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Abstract  The  high  frequency  of  prostate  cancer  in  the 
population of the industrial nations and the lack of cura-
tive  therapies  for advanced hormone refractory disease 
mandates the investigation of novel, more efficient ther-
apeutic approaches. Recent advances  in rodent models 
have  evidenced  the  therapeutic  effects  of  antiprostate 
cancer  vaccines,  T  cell  transfer  strategies  and  blockade 
of the negative regulator of T cell activation CTLA-4. Be-
sides, several immunotherapeutic products have already 
been investigated in later-phase clinical trials and shown 
clinical  benefit  while  maintaining  an  excellent  quality 
of  life  for the treated patients,  in particular, when com-
pared  with  chemotherapy.  However,  there  is  also  evi-
dence  for  a  synergistic  effect  of  conventional  treatment 
strategies  and  immunological  antitumor  approaches. 
For  example,  thermal  ablation  which  is  applied  to  de-
stroy  tumor  tissue  may  help  to  activate  tumor-specific 
T  cells  by  elevating  the  presentation  of  tumor  antigens 
to  the  immune  system.  Based  on  the  experimental  and 
clinical data the role of immune-based therapies is likely 
to become more prominent in the future years. This re-
view  summarizes  results  from  contemporary  immuno-
logic therapies and clinical trials against prostate cancer.
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Review article

Prostate  cancer  is  the  most  common  cancer  found  in 
men [1]. Effective  treatment of metastatic prostate can-
cer  currently  involves  radiation  therapy,  chemother-
apy,  and/or  androgen  ablation  [2].  However,  men  with 
metastatic  prostate  cancer  almost  always  progress  after 
primary androgen ablation and develop castration-resis-
tant prostate cancer after a median time of 18–24 months 

[3].  Other  methods  of  hormonal  manipulation  such  as 
estrogens  or  ketoconazole  can  improve  the  outcome  in 
a  subpopulation  of  patients  with  metastatic  castration-
resistant  prostate  cancer  (mCRPC),  but  this  benefit  is 
usually short-lived [4]. A Canadian phase III randomized 
clinical  trial  (RCT)  comparing  mitoxantrone  plus  pred-
nisone with prednisone alone established the palliative 
benefit  of  mitoxantrone  in  approximately  30  %  of  sym-
ptomatic  men  with  mCRPC  [5]  and  recently  Docetaxel 
plus prednisolon was shown to have considerable effects 
in mCRPC [6].

Overall, for patients with hormone-refractory prostate 
carcinoma  effective  therapies  are  rare  and  prognosis  is 
still very poor [7]. While chemotherapy has shown some 
success,  it  is relatively toxic in contrast to immunother-
apeutic strategy.

Since  the  presence  of  lymphocytes  within  prostate 
tumor  microenvironment  [8]  and  circulating  tumor-re-
active T cells  in the peripheral blood of prostate cancer 
patients  [9]  have  been  reported,  it  was  suspected  that 
this tumor entity elicits immune responses. The detailed 
analyses of the prostate tumor-infiltrating cells revealed 
CD8+ T cells [10], regulatory FoxP3+ cells (Treg) [11], and 
Th17 cells [12]. The presence alone of these cells does not 
necessarily proves their functional pro- or antiinflamma-
tory function in the tumor microenvironment. However, 
dysfunctional T cells both systemically and at the tumor 
site  [13]  indicate  that  CTL  may  receive  suppressive  sig-
nals from other neighboring cells. The presence of Tregs 
at  the  tumor  site  can  inhibit  effector  T  cell  trafficking 
and function. However, studies depleting Tregs have had 
mixed results in mouse models [14]. Thermal ablation to 
destroy tumor tissue may help activate tumor-specific T 
cells by elevating  the presentation of  tumor antigens  to 
the immune system. Conversely, it was shown that Treg 
are  recruited  into  tumor  tissues  via  a  CXCR4/CXCL12-
dependent  mechanism  in  which  the  chemoattractant 
was produced by antigen-presenting cells [15].

The  vaccination  with  autologous  monocyte-derived 
dendritic cells (DCs) pulsed with prostate-specific anti-
gens has been shown to be effective in mice and men [16]. 
DCs  pulsed  with  tumor  lysates,  peptide  transfection  of 
RNA or DC-tumor cell fusions have been shown to induce 
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tumor-specific  cytotoxic  T-cell  (CTL)  response  in  vitro 
and  antitumoral  immune  responses  in  animal  models 
or human studies [17, 18]. In the various prostate cancer 
vaccination strategies different peptides have been used. 
Ideally, the antigen is found at low levels in normal tissue 
and at high levels in the tumor tissue. Different antigens 
have  been  studied,  and  prostate-specific  antigen  (PSA) 
is found in prostate tissue and very low levels in normal 
breast and salivary gland tissue. The use of PSA peptides 
for  vaccine  development  was  further  supported  by  the 
identification of several class I human leukocyte antigen 
A2  (HLA-A2)-restricted  T-cell  epitopes  within  the  PSA-
coding sequences [19] and HLA-A2 positive matured DCs 
pulsed with these epitopes had been shown to effectively 
activate PSA-specific CTL against PSA-expressing tumor 
cells [20, 21]. Another antigen is prostate stem cell anti-
gen (PSCA) which is also overexpressed in most prostate 
cancers. A phase I/II trial demonstrated that vaccination 
with  PSA/PSCA  peptide-loaded,  autologous  DCs  indu-
ced  cellular  responses  primarily  in  immunocompetent 
patients, which was associated with clinical benefit [22]. 
In this study, flow cytometry-based HLA tetramer analy-
sis detected high  frequencies of peptide-specific T cells 
after two vaccinations. The DTH immune response cor-
related  with  the  overall  survival  of  the  patients  treated 
with the vaccine.

