again, docetaxel did 

not inhibit T cell-specific responses and the vaccine-docetaxel combination group had a longer 

progression-free survival (6.1 versus 3.7 months) compared to chemotherapy alone. Other studies with 

similar design also showed that patients who are treated with a vaccine first do better than those 

receiving chemotherapy alone [101,102]. Analyzing the data of 51 patients with mCRPC who were 

treated with sipuleucel-T or placebo, Petrylak reported that the overall survival was significant longer 
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in patients who received the vaccine and then chemotherapy than those who received placebo and the 

same chemotherapy (34.5 versus 25.4 months, p = 0.023) [103]. Further study is ongoing to identify 

the best potential sequence of these therapeutic modalities. In the clinical practice setting where 

sipuleucel-T is being used, cellular proliferation such as CD54 and nucleated cell count is used as part 

of the manufacturing process with a several fold escalation is required for the product to be released 

back to the clinic for infusion. Failure to generate a cellular response during processing is unusual but 

has been observed in patients receiving corticosteroids, cytotoxic chemotherapy and GM-CSF in the 

weeks and months prior to initiating the sipuleucel-T process. In an analysis of cellular parameters in 

different patient groups treated with sipuleucel-T in clinical trials, Sheikh et al. reported a larger CD54 

and T cell response in patients given therapy in the early neoadjuvant setting compared with more 

advanced disease castrate-resistant disease [104]. This suggests that early exposure to sipuleucel-T 

may be more efficient. 

One area in which research is required relates to the patient’s inherited propensity to mount an 

immune response. Many immunological interactions are limited by HLA class I expression on tumor 

and immune cells. HLA classes are inherited in a Mendelian fashion. On that basis, HLA typing of 

individual patients has the potential to predict response and is a standard in many clinical trials that 

incorporate peptide vaccines [30,105,106]. HLA subsets appear to have minimal impact on response to 

CTLA4 antibody directed therapy in melanoma [107]. HLA genotype and whether prostate cancer cell 

expression of either PAP or GM-CSF is MHC dependent is an important and potential fertile area for 

future research. 

7. Conclusions 

Immune therapies are capable of changing the natural history of solid tumor including prostate 

cancer. Although the lack of PSA response or delay in time to disease progression make it difficult to 

assess which patients derive benefit from sipuleucel-T, the repeatedly observed survival benefit is 

noteworthy. In that regard, immunotherapies have begun to challenge our abilities to measure cancer 

response to treatment wit the conventional WHO or RECIST criteria. Work with ipilimumab has 

demonstrated that a variety of response can be associated with an improved outcome: (a) shrinkage in 

baseline lesions, without new lesions; (b) durable stable disease (in some patients followed by a slow, 

steady decline in total tumor burden); (c) response after an increase in total tumor burden; and  

(d) response in the presence of new lesions [66]. Each of these responses can overlap a variety of 

responses seen in measurable disease as per RECIST crieteria. Generally, the newly developed 

“Immune Response-related Criteria” call for leaving the patient on therapy despite the development of 

small new lesions or minor growth in established lesions to allow the patient to respond in other 

lesions or across the entire volume of disease after the typical window for response has passed. It is 

important to have early criteria for benefit subsequent benefit because the effects of many 

immunotherapies including sipuleucel-T are only evident starting a year after treatment. A example of 

this is the trend to reduced likelihood of bone pain at one year in patients given sipuleucel-T [108]. 

Evidence of frequent and significant humoral and cytotoxic-T cell responses to sipuleucel-T 

emphasize its mechanism of action, though a marker for benefit has unfortunately not yet been 

elucidated. Although sipuleucel-T has been primarily studied and approved in patients with metastatic 
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disease, immunotherapies might be more efficacious if used earlier in the disease process due to better 

immune response in the host with less disease burden. 

Future studies will focus on advancing sipuleucel-T to earlier stages of disease, where immune 

therapy has traditionally been felt to hold the greatest promise [34]. A recently publsihed study by 

Beer et al. compared patients with rising PSA and no evidence of metastases after prior surgery or 

radiation for localized prostate cancer in a phase II study where three months of LHRH agonist therapy 

was used in the control arm and sipleucel-T added in the experimental arm [34]. When these patients 

were followed beyond serum testosterone recovery, the PSA doubling-time in the sipleucel-T group 

was significantly higher than in the group given no sipleucel-T (median 5.1 versus 3.5 months, p = 0.038). 

This suggests an effect tumor cell kinetics with immunotherapy. In addition, patients in this study had 

evidence of ongoing immunity to PAP and PAP-GM-CSF move than 5 years after sipleucel-T therapy. 

The optimal sequence and combination of sipuleucel-T in prostate cancer remains to be determined. 

Ongoing studies are summarized in Table 3. Key questions also remain about the anitigens targeted in 

the sipuleucel vehicle and about the utility of other cell based immunotherapies in prostate cancer. 

Table 3. Ongoing and upcoming clinical trials with Sipuleucel-T, derived from postings on 

the www.clinicaltrials.gov website. 

Study Title Study Design 
Study 
Population 

Primary 
Outcome 

Secondary 
Outcomes 

Status 

An Open-Label Multicenter 
Study of Sipuleucel-T in 
Metastatic Castrate 
Resistant Prostate Cancer 
Patients Previously Treated 
With Sipuleucel-T on 
Dendreon Study P-11 
(NCT00779402) 

Open-label, 
uncontrolled, 
Phase II, 
multicenter 
study 

Androgen 
dependent 
biochemical 
recurrence, 
previously 
treated on the  
P-11 study. 

Immune 
responses 

Safety 
 
Correlation 
between 
immune 
responses 
and survival. 

