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Immunotherapy for prostate cancer: 
Requirements for a successful regime transfer
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Despite the revolutionary progress in cancer treatment using immune checkpoint inhibitors (ICIs), remarkable responses in pros-
tate cancer treatment have not yet been achieved. The disappointing previous results of ICIs have required further studies towards 
combined treatment targeting other pathways and restricted the eligibility criteria for patients with high mutation burdens, es-
pecially those with mismatch repair deficiency. Cancer immunotherapies activate adaptive immune systems, rather than directly 
attack tumor cells with their own cytotoxicity. Therefore, refractoriness to ICIs can not only be derived from the intractable nature 
of tumor cells per se , but also from their hostile milieu. Here, we reviewed the prostate cancer immunotherapies exploring clinical 
trials to date, along with the molecular characteristics of prostate cancer and its microenvironment.
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INTRODUCTION

Prostate cancer is the second-most prevalent cancer and 
leads the sixth-highest cancer-related mortality rate in men 
[1]. Localized prostate cancers are curable by regional treat-
ment, such as radical prostatectomy or radiotherapy, and 
can even be supervised with special caution via active sur-
veillance in well-matched low-risk patients [2]. However, ap-
proximately 20% to 30% of patients experience recurrences 
requiring further therapeutic modalities. Androgen depri-
vation therapy (ADT) is generally used for treatment of 
metastatic prostate cancer, achieving durable responses and 
manageable adverse effects. However, most prostate cancers 
finally develop resistance to ADT, classified as castration-
resistant prostate cancer (CRPC) [3]. CRPC can proliferate 
and survive under androgen deficiency through various 
strategies, including the de novo synthesis of androgen, mod-

ification of androgen receptors (ARs), cross-talk with other 
molecular pathways to improve the AR pathways, and cellu-
lar plasticity involving epithelial to mesenchymal transition 
(EMT) and cancer stem cells [4,5]. CRPC can be classified 
as non-metastatic CRPC (nmCRPC) and metastatic CRPC 
(mCRPC) according to the clinical metastasis. In the strug-
gle to subdue CRPC, first-line treatment involves second-
generation antiandrogens and taxane-based chemotherapies 
[6]. However, these therapeutics increase the overall survival 
(OS) by a few months, and CRPCs remain incurable.

Tumor immunotherapy has revolutionized cancer treat-
ment by providing durable responses and a broad range of 
applications in treating many cancers [7-9]. Cancer immu-
notherapy primarily intends to promote the activation of 
cytotoxic T cells, which have anti-tumor effects, by recogniz-
ing tumor antigens and executing apoptosis through gran-
zyme and perforin [10]. Immunotherapy has accomplished 
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remarkable progresses in the field of urology. In metastatic 
renal cell carcinoma with intermediate and poor risk, as 
defined by the International Metastatic RCC Database 
Consortium, combined treatment with nivolumab and ipili-
mumab, which are inhibitors of programmed death 1 (PD-
1) and cytotoxic T lymphocyte-associated protein 4 (CTLA4), 
respectively, achieved superior OS and complete response 
rates to sunitinib, with fewer adverse effects in the phase-3 
Checkmate 214 trial [11,12]. Other phase-3 trials, including 
KEYNOTE-426, JAVELIN Renal 101, and IMmotion161, 
demonstrated the benefits of anti-PD-1 or PD-L1 agents in 
combination with axitinib or bevacizumab, with superior 
OS and progression-free survival to sunitinib [13,14]. In 
metastatic bladder cancer, phase-2 trials with anti-PD-1 and 
PD-L1 agents exhibited complete remission in 9% to 10% of 
patients, and they have since become a first-line treatment 
for cisplatin-ineligible patients with positive PD-L1 expres-
sion [15,16]. Furthermore, for muscle-invasive bladder cancer, 
neoadjuvant pembrolizumab (anti PD-L1 inhibitor) achieved 
pT0 in 42% of patients, and its performance was notably 
better in PD-L1 high patients [17].