Sipuleucel-T  (APC8015),  an  immunotherapy  product 
consisting  of  antigen-presenting  cells,  loaded  with  a 
recombinant  fusion  protein  consisting  of  prostatic  acid 
phosphatase linked to granulocyte-macrophage colony-
stimulating factor, demonstrated in a phase III, placebo-
controlled  trial  an  improvement  in  the  median  time  to 
progression [23, 24]. The improvement in overall survival 
was 4.5 months for sipuleucel-T-treated patients compa-
red with the placebo group [23, 24].

Overall, the response rates to vaccination are low and 
a better understanding of factors that impact the micro-
environment  and  the  function  of  antigen-specific  CTLs 
need further exploration. A recent study could show that 
the antitumoral CTL function following immunization is 
counteracted by the parallel expansion of Treg [25] which 
prevent effective tumor rejection. Therefore, the specific 
depletion of Treg was undertaken and improved immune 
responses [26].

Besides Treg residing in the tumor microenvironment, 
the  role  of  androgen  in  modulating  immune  function, 
and  the  consequence  of  androgen  removal/blockade 
on  adaptive  immune  responses  has  been  investigated 
in detail [25]. Androgen is generally regarded as immu-
nosuppressive  and  hormone  removal  increases  T  cell 
function in autoimmune disease models [27, 28]. Based 
on  these  observations  it  is  conceivable  that  androgen 
removal may augment T cell responses following immu-
nization against prostate tumor antigens, including self-
proteins. Compatible with a role of androgen, a CD8+ T 
cell response to a prostate self-antigen was only elicited 
if  the  immunization  preceded  castration  [29].  Conver-
sely,  the function of transgenic CD8+ T cells specific for 
PSA was enhanced until 4 weeks postcastration [30]. In a 

CD4+ transgenic T cell model, androgen deprivation and 
vaccination were synergistic and increased T cell prolife-
ration  early  after  castration  [31].  These  studies  indicate 
that androgen ablation is capable to enhance antitumor 
immune responses to prostate-specific tumor antigens.

The  antitumor  activity  of  T  cells  in  the  microenvi-
ronment  of  prostate  cancer  may  be  restrained  by  their 
expression  of  the  inhibitory  T-cell  coreceptor  cytotoxic 
T-lymphocyte antigen 4 (CTLA-4) also known as CD152. 
A  strategy  to  enhance  antitumor  immune  responses 
is  the  use  of  ipilimumab,  a  blocking  antibody  against 
CTLA-4. In support of this concept, recent data indicate 
that  a  combination  of  cryoablation  with  CTLA-4  blo-
ckade  enhances  antitumor  immunity  against  prostate 
cancer [32]. A recent clinical phase I dose-escalation trial 
including  28  patients  combined  immunotherapy  with 
granulocyte-macrophage  colony-stimulating  factor-
transduced allogeneic prostate cancer cells and ipilimu-
mab in patients with metastatic mCRPC [33]. A response 
with respect to the PSA level was observed in 25 % and the 
toxicity was limited [33]. A second clinical trial combined 
ipilimumab  and  a  poxviral  vaccine  targeting  prostate-
specific antigen for patients with mCRPC and found that 
of  the  24  patients  who  were  chemotherapy  naive,  58  % 
had PSA declines from baseline [34].

Based  on  the  observation  that  lenalidomide  can 
induce  apoptosis  in  different  malignant  cell  types  by 
natural killer cell activation [35], that it can modulate the 
tumor  cell  microenvironment  [36],  block  angiogenesis 
[37] and proliferation, it was also studied for its effect in 
prostate cancer [38]. In a clinical study on nonmetasta-
tic biochemically relapsed prostate cancer, lenalidomide 

Fig. 1 Ipilimumab, sipuleucel-T, and lenalidomide are novel 
therapeutic options targeting the prostate cancer microen-
vironment. By blocking cytotoxic T-lymphocyte antigen-4 
(CTLA-4), ipilimumab neutralizes the negative regulator of T 
cell activation. The natural negative regulator that can be en-
gaged by B7 molecules is CTLA-4 which then inhibits T cell 
activation. Sipuleucel-T consists of antigen-presenting cells, 
loaded with a recombinant fusion protein which is prostatic 
acid phosphatase linked to granulocyte-macrophage colony-
stimulating factor. Lenalidomide can induce immunomodula-
tion, modification of tumor cell microenvironment, and inhibi-
tion of angiogenesis
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had  acceptable  toxicity  and  was  associated  with  long-
term disease stabilization [38].

Conclusion

Results from the different studies on immunotherapy of 
prostate cancer imply that combination immunotherapy, 
with strategies to deplete Treg, transfer of tumor-specific 
T  cells,  and  CTLA-4  blockade  can  lead  to  an  increased 
proportion of functional T cells that can efficiently access 
the cancerous glands, which could be in the future effec-
tive at eliminating or preventing the development of cas-
tration-resistant prostate cancer (Fig. 1).
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