Not yet 
recruiting 

A Randomized, Open-
Label, Phase 2 Trial 
Examining the Sequencing 
of Sipuleucel-T and 
Androgen Deprivation 
Therapy in Men With Non-
metastatic Prostate Cancer 
and a Rising Serum Prostate 
Specific Antigen After 
Primary Therapy 
(NCT01431391) 

Randomized, 
Open-Label, 
Phase 2 Trial 

Androgen 
dependent 
biochemical 
recurrence. 

Immune 
responses 

Safety 
 
Immune 
responses 
 
PSA kinetics 

Currently 
recruiting 

An Open Label Study of 
Sipuleucel-T in Men With 
Metastatic Castrate 
Resistant Prostate Cancer 
(NCT00901342) 

Multicenter, 
Open Label, 
Phase II Study 

Patients who 
progressed on 
the IMPACT 
study who were 
on the control 
arm 

Immune 
responses 

Safety 

Ongoing, 
but not 
currently 
recruiting 
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Table 3. Cont. 

Study Title Study Design 
Study 
Population 

Primary 
Outcome 

Secondary 
Outcomes 

Status 

A Registry of Sipuleucel-T 
Therapy in Men With 
Advanced Prostate Cancer 
(NCT01306890) 

Observational, 
prospective 
cohort 

Metastatic, 
castration-
resistant; 
population 
specified in 
product label. 

Safety Survival 
Currently 
recruiting 
participants 

A Pilot Study to Test the 
Feasibility and 
Immunologic Impact of 
Sipuleucel-T (Sipuleucel-T) 
Administered With or 
Without Anti-PD-1 mAb 
(CT-011) and Low Dose 
Cyclophosphamide in Men 
With Advanced Castrate-
Resistant Prostate Cancer 
(NCT01420965) 

Randomized, 
Open-Label, 
Phase 2 Trial 

Metastatic, 
castration-
resistant prostate 
cancer. 

Safety 
 
Immune 
responses 

Progression 
free survival 
and Overall 
Survival 

Not yet 
recruiting 

An Open Label, Phase 2 
Trial of Immunotherapy 
With Sipuleucel-T 
(Sipuleucel-T®) as 
Neoadjuvant Treatment in 
Men With Localized 
Prostate Cancer 
(NCT00715104) 

Single Center, 
Open Label, 
Phase II trial. 

Localized 
disease, 
planning to 
undergo radical 
prostatectomy 
for definitive 
management. 

CD3+ cell 
infiltration 
within 
prostate 
tissue 

Serum 
immune 
responses 
 
Safety 

Ongoing, 
but not 
recruiting 
patients 

To Evaluate Sipuleucel-T 
Manufactured With 
Different Concentrations of 
PA2024 Antigen 
(NCT00715078) 

Randomized, 
multicenter, 
single blind, 
Phase 2 trial 

Subjects will 
receive 
sipuleucel-T, 
manufactured 
with 1 of 3 
different 
concentrations 
of PA2024 
antigen. 

Cumulative 
CD54 up-
regulation 
ratio 
between 
cohorts 

Immune 
responses 
 
Survival 

Ongoing, 
but not 
recruiting 
patients 

Conflicts of Interest 

Tanya B. Dorff—consultant for Dendreon, Janssen and Sanofi-Aventis, and promotional speaker 

for Dendreon; David I. Quinn—consultant for Dendreon, Medivation, Astellas and Janssen. 

  



Cancers 2012, 4                            

 

433

References 

1. Jemal, A.; Siegel, R.; Xu, J.; Ward, E. Cancer statistics, 2011. CA Cancer J. Clin. 2010, 60, 277–300. 

2. Eisenberger, M.A.; Blumenstein, B.A.; Crawford, E.D.; Miller, G.; McLeod, D.G.; Loehrer, P.J.; 

Wilding, G.; Sears, K.; Culkin, D.J.; Thompson, I.M., Jr.; et al. Bilateral orchiectomy with or 

without flutamide for metastatic prostate cancer. N. Engl. J. Med. 1998, 339, 1036–1042. 

3. Melief, C.J. Cancer: Immune pact with the enemy. Nature 2007, 450, 803–804. 

4. Grulich, A.E.; van Leeuwen, M.T.; Falster, M.O.; Vajdic, C.M. Incidence of cancers in people 

with HIV/AIDS compared with immunosuppressed transplant recipients: A meta-analysis. 

Lancet 2007, 370, 59–67. 

5. Simard, E.P.; Shiels, M.S.; Bhatia, K.; Engels, E.A. Long-term cancer risk among people 

diagnosed with AIDS during childhood. Cancer Epidemiol. Biomarkers Prev. 2012, 21, 148–154. 

6. Catalona, W.J.; Mann, R.; Nime, F.; Potvin, C.; Harty, J.I.; Gomolka, D.; Eggleston, J.C. 

Identification of complement-receptor lymphocytes (B cells) in lymph nodes and tumor 

infiltrates. J. Urol. 1975, 114, 915–921. 

7. Kurihara, K.; Hashimoto, N. The pathological significance of langerhans cells in oral cancer.  

J. Oral. Pathol. 1985, 14, 289–298. 

8. Gooden, M.J.; de Bock, G.H.; Leffers, N.; Daemen, T.; Nijman, H.W. The prognostic influence 

of tumour-infiltrating lymphocytes in cancer: A systematic review with meta-analysis. Br. J. Cancer 

2011, 105, 93–103. 

9. Talmadge, J.E. Immune cell infiltration of primary and metastatic lesions: Mechanisms and 

clinical impact. Semin. Cancer Biol. 2011, 21, 131–138. 