In prostate cancer, the first immunotherapeutic agent, 
sipuleucel-T, was adopted for treating mCRPC with minimal 
metastatic burden in 2010 [18], which uses autologous periph-
eral blood mononuclear cells activated ex vivo by the recom-
binant fusion protein PA2024 to activate cytotoxic T cells. 
Sipuleucel-T improves OS by four months; however, progres-
sion-free survival in mCRPCs has not been observed [19]. The 
insufficient yet promising results achieved for sipuleucel-
T suggest an encouraging future for immune checkpoint 
inhibitors (ICIs). However, benefits in terms of OS have not 
yet been observed. In this review, we summarize the ongoing 
clinical trials on immunotherapy for prostate cancer, review 
the molecular mechanism of resistance to immunotherapy 
in prostate cancer, and discuss future directions to improve 
prostate cancer immunotherapy.

CLINICAL TRIALS OF IMMUNE  
CHECKPOINT INHIBITORS ON  
PROSTATE CANCER

1. CTLA4 inhibitor
CTLA4 negatively regulates T cell activation by binding 

to its ligand B7.1 and B7.2 costimulatory molecules [20]. Ipili-
mumab, an anti-CTLA4 monoclonal antibody, blocks CTLA4 
to switch off  the inhibitory mechanism and potentiate 
cytotoxic T cell effects against tumors. Ipilimumab mono-
therapy failed to achieve significant benefits in prostate 
cancer treatment (Table 1) [21-31]. In the randomized double-

blind phase-3 CA184-095 trial, there was no significant dif-
ference in OS between the ipilimumab-and placebo-treated 
groups (median OS 28.7 and 29.7 months, respectively) in 
chemotherapy-naïve mCRPC patients with minimal disease 
burden [21]. The CA184-043 trial was conducted in mCRPC 
patients with bone metastasis, with ipilimumab or a placebo 
administered after bone-directed radiotherapy. Ipilimumab 
achieved favorable OS, but without a significant difference 
[22].

2. PD-1/PD-L1 inhibitor
PD-1 is a surface receptor on T cells that abrogates im-

mune activation by binding to its ligand PD-L1 as a sub-
stantial immune checkpoint [32,33]. In the tumor microenvi-
ronment (TME), tumor cells exhibit high PD-L1 expression, 
which binds to the PD-1 on the T cells to be exhausted, lead-
ing to immune surveillance evasion [34]. Anti-PD-1/PD-L1 
antibodies reinvigorate exhausted T cells to recover the anti-
tumor immune activity [35]. Although several investigations 
into anti PD-1/PD-L1 inhibitors are ongoing, discouraging re-
sults have been reported (Table 1). In a phase-1 trial (CA209-
003), the first clinical trial on nivolumab, an anti-PD-1 mono-
clonal antibody achieved objective responses in non-small 
cell lung cancer, melanoma, and renal cell cancer, but not in 
mCRPC [26]. The KEYNOTE-028 trial employing pembroli-
zumab, an anti-PD-1 inhibitor, was conducted on advanced 
prostate cancer expressing PD-L1 over 1% of the tumor or 
stroma, and 17.4% of patients exhibited an overall response 
without complete response, and 39.1% of  patients experi-
enced progressive disease, which hinders the applicability of 
pembrolizumab in metastatic prostate cancer treatment [27]. 
The phase-2 KEYNOTE-199 trial on mCRPC involved 258 
patients in three cohorts who were previously treated with 
docetaxel and one or more androgen-deprivation treatments 
(Table 1). The cohorts were defined as PD-L1-positive (co-
hort 1), PD-L1-negative (cohort 2) with RECIST-measurable 
disease, and predominant bone metastasis (cohort 3). PD-L1 
positivity had no impact on the objective response or disease 
control rates (5% vs. 3%, 10% vs. 9%, respectively). However, 
encouragingly, two patients attained complete response in 
cohort 1. Full genome sequencing in these cohorts revealed 
that BRCA1/2 or ATM gene aberrations were somewhat re-
lated to higher objective responsive rate (11%) than aberra-
tions in other homologous recombination repair (HRR) genes 
(0%) or no aberrations in HRR genes (3%) [28].



5Investig Clin Urol 2022;63:3-13. www.icurology.org

Review on immunotherapy for prostate cancer

Ta
bl

e 
1.

 C
lin

ic
al

 tr
ia

ls 
of

 im
m

un
e 

ch
ec

k 
po

in
t i

nh
ib

ito
rs

 o
n 

pr
os

ta
te

 c
an

ce
r

St
ud

y
St

ud
y 

ID
/N

CT
 n

um
be

r
St

ud
y 

ar
m

Ph
as

e
In

di
ca

tio
ns

Re
su

lts
Be

er
 e

t a
l. 