10. Vesalainen, S.; Lipponen, P.; Talja, M.; Syrjänen, K. Histological grade, perineural infiltration, 

tumour-infiltrating lymphocytes and apoptosis as determinants of long-term prognosis in 

prostatic adenocarcinoma. Eur. J. Cancer 1994, 30A, 1797–1803. 

11. Yang, L.; Carbone, D.P. Tumor-host immune interactions and dendritic cell dysfunction.  

Adv. Cancer Res. 2004, 92, 13–27. 

12. Zhang, H.; Melamed, J.; Wei, P.; Cox, K.; Frankel, W.; Bahnson, R.R.; Robinson, N.; Pyka, R.; 

Liu, Y.; Zheng, P. Concordant down-regulation of proto-oncogene PML and major 

histocompatibility antigen HLA class I expression in high-grade prostate cancer. Cancer Immun. 

2003, 3, 2. 

13. Ahmadzadeh, M.; Johnson, L.A.; Heemskerk, B.; Wunderlich, J.R.; Dudley, M.E.; White, D.E.; 

Rosenberg, S.A. Tumor antigen-specific CD8 T cells infiltrating the tumor express high levels of 

PD-1 and are functionally impaired. Blood 2009, 114, 1537–1544. 

14. Chappell, D.B.; Restifo, N.P. T cell-tumor cell: A fatal interaction? Cancer Immunol. 

Immunother. 1998, 47, 65–71. 

15. Curti, A.; Trabanelli, S.; Salvestrini, V.; Baccarani, M.; Lemoli, R.M. The role of indoleamine 

2,3-dioxygenase in the induction of immune tolerance: Focus on hematology. Blood 2009, 113, 

2394–2401. 

16. Fukumura, D.; Kashiwagi, S.; Jain, R.K. The role of nitric oxide in tumour progression. Nat. Rev. 

Cancer 2006, 6, 521–534. 



Cancers 2012, 4                            

 

434

17. de Marzo, A.M.; Platz, E.A.; Sutcliffe, S.; Xu, J.; Gronberg, H.; Drake, C.G.; Nakai, Y.;  

Isaacs, W.B.; Nelson, W.G. Inflammation in prostate carcinogenesis. Nat. Rev. Cancer 2007, 7, 

256–269. 

18. Drake, C.G. Prostate cancer as a model for tumour immunotherapy. Nat. Rev. Immunol. 2010, 

10, 580–593. 

19. Drake, C.G.; Jaffee, E.; Pardoll, D.M. Mechanisms of immune evasion by tumors. Adv. Immunol. 

2006, 90, 51–81. 

20. Galsky, M.D.; Eisenberger, M.; Moore-Cooper, S.; Kelly, W.K.; Slovin, S.F.; DeLaCruz, A.; 

Lee, Y.; Webb, I.J.; Scher, H.I. Phase I trial of the prostate-specific membrane antigen-directed 

immunoconjugate mln2704 in patients with progressive metastatic castration-resistant prostate 

cancer. J. Clin. Oncol. 2008, 26, 2147–2154. 

21. Kantoff, P.W.; Schuetz, T.J.; Blumenstein, B.A.; Glode, L.M.; Bilhartz, D.L.; Wyand, M.; 

Manson, K.; Panicali, D.L.; Laus, R.; Schlom, J.; et al. Overall survival analysis of a phase II 

randomized controlled trial of a poxviral-based psa-targeted immunotherapy in metastatic 

castration-resistant prostate cancer. J. Clin. Oncol. 2010, 28, 1099–1105. 

22. Pijpers, F.; Faint, R.; Saini, N. Therapeutic cancer vaccines. Nat. Rev. Drug Discov. 2005, 4, 

623–624. 

23. Eder, J.P.; Kantoff, P.W.; Roper, K.; Xu, G.X.; Bubley, G.J.; Boyden, J.; Gritz, L.; Mazzara, G.; 

Oh, W.K.; Arlen, P.; et al. A phase I trial of a recombinant vaccinia virus expressing prostate-specific 

antigen in advanced prostate cancer. Clin. Cancer Res. 2000, 6, 1632–1638. 

24. Kaufman, H.L.; Wang, W.; Manola, J.; di Paola, R.S.; Ko, Y.J.; Sweeney, C.; Whiteside, T.L.; 

Schlom, J.; Wilding, G.; Weiner, L.M. Phase II randomized study of vaccine treatment of 

advanced prostate cancer (e7897): A trial of the eastern cooperative oncology group. J. Clin. 

Oncol. 2004, 22, 2122–2132. 

25. Simons, J.W.; Sacks, N. Granulocyte-macrophage colony-stimulating factor-transduced 

allogeneic cancer cellular immunotherapy: The GVAX vaccine for prostate cancer. Urol. Oncol. 

2006, 24, 419–424. 

26. Higano, C.; Saad, F.; Somer, B.; Curti, B.; Petrylak, D.; Drake, C.G.; Schnell, F.; Redfern, C.H.; 

Schrijvers, D.; Sacks, N. A phase III trial of GVAX immunotherapy for prostate cancer versus 

docetaxel plus prednisone in asymptomatic, castration-resistant prostate cancer (crpc). In 2009 

Genitourinary Cancers Symposium, Orlando, FL, USA, 26–28 February 2009; p. LBA150. 

27. Small, E.J.; Demkow, T.; Gerritsen, W.R.; Rolland, F.; Hoskin, P.; Smith, D.C.; Parker, C.; 

Chondros, D.; Ma, J.; Hege, K. A phase III trial of GVAX immunotherapy for prostate cancer in 

combination with docetaxel versus docetaxel plus prednisone in symptomatic, castration-resistant 

prostate cancer (crpc). In 2009 Genitourinary Cancers Symposium, Orlando, FL, USA,  

26–28 February 2009; p. A7. 

28. Beer, T.M.; Slovin, S.F.; Higano, C.S.; Tejwani, S.; Dorff, T.B.; Stankevich, E.; Lowy, I.; 

Prostate Cancer Clinical Trials Consortium. Phase I trial of ipilimumab (IPI) alone and in 

combination with radiotherapy (XRT) in patients with metastatic castration resistant prostate 

cancer (mCRPC). J. Clin. Oncol. 2008, 26, 5004. 
  



Cancers 2012, 4                            

 

435

29. Slovin, S.F.; Beer, T.M.; Higano, C.S.; Tejwani, S.; Hamid, O.; Picus, J.; Harzstark, A.; Scher, H.I.; 

Lan, Z.; Lowy, I.; et al. Initial phase II experience of ipilimumab (IPI) alone and in combination 

with radiotherapy (XRT) in patients with metastatic castration-resistant prostate cancer 

(mCRPC). J. Clin. Oncol. 2009, 27, 5138. 

30. Hodi, F.S.; O’Day, S.J.; McDermott, D.F.; Weber, R.W.; Sosman, J.A.; Haanen, J.B.; Gonzalez, R.; 

Robert, C.; Schadendorf, D.; Hassel, J.C.; et al. Improved survival with ipilimumab in patients 

with metastatic melanoma. N. Engl. J. Med. 2010, 363, 711–723. 

31. Mittendorf, E.A.; Sharma, P. Mechanisms of T-cell inhibition: Implications for cancer 

immunotherapy. Expert Rev. Vaccines 2010, 9, 89–105. 

32. Brahmer, J.R.; Drake, C.G.; Wollner, I.; Powderly, J.D.; Picus, J.; Sharfman, W.H.; Stankevich, E.; 

Pons, A.; Salay, T.M.; McMiller, T.I.; et al. Phase I study of single-agent anti-programmed 

death-1 (MDX-1106) in refractory solid tumors: Safety, clinical activity, pharmacodynamics, and 

immunologic correlates. J. Clin. Oncol. 2010, 28, 3167–3175. 

33. Kantoff, P.W.; Higano, C.S.; Shore, N.D.; Berger, E.R.; Small, E.J.; Penson, D.F.; Redfern, C.H.; 

Ferrari, A.C.; Dreicer, R.; Sims, R.B.; et al. Sipuleucel-T immunotherapy for castration-resistant 

prostate cancer. N. Engl. J. Med. 2010, 363, 411–422. 

34. Beer, T.M.; Bernstein, G.T.; Corman, J.M.; Glode, L.M.; Hall, S.J.; Poll, W.L.; Schellhammer, P.F.; 

Jones, L.A.; Xu, Y.; Kylstra, J.W.; et al. Randomized trial of autologous cellular immunotherapy 

with sipuleucel-T in androgen-dependent prostate cancer. Clin. Cancer Res. 2011, 17, 4558–4567. 

35. Simons, J.W.; Jaffee, E.M.; Weber, C.E.; Levitsky, H.I.; Nelson, W.G.; Carducci, M.A.; 

Lazenby, A.J.; Cohen, L.K.; Finn, C.C.; Clift, S.M.; et al. Bioactivity of autologous irradiated 

renal cell carcinoma vaccines generated by ex vivo granulocyte-macrophage colony-stimulating 

factor gene transfer. Cancer Res. 1997, 57, 1537–1546. 

36. Simons, J.W.; Mikhak, B.; Chang, J.F.; de Marzo, A.M.; Carducci, M.A.; Lim, M.; Weber, C.E.; 

Baccala, A.A.; Goemann, M.A.; Clift, S.M.; et al. Induction of immunity to prostate cancer 

antigens: Results of a clinical trial of vaccination with irradiated autologous prostate tumor cells 

engineered to secrete granulocyte-macrophage colony-stimulating factor using ex vivo gene 

transfer. Cancer Res. 1999, 59, 5160–5168. 

37. Slovin, S.F. Prostate cancer vaccines: Maximizing a suboptimal immune response for improved 

outcome. Clin. Adv. Hematol. Oncol. 2007, 5, 972–980. 

38. Higano, C.S.; Corman, J.M.; Smith, D.C.; Centeno, A.S.; Steidle, C.P.; Gittleman, M.; Simons, J.W.; 

Sacks, N.; Aimi, J.; Small, E.J. Phase 1/2 dose-escalation study of a GM-CSF-secreting, 

allogeneic, cellular immunotherapy for metastatic hormone-refractory prostate cancer. Cancer 

2008, 113, 975–984. 

39. Cameron, F.; Whiteside, G.; Perry, C. Ipilimumab: First global approval. Drugs 2011, 71,  

1093–1104. 

40. A randomized study comparing 4 monthly doses of MDX-010 (CTLA-4) as a single agent or used 

in combination with a single dose of docetaxel in patients with hormone-refractory prostate cancer: 

[clinical trialsgov identifier nct00050596]. Available online: http://clinicaltrials.gov/ct2/show/ 

NCT00050596/ (accessed on 22 November 2011). 



Cancers 2012, 4                            

 

436

41. Ebelt, K.F.; Babaryka, G.; Frankenberger, B.; Stief, C.G.; Eisenmenger, W.; Kirchner, T.; 

Schendel, D.J.; Noessner, E. Prostate cancer lesions are surrounded by FOXP3+, PD-1+ and  

B7-H1+ lymphocyte clusters. Eur. J. Cancer 2009, 45, 1664–1672. 

42. Qian, B.-Z.; Pollard, J.W. Macrophage diversity enhances tumor progression and metastasis. Cell 

2010, 141, 39–51. 