[2
1]

CA
18

4-
09

5/
N

CT
01

05
78

10
Ip

ili
m

um
ab

 v
s. 

pl
ac

eb
o

Ph
as

e 
III

Ch
em

ot
he

ra
py

-n
ai

ve
 C

RP
C

Fa
ile

d 
to

 im
pr

ov
e 

O
S,

 b
ut

 b
en

ef
its

 in
 P

FS
 a

nd
 

PS
A 

re
sp

on
se

.
Kw

on
 e

t a
l. 

[2
2]

CA
18

4-
04

3/
N

CT
00

86
16

14
Ip

ili
m

um
ab

 v
s. 

pl
ac

eb
o 

fo
llo

w
in

g 
ra

di
ot

he
ra

py
Ph

as
e 

III
D

oc
et

ax
el

-t
re

at
ed

 C
RP

C
Fa

ile
d 

to
 im

pr
ov

e 
O

S.

To
lle

fs
on

 e
t a

l. 
[2

3]
M

C0
25

3/
N

CT
00

17
01

57
AD

T+
ip

ili
m

um
ab

 v
s. 

AD
T

Ph
as

e 
II

Ad
va

nc
ed

 p
ro

st
at

e 
ca

nc
er

Fa
vo

ra
bl

e 
PS

A 
re

sp
on

se
 in

 co
m

bi
na

tio
n 

th
er

ap
y. 

Fi
na

l r
ep

or
t i

s m
iss

in
g.

Zh
an

g 
et

 a
l. 

[2
4]

N
CI

-2
01

4-
00

31
8/

N
CT

01
80

44
65

Si
pu

le
uc

el
-T

 w
ith

 im
m

ed
ia

te
 v

s. 
w

ith
 d

el
ay

ed
 ip

ili
m

um
ab

Ph
as

e 
II

m
CR

PC
D

ur
ab

le
 re

sp
on

se
 in

 1
2%

 o
f p

at
ie

nt
s r

eg
ar

d-
le

ss
 ti

m
in

g.
Gr

af
f e

t a
l. 

[2
5]

CA
18

4-
05

9/
N

CT
01

49
89

78
Ip

ili
m

um
ab

 IV
 e

ve
ry

 3
 m

on
th

s f
or

 5
 

cy
cl

es
Ph

as
e 

II
m

CR
PC

PS
A 

re
sp

on
se

 in
 3

0%
 o

f p
at

ie
nt

s, 
bu

t t
he

 
st

ud
y 

w
as

 h
al

te
d.

To
pa

lia
n 

et
 a

l. 
[2

6]
CA

20
9-

00
3/

N
CT

00
73

06
39

N
iv

ol
um

ab
 0

.1
 to

 1
0 

m
g/

kg
 e

ve
ry

 2
 

w
ee

ks
 u

p 
to

 1
2 

cy
cl

es
Ph

as
e 

I
CR

PC
N

o 
O

RR
.

Ha
ns

en
 e

t a
l. 

[2
7]

KE
YN

OT
E-

02
8/

N
CT

04
82

59
90

Pe
m

br
ol

iz
um

ab
 1

0 
m

g/
kg

 e
ve

ry
 2

 
w

ee
ks

 u
nt

il 
pr

og
re

ss
io

n
Ph

as
e 

Ib
Ad

va
nc

ed
 p

ro
st

at
e 

ca
nc

er
 e

xp
re

ss
in

g 
PD

-1
 ≥

1%
O

RR
 o

f 1
7.

4%
 w

ith
ou

t C
R.

An
to

na
ra

ki
s e

t a
l. 

[2
8]

KE
YN

OT
E-

19
9/

N
CT

02
78

70
05

Pe
m

br
ol

iz
um

ab
 2

00
 m

g 
ev

er
y 

3 
w

ee
ks

 u
p 

to
 3

5 
cy

cl
es

Ph
as

e 
II

D
oc

et
ax

el
 &

 A
DT

-p
re

tr
ea

te
d 

m
CR

PC
En

co
ur

ag
in

g 
re

su
lts

 in
 b

on
e-

pr
ed

om
in

an
t 

m
CR

PC
 a

nd
 B

RC
A1

/2
 o

r A
TM

 a
be

rr
at

io
ns

.
Ro

ss
 e

t a
l. 