43. Kaplan, R.N.; Psaila, B.; Lyden, D. Niche-to-niche migration of bone-marrow-derived cells. 

Trends Mol. Med. 2007, 13, 72–81. 

44. Valastyan, S.; Weinberg, R.A. Tumor metastasis: Molecular insights and evolving paradigms. 

Cell 2011, 147, 275–292. 

45. Jenq, R.R.; van den Brink, M.R. Allogeneic haematopoietic stem cell transplantation: 

Individualized stem cell and immune therapy of cancer. Nat. Rev. Cancer 2010, 10, 213–221. 

46. Childs, R.; Chernoff, A.; Contentin, N.; Bahceci, E.; Schrump, D.; Leitman, S.; Read, E.J.; 

Tisdale, J.; Dunbar, C.; Linehan, W.M.; et al. Regression of metastatic renal-cell carcinoma after 

nonmyeloablative allogeneic peripheral-blood stem-cell transplantation. N. Engl. J. Med. 2000, 

343, 750–758. 

47. Tykodi, S.S.; Warren, E.H.; Thompson, J.A.; Riddell, S.R.; Childs, R.W.; Otterud, B.E.;  

Leppert, M.F.; Storb, R.; Sandmaier, B.M. Allogeneic hematopoietic cell transplantation for 

metastatic renal cell carcinoma after nonmyeloablative conditioning: Toxicity, clinical response, 

and immunological response to minor histocompatibility antigens. Clin. Cancer Res. 2004, 10, 

7799–7811. 

48. Rini, B.I.; Zimmerman, T.; Stadler, W.M.; Gajewski, T.F.; Vogelzang, N.J. Allogeneic stem-cell 

transplantation of renal cell cancer after nonmyeloablative chemotherapy: Feasibility, engraftment, 

and clinical results. J. Clin. Oncol. 2002, 20, 2017–2024. 

49. Rini, B.I.; Halabi, S.; Barrier, R.; Margolin, K.A.; Avigan, D.; Logan, T.; Stadler, W.M.; 

McCarthy, P.L.; Linker, C.A.; Small, E.J. Adoptive immunotherapy by allogeneic stem cell 

transplantation for metastatic renal cell carcinoma: A CALGB intergroup phase II study. Biol. 

Blood Marrow Transplant. 2006, 12, 778–785. 

50. Nishiyama, T.; Kishi, K.; Deguchi, T.; Mukaiyama, T.; Terunuma, M. High-dose chemotherapy 

with peripheral blood stem-cell transplantation for hormone-refractory advanced carcinoma of 

the prostate: Experience of two cases. Int. J. Urol. 1996, 3, 320–323. 

51. O’Sullivan, J.M.; Norman, A.R.; McCready, V.R.; Flux, G.; Buffa, F.M.; Johnson, B.; Coffey, J.; 

Cook, G.; Treleaven, J.; Horwich, A.; et al. A phase 2 study of high-activity 186Re-HEDP with 

autologous peripheral blood stem cell transplant in progressive hormone-refractory prostate 

cancer metastatic to bone. Eur. J. Nucl. Med. Mol. Imaging 2006, 33, 1055–1061. 

52. Smith-Jones, P.M.; Vallabhajosula, S.; Navarro, V.; Bastidas, D.; Goldsmith, S.J.; Bander, N.H. 

Radiolabeled monoclonal antibodies specific to the extracellular domain of prostate-specific 

membrane antigen: Preclinical studies in nude mice bearing lncap human prostate tumor. J. Nucl. 

Med. 2003, 44, 610–617. 
  



Cancers 2012, 4                            

 

437

53. Morris, M.J.; Milowsky, M.I.; Pandit-Tasker, N.; Divgi, C.; David, K.A.; Rozario, C.P.; 

Vallabhajosula, S.; Goldsmith, S.J.; Scher, H.I.; Nanus, D.M. Phase 2 trial of 177Lutetium (177Lu) 

radiolabeled anti-prostate-specific membrane antigen (PSMA) monoclonal antibody (mAb) J591 

(177Lu-J591) in patients (pts) with metastatic androgen independent prostate cancer (AIPC).  

J. Clin. Oncol. 2006, 24, 4613. 

54. Milowsky, M.I.; Nanus, D.M.; Kostakoglu, L.; Sheehan, C.E.; Vallabhajosula, S.; Goldsmith, S.J.; 

Ross, J.S.; Bander, N.H. Vascular targeted therapy with anti-prostate-specific membrane antigen 

monoclonal antibody J591 in advanced solid tumors. J. Clin. Oncol. 2007, 25, 540–547. 

55. Milowsky, M.I.; Galsky, M.; George, D.J.; Lewin, J.M.; Rozario, C.P.; Marshall, T.; Chang, M.; 

Nanus, D.M.; Webb, I.J.; Scher, H.I. Phase I/II trial of the prostate-specific membrane antigen 

(psma)-targeted immunoconjugate mln2704 in patients (pts) with progressive metastatic 

castration resistant prostate cancer. J. Clin. Oncol. 2006, 24, 4500. 

56. Sallusto, F.; Lanzavecchia, A. Efficient presentation of soluble antigen by cultured human 

dendritic cells is maintained by granulocyte/macrophage colony-stimulating factor plus interleukin 

4 and downregulated by tumor necrosis factor alpha. J. Exp. Med. 1994, 179, 1109–1118. 

57. Klein, C.; Bueler, H.; Mulligan, R.C. Comparative analysis of genetically modified dendritic 

cells and tumor cells as therapeutic cancer vaccines. J. Exp. Med. 2000, 191, 1699–1708. 