[2
9]

M
K-

34
75

/N
CT

02
48

93
57

Cr
yo

th
er

ap
y+

pe
m

br
ol

iz
um

ab
Pi

lo
t

O
lig

o-
m

et
as

ta
tic

 p
ro

st
at

e 
ca

nc
er

PS
A 

un
de

r 0
.6

 n
g/

m
L 

in
 4

2%
 o

f p
at

ie
nt

s. 
Pr

og
re

ss
io

n-
fre

e 
su

rv
iv

al
 o

f 1
4 

m
on

th
s.

Sw
ee

ne
y 

et
 a

l. 
[3

0]
CO

39
38

5/
N

CT
03

01
63

12
At

ez
ol

iz
um

ab
+e

nz
al

ut
am

id
e 

vs
. 

en
za

lu
ta

m
id

e
Ph

as
e 

III
m

CR
PC

Fa
ile

d 
to

 im
pr

ov
e 

O
S.

Br
ow

n 
et

 a
l. 

[3
1]

Pr
o0

00
80

86
9/

N
CT

03
17

94
10

Av
el

um
ab

 IV
 e

ve
ry

 2
 w

ee
ks

 u
nt

il 
pr

og
re

ss
io

n
Ph

as
e 

II
N

eu
ro

en
do

cr
in

e 
pr

os
ta

te
 c

an
ce

r
D

ism
al

 re
sp

on
se

 b
ut

 C
R 

in
 o

ne
 p

at
ie

nt
.

CR
PC

, c
as

tr
at

io
n-

re
sis

ta
nt

 p
ro

st
at

e 
ca

nc
er

; O
S,

 o
ve

ra
ll 

su
rv

iv
al

; P
FS

, p
ro

gr
es

sio
n 

fre
e 

su
rv

iv
al

; P
SA

, p
ro

st
at

e-
sp

ec
ifi

c 
an

tig
en

; A
DT

, a
nd

ro
ge

n 
de

pr
iv

at
io

n 
th

er
ap

y;
 m

CR
PC

, m
et

as
ta

tic
 C

RP
C;

 O
RR

, o
bj

ec
-

tiv
e 

re
sp

on
siv

e 
ra

te
; P

D
-1

, p
ro

gr
am

m
ed

 d
ea

th
 1

; C
R,

 co
m

pl
et

e 
re

sp
on

se
.



6 www.icurology.org

Jeong and Kwak

https://doi.org/10.4111/icu.20210369

MOLECULAR CHARACTERISTICS OF 
PROSTATE CANCER AND THE TUMOR 
MICROENVIRONMENT

1. Neoantigen and mutational burden of prostate 
cancer
Sufficient activation of adaptive immunity can be pro-

moted by immunogenic cell death or neoantigens expressed 
on tumor cells., which are derived from mutations in tumor 
cells that provide anti-tumor immunity and aid in avoiding 
non-selective autoimmune responses in the TME. Neoanti-
gens are generated coincidentally and engaged in the major 
histocompatibility complex (MHC) to activate cytotoxic T 
cells. The tumor mutation burden is correlated with the ICI 
response, as proven by the durable effects of ICI on high 
mutational loads, including melanoma, NSCLC, SCCHN, 
and bladder cancer, with a response rate of at least 15% [33]. 
However, primary prostate cancer exhibits a paucity of neo-
antigen frequency and tumor mutation burden, which leads 
to insufficient results in ICIs [36]. Microsatellite instability-
high (MSI-H) or mismatch repair deficiency (dMMR) results 
in an extensive DNA mutation burden contributing to tu-
mor immunogenicity, which motivated the expedited U.S. 
Food and Drug Administration (FDA) approval of pembroli-
zumab for metastatic solid tumors accompanying MSI-H or 
dMMR, regardless of tumor origin, in May 2017. Only 2% to 
3% of prostate cancers exhibit MSI-H or dMMR [37]. 