58. Burch, P.A.; Croghan, G.A.; Gastineau, D.A.; Jones, L.A.; Kaur, J.S.; Kylstra, J.W.;  

Richardson, R.L.; Valone, F.H.; Vuk-Pavlovic, S. Immunotherapy (APC8015, Provenge®) targeting 

prostatic acid phosphatase can induce durable remission of metastatic androgen-independent 

prostate cancer: A phase 2 trial. Prostate 2004, 60, 197–204. 

59. Small, E.J.; Fratesi, P.; Reese, D.M.; Strang, G.; Laus, R.; Peshwa, M.V.; Valone, F.H. 

Immunotherapy of hormone-refractory prostate cancer with antigen-loaded dendritic cells.  

J. Clin. Oncol. 2000, 18, 3894–3903. 

60. Beinart, G.; Rini, B.I.; Weinberg, V.; Small, E.J. Antigen-presenting cells 8015 (Provenge®) in 

patients with androgen-dependent, biochemically relapsed prostate cancer. Clin. Prostate Cancer 

2005, 4, 55–60. 

61. Burch, P.A.; Breen, J.K.; Buckner, J.C.; Gastineau, D.A.; Kaur, J.A.; Laus, R.L.; Padley, D.J.; 

Peshwa, M.V.; Pitot, H.C.; Richardson, R.L.; et al. Priming tissue-specific cellular immunity in a 

phase I trial of autologous dendritic cells for prostate cancer. Clin. Cancer Res. 2000, 6, 2175–2182. 

62. Small, E.J.; Schellhammer, P.F.; Higano, C.S.; Redfern, C.H.; Nemunaitis, J.J.; Valone, F.H.; 

Verjee, S.S.; Jones, L.A.; Hershberg, R.M. Placebo-controlled phase iii trial of immunologic 

therapy with sipuleucel-T (APC8015) in patients with metastatic, asymptomatic hormone 

refractory prostate cancer. J. Clin. Oncol. 2006, 24, 3089–3094. 

63. Higano, C.S.; Schellhammer, P.F.; Small, E.J.; Burch, P.A.; Nemunaitis, J.; Yuh, L.; Provost, N.; 

Frohlich, M.W. Integrated data from 2 randomized, double-blind, placebo-controlled, phase 3 

trials of active cellular immunotherapy with sipuleucel-T in advanced prostate cancer. Cancer 

2009, 115, 3670–3679. 

64. Hall, S.J.; Klotz, L.; Pantuck, A.J.; George, D.J.; Whitmore, J.B.; Frohlich, M.W.; Sims, R.B. 

Integrated safety data from 4 randomized, double-blind, controlled trials of autologous cellular 

immunotherapy with sipuleucel-T in patients with prostate cancer. J. Urol. 2011, 186, 877–881. 



Cancers 2012, 4                            

 

438

65. Hoos, A.; Parmiani, G.; Hege, K.; Sznol, M.; Loibner, H.; Eggermont, A.; Urba, W.; 

Blumenstein, B.; Sacks, N.; Keilholz, U.; et al. A clinical development paradigm for cancer 

vaccines and related biologics. J. Immunother. 2007, 30, 1–15. 

66. Wolchok, J.D.; Hoos, A.; O’Day, S.; Weber, J.S.; Hamid, O.; Lebbe, C.; Maio, M.; Binder, M.; 

Bohnsack, O.; Nichol, G.; et al. Guidelines for the evaluation of immune therapy activity in solid 

tumors: Immune-related response criteria. Clin. Cancer Res. 2009, 15, 7412–7420. 

67. Hoos, A.; Eggermont, A.M.; Janetzki, S.; Hodi, F.S.; Ibrahim, R.; Anderson, A.; Humphrey, R.; 

Blumenstein, B.; Old, L.; Wolchok, J. Improved endpoints for cancer immunotherapy trials.  

J. Natl. Cancer Inst. 2010, 102, 1388–1397. 

68. Madan, R.A.; Gulley, J.L.; Fojo, T.; Dahut, W.L. Therapeutic cancer vaccines in prostate cancer: 

The paradox of improved survival without changes in time to progression. Oncologist 2010, 15, 

969–975. 

69. Scher, H.I.; Halabi, S.; Tannock, I.; Morris, M.; Sternberg, C.N.; Carducci, M.A.; Eisenberger, M.A.; 

Higano, C.; Bubley, G.J.; Dreicer, R.; et al. Design and end points of clinical trials for patients 

with progressive prostate cancer and castrate levels of testosterone: Recommendations of the 

prostate cancer clinical trials working group. J. Clin. Oncol. 2008, 26, 1148–1159. 

70. Ryan, C.J.; Shah, S.; Efstathiou, E.; Smith, M.R.; Taplin, M.E.; Bubley, G.J.; Logothetis, C.J.; 

Kheoh, T.; Kilian, C.; Haqq, C.M.; et al. Phase II study of abiraterone acetate in chemotherapy-naive 

metastatic castration-resistant prostate cancer displaying bone flare discordant with serologic 

response. Clin. Cancer Res. 2011, 17, 4854–4861. 

71. Laus, R.; Yang, D.; Ruegg, C.; Shapero, M.; Slagle, P.; Small, E.; Burch, P.; Valone, F.H. 

Dendritic cell immunotherapy of prostate cancer: Preclinical models and early clinical 

experience. Cancer Res. Ther. Control 2001, 11, 1–10. 

72. Stewart, F.P.; dela Rosa, C.P.; Sheikh, N.A.; McNeel, D.G.; Frohlich, M.W.; Urdal, D.L.; 

Provost, N.M. Correlation between product parameters and overall survival in three trials of 

sipuleucel-T, an autologous active cellular immunotherapy for the treatment of prostate cancer.  

J. Clin. Oncol. 2010, 28, 4552. 

73. Sims, R.B. Development of sipuleucel-T: Autologous cellular immunotherapy for the treatment 

of metastatic castrate resistant prostate cancer. Vaccine 2011, in press. 

74. Sheikh, N.A.; Jones, L.A. CD54 is a surrogate marker of antigen presenting cell activation. 

Cancer Immunol. Immunother. 2008, 57, 1381–1390. 

75. Sheikh, N.; dela Rosa, C.; Frohlich, M.; Urdal, D.; Provost, N. Sipuleucel-T treatment results in 

sequential ex vivo activation of apcs and T cells during the culture step—Evidence for in vivo 

immunological priming. Presented at the AACR 101st Annual Meeting 2010, Washington, DC, 

USA, 21 April 2010. 

76. Wesley, J.D.; Chadwick, E.; Kuan, L.-Y.; dela Rosa, C.; Frohlich, M.; Urdal, D. Characterization 

of antigen specific T cell activation and cytokine expression induced by sipuleucel-T.  

J. Immunother. 2010, 33, 912–913. 

77. Sheikh, N.A.; Wesley, J.D.; Chadwick, E.; Perdue, N.; dela Rosa, C.; Frohlich, M.W.; Stewart, F.P.; 

Urdal, D.L.; Dendreon Corporation, Seattle, WA, USA. Characterization of antigen specifric  

T-cell activation and cytokine expression induced by sipuleucel-T. J. Clin. Oncol. 2011, 29, 155. 



Cancers 2012, 4                            

 

439

78. Butterfield, L.H.; Disis, M.L.; Khleif, S.N.; Balwit, J.M.; Marincola, F.M. Immuno-oncology 

biomarkers 2010 and beyond: Perspectives from the isbtc/sitc biomarker task force. J. Transl. 

Med. 2010, 8, 130. 

79. Mercader, M.; Bodner, B.K.; Moser, M.T.; Kwon, P.S.; Park, E.S.; Manecke, R.G.; Ellis, T.M.; 

Wojcik, E.M.; Yang, D.; Flanigan, R.C.; et al. T cell infiltration of the prostate induced by 

androgen withdrawal in patients with prostate cancer. Proc. Natl. Acad. Sci. USA 2001, 98, 

14565–14570. 

80. Oliver, R.T.; Gallagher, C.J. Intermittent endocrine therapy and its potential for chemoprevention 

of prostate cancer. Cancer Surv. 1995, 23, 191–207. 

81. Drake, C.G.; Doody, A.D.; Mihalyo, M.A.; Huang, C.T.; Kelleher, E.; Ravi, S.; Hipkiss, E.L.; 

Flies, D.B.; Kennedy, E.P.; Long, M.; et al. Androgen ablation mitigates tolerance to a 

prostate/prostate cancer-restricted antigen. Cancer Cell 2005, 7, 239–249. 

82. Roden, A.C.; Moser, M.T.; Tri, S.D.; Mercader, M.; Kuntz, S.M.; Dong, H.; Hurwitz, A.A.; 

McKean, D.J.; Celis, E.; Leibovich, B.C.; et al. Augmentation of T cell levels and responses 

induced by androgen deprivation. J. Immunol. 2004, 173, 6098–6108. 

83. Morse, M.D.; McNeel, D.G. Prostate cancer patients on androgen deprivation therapy develop 

persistent changes in adaptive immune responses. Hum. Immunol. 2010, 71, 496–504. 

84. Friedman, E.J. Immune modulation by ionizing radiation and its implications for cancer 

immunotherapy. Curr. Pharm. Des. 2002, 8, 1765–1780. 

85. McBride, W.H.; Chiang, C.S.; Olson, J.L.; Wang, C.C.; Hong, J.H.; Pajonk, F.; Dougherty, G.J.; 

Iwamoto, K.S.; Pervan, M.; Liao, Y.P. A sense of danger from radiation. Radiat. Res. 2004, 162, 

1–19. 

86. Demaria, S.; Bhardwaj, N.; McBride, W.H.; Formenti, S.C. Combining radiotherapy and 

immunotherapy: A revived partnership. Int. J. Radiat. Oncol. Biol. Phys. 2005, 63, 655–666. 

87. Nesslinger, N.J.; Sahota, R.A.; Stone, B.; Johnson, K.; Chima, N.; King, C.; Rasmussen, D.; 

Bishop, D.; Rennie, P.S.; Gleave, M.; et al. Standard treatments induce antigen-specific immune 

responses in prostate cancer. Clin. Cancer Res. 2007, 13, 1493–1502. 

88. Zhang, G.; Zhang, L.; Duff, G.W. A negative regulatory region containing a glucocorticosteroid 

response element (nGRE) in the human interleukin-1beta gene. DNA Cell Biol. 1997, 16, 145–152. 

89. Meagher, L.C.; Cousin, J.M.; Seckl, J.R.; Haslett, C. Opposing effects of glucocorticoids on the 

rate of apoptosis in neutrophilic and eosinophilic granulocytes. J. Immunol. 1996, 156, 4422–4428. 

90. Chatham, W. Glucocorticoid effects on the immune system. Available online: 

http://www.uptodate.com/contents/glucocorticoid-effects-on-the-immune-system/ (accessed on  

2 April 2012). 

91. de Bono, J.S.; Oudard, S.; Ozguroglu, M.; Hansen, S.; Machiels, J.P.; Kocak, I.; Gravis, G.; 

Bodrogi, I.; Mackenzie, M.J.; Shen, L.; et al. Prednisone plus cabazitaxel or mitoxantrone for 

metastatic castration-resistant prostate cancer progressing after docetaxel treatment: A 

randomised open-label trial. Lancet 2010, 376, 1147–1154. 