2. PD-1/PD-L1 expression on prostate cancer
PD-1/PD-L1 expression does not assure objective responses 

to anti-PD-1/PD-L1 inhibitors, although they are required for 
treatment effects [38]. Previous studies on PD-1/PD-L1 ex-
pression in prostate cancer have reported conflicting results. 
In several studies, PD-L1 expression was low in primary 
prostate cancer, irrespective of PTEN loss [26,38]. ADT is 
believed to activate adaptive immunity; this was the basis 
of a study reporting that CRPCs treated with enzalutamide 
expressed high levels of PD-L1, which could be associated 
with resistance to ADT by employing immune surveillance 
evasion [39]. However, aggressive ADT in combination with 
abiraterone, prednisone, and leuprolide does not increase the 
PD-L1 levels, resulting in poor responses to anti-PD-1/PD-L1 
inhibitors [39]. These contradictory data indicate that PD-L1 
expression is not necessarily induced by ADT, but depends 
on an unknown mechanism for each specific ADT agent, 
which should be addressed with clear evidence [40].

3. Chronic inflammation of prostate cancer  
microenvironment
Prostate cancer is accompanied by chronic inflamma-

tion related to DNA damage-induced inflammation, which 
can be derived from carcinogenesis accompanied by exag-
gerated DNA damage (Fig. 1) [41]. There are notable reports 
of  chronic inflammation contributing to carcinogenesis 
in other organs, such as the skin, liver, breasts, colon, and 
lungs, through cytokine and reactive oxygen species-driven 
genetic aberrations. Accordingly, a prospective study linking 
PCPT and SELECT cohorts revealed that chronic prostatic 
inflammation is a significant risk factor for prostate carci-
nogenesis [42,43]. Moreover, a previous report demonstrated 
that the severity of chronic inflammation is associated with 
poorer prognosis in the five-year recurrence-free survival 
rate (61% vs. 66.7%) and biochemical recurrence (p=0.03) [44]. 
Concomitant evidence has shown that prolonged inflamma-
tory conditions with increased cytokines, such as PGE2 and 
granulocyte-macrophage colony-stimulating factor (GM-CSF), 
affect tumor progression. PGE2 generated via the COX2-
related pathway increases prostate cancer cell migration 
and proliferation by upregulating the PI3K/AKT/mTOR 
pathway [45]. GM-CSF plays a multifaceted role in TME, 
providing anti-tumorou activity and pro-tumoral progres-
sion, depending on the situation. GM-CSF facilitates massive 
inflammation, induces immune cell deposition and tumor 
antigen presentation, and provokes pro-tumoral activity by 

ROSROS

Normal
epithelial cell
Normal
epithelial cell

Prostate cancerProstate cancer

DNA damage

DNA damage

Prostate cancer
EMT cells
Prostate cancer
EMT cells

MDSCMDSC

TAMTAM

/COX2/COX2 /PGE2/PGE2

PI3K/AKT/mTORPI3K/AKT/mTOR

Migration, proliferationMigration, proliferation

Persistent inflammationPersistent inflammation

DAMPs (DNA, RNA)DAMPs (DNA, RNA)

HMGB1/NF-kB/STAT3HMGB1/NF-kB/STAT3

EMTEMT

ROSROS

Accumulation of geneticAccumulation of genetic

aberrationaberration

Cytokines (CCL2/CCL5)Cytokines (CCL2/CCL5)

TAM, MDSC accumulationTAM, MDSC accumulation

Fig. 1. Inflammatory tumor microenvironment of prostate cancer. 
Chronic inflammation interferes to establish anti-tumor immunity and 
promotes tumor progression as well as carcinogenesis derived from 
genetic aberration. Cytokines produced in inflammatory TME invigo-
rate tumor cells to proliferate and migrate, thus facilitate tumor cell 
invasion, metastasis, and resistance to chemotherapeutics through 
EMT. Inflammatory cytokines attract MDSC and TAM to occupy major 
proportions in TME. TME, tumor microenvironment; EMT, epithelial to 
mesenchymal transition; MDSC, myeloid-derived suppressor cell; TAM, 
tumor-associated macrophage.
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promoting tumor cell proliferation and migration via in-
creased matrix metalloproteinase [46]. It has been assumed 
that cytokines gathering tumor-associated macrophages 
(TAMs) and myeloid-derived suppressor cells (MDSCs) to the 
TME are crucial for the invasiveness and distant metastasis 
of tumors [47]. Chronic inflammation not only aggravates 
prostate cancer progression by modulating the hostile TME, 
but also by EMT. EMT conversion from edged inflammation 
to a constant and firm TME is mediated by transcriptional 
factors, including NF-kB, STAT3, and HMGB1. Notably, 
HMGB1 encodes inflammasomes facilitated by damage-as-
sociated molecular patterns, such as DNA and RNA, which 
lead to chronic and persistent inflammation in the TME. 
Chronic inflammation suppresses anti-tumor immunogenic-
ity by inhibiting immune responses. Inflammatory tumor 
sites contain various immune cells with innate and adap-
tive immunity, which largely affect the treatment results of 
immunotherapies [48]. In the following sections, we discuss 
each component of the inflammatory TME of prostate can-
cer, along with molecular characteristics and strategies for 
breakthrough.