92. Hammerstrom, A.E.; Cauley, D.H.; Atkinson, B.J.; Sharma, P. Cancer immunotherapy: 

Sipuleucel-T and beyond. Pharmacotherapy 2011, 31, 813–828. 

93. Gulley, J.; Madan, R.; Arlen, P. Enhancing efficacy of therapeutic vaccinations by combination 

with other modalities. Vaccine 2007, 25, B89–B96. 



Cancers 2012, 4                            

 

440

94. Emens, L.A.; Machiels, J.P.; Reilly, R.T.; Jaffee, E.M. Chemotherapy: Friend or foe to cancer 

vaccines? Curr. Opin. Mol. Ther. 2001, 3, 77–84. 

95. Garnett, C.T.; Schlom, J.; Hodge, J.W. Combination of docetaxel and recombinant vaccine 

enhances T-cell responses and antitumor activity: Effects of docetaxel on immune enhancement. 

Clin. Cancer Res. 2008, 14, 3536–3544. 

96. Garrido, C.; Romero, I.; Berruguilla, E.; Cancela, B.; Algarra, I.; Collado, A.; Garcia-Lora, A.; 

Garrido, F. Immunotherapy eradicates metastases with reversible defects in mhc class I 

expression. Cancer Immunol. Immunother. 2011, 60, 1257–1268. 

97. Aptsiauri, N.; Cabrera, T.; Mendez, R.; Garcia-Lora, A.; Ruiz-Cabello, F.; Garrido, F. Role of 

altered expression of HLA class I molecules in cancer progression. Adv. Exp. Med. Biol. 2007, 

601, 123–131. 

98. Aptsiauri, N.; Carretero, R.; Garcia-Lora, A.; Real, L.M.; Cabrera, T.; Garrido, F. Regressing and 

progressing metastatic lesions: Resistance to immunotherapy is predetermined by irreversible 

HLA class I antigen alterations. Cancer Immunol. Immunother. 2008, 57, 1727–1733. 

99. Garrido, F.; Cabrera, T.; Aptsiauri, N. “Hard” and “soft” lesions underlying the HLA class I 

alterations in cancer cells: Implications for immunotherapy. Int. J. Cancer 2010, 127, 249–256. 

100. Arlen, P.M.; Gulley, J.L.; Parker, C.; Skarupa, L.; Pazdur, M.; Panicali, D.; Beetham, P.;  

Tsang, K.Y.; Grosenbach, D.W.; Feldman, J.; et al. A randomized phase II study of concurrent 

docetaxel plus vaccine versus vaccine alone in metastatic androgen-independent prostate cancer. 

Clin. Cancer Res. 2006, 12, 1260–1269. 

101. Gribben, J.G.; Ryan, D.P.; Boyajian, R.; Urban, R.G.; Hedley, M.L.; Beach, K.; Nealon, P.; 

Matulonis, U.; Campos, S.; Gilligan, T.D.; et al. Unexpected association between induction of 

immunity to the universal tumor antigen CYP1B1 and response to next therapy. Clin. Cancer Res. 

2005, 11, 4430–4436. 

102. Antonia, S.J.; Mirza, N.; Fricke, I.; Chiappori, A.; Thompson, P.; Williams, N.; Bepler, G.; 

Simon, G.; Janssen, W.; Lee, J.H.; et al. Combination of p53 cancer vaccine with chemotherapy 

in patients with extensive stage small cell lung cancer. Clin. Cancer Res. 2006, 12, 878–887. 

103. Petrylak, D. Defining the optimal role of immunotherapy and chemotherapy: Advanced prostate 

cancer patients who receive sipuleucel-T followed by docetaxel derive the greatest survival benefit. 

In Chemotherapy Symposium 14th Annual Meeting, New York, NY, USA, 8–11 November, 2006. 

104. Sheikh, N.A.; Small, E.J.; Quinn, D.I.; Higano, C.S.; Lin, D.W.; Wesley, J.D.; Haynes, H.; 

Stewart, F.P.; Poehlein, C.H.; Trager, J.B. Sipuleucel-T product characterization across different 

disease states of prostate cancer. J. Clin. Oncol. 2012, 30, 42. 

105. Waeckerle-Men, Y.; Uetz-von Allmen, E.; Fopp, M.; von Moos, R.; Bohme, C.; Schmid, H.P.; 

Ackermann, D.; Cerny, T.; Ludewig, B.; Groettrup, M.; et al. Dendritic cell-based multi-epitope 

immunotherapy of hormone-refractory prostate carcinoma. Cancer Immunol. Immunother. 2006, 

55, 1524–1533. 

106. Kim, D.W.; Krishnamurthy, V.; Bines, S.D.; Kaufman, H.L. TroVax, a recombinant modified 

vaccinia Ankara virus encoding 5T4: Lessons learned and future development. Hum. Vaccin. 

2010, 6, 784–791. 
  



Cancers 2012, 4                            

 

441

107. Wolchok, J.D.; Weber, J.S.; Hamid, O.; Lebbe, C.; Maio, M.; Schadendorf, D.; de Pril, V.; 

Heller, K.; Chen, T.T.; Ibrahim, R.; et al. Ipilimumab efficacy and safety in patients with 

advanced melanoma: A retrospective analysis of HLA subtype from four trials. Cancer Immun. 

2010, 10, 9. 

108. Small, E.J.; Higano, C.S.; Kantoff, P.W.; Whitmore, J.B.; Frohlich, M.W.; Petrylak, D.P. Time to 

disease-related pain after sipuleucel-T in asymptomatic patients with metastatic castrate-resistant 

prostate cancer (mcrpc): Results from three randomized phase III trials. J. Clin. Oncol. 2011,  

29, 4661. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