TUMOR-ASSOCIATED MACROPHAGES 
IN PROSTATE CANCER

Chronic inflammation results in the transcriptional 
activation of cytokines and chemokines, triggering TAMs. 
TAMs are abundant in prostate cancer microenvironments 
consisting of 70% of immune populations with other myeloid 
lineage cells, which play a critical role in tumor progression 
by inducing tumor cell proliferation, angiogenesis, immuno-
modulation, and metastasis (Fig. 2) [49]. CCL2, the monocyte 
chemoattractant protein1, is predominantly secreted by pros-
tate cancer cells, such as the PC3 and LnCaP cell lines, at-
tracting macrophages to the TME and activating the PI3K/
AKT signaling pathway for the proliferation of prostate 
cancer cells [50]. 

During the early phase of tumorigenesis, inflammatory 
TAMs defeat tumors; however, they are subdued by TH2 
T cells to support tumorigenesis. The macrophages with 
contradictory properties are classified as M1 (anti-tumoral, 
inflammatory) or M2 (pro-tumoral, immunosuppressive) 
polarized macrophages [51]; M1 macrophages are associated 
with favorable recurrence-free survival in prostate cancer 
(hazard ratio=3.26) [52]. The TAMs employed by prostate 
cancers hamper anti-tumor-immunity [53]. TAMs recipro-
cally communicate with cancer stem-like cells through the 
CCL5-β-catenin/STAT3 signaling axis, which differentiate 
into clusters composed of highly heterogenic subpopulations 

with self-renewal properties associated with drug resistance, 
and evolve into CRPCs [54-56]. However, ADT promotes re-
ciprocal interaction between TAMs and prostate cancer cells, 
which then release a CSF1 to invite TAMs and provoke the 
emergence of  prostate cancer macrophage-targeted treat-
ment [46]. The prognosis of PTEN-deficient prostate cancer is 
worse, with more aggressive features and resistance to ADT 
and radiotherapy, which is partly associated with enhanced 
M2 TAM infiltration [57].

Furthermore, TAMs contribute to the sequential metas-
tasis process of intravasation, circulation through vessels, 
extravasation, and adaptation in a hostile environment. Ad-
ditionally, TAM clusters construct a pre-metastatic niche 
to mediate cancer cells to readily settle in hostile distant 
microenvironments [58,59]. Bone metastasis is a common 
and devastating feature of advanced prostate cancer, which 
is promoted by the release of inflammatory cytokines and 
chemokines, such as IL-6 and CXCL5, from M2 macrophages 
[49,60]. Accordingly, macrophage-targeting strategies that 
inhibit TAM recruitment or M2 polarization are undergoing 
clinical trials. However, concordant therapy against TAM 
recruitment by CCL2-CCR2 signaling, anti-CCL2 monoclonal 
antibodies, and carlumab (CNTO888) failed to provide effi-
cacy in CRPCs as a monotherapy in phase-2 clinical trial [61]. 

ChemoattractantChemoattractant

((CCCCLL22//CCCCLL55))

M2M2 polarizationpolarization

Tumor cell proliferationTumor cell proliferation

AngiogenesisAngiogenesis

ImmunosuppressionImmunosuppression

Promote metastasisPromote metastasis

Construct pre-metastatic nicheConstruct pre-metastatic niche

Recruiting MDSCRecruiting MDSC

(GM-CSF, VEGFA,(GM-CSF, VEGFA,

M-CSF, CXCL6)M-CSF, CXCL6)

Activate MDSCsActivate MDSCs
(JAK/STAT, IFNg, IL4, IL6)(JAK/STAT, IFNg, IL4, IL6)

Interfere APC, cytotoxic T cellInterfere APC, cytotoxic T cell

Immune evasionImmune evasion

Refractory to ADTRefractory to ADT

TAMTAM

MDSCMDSC

Fig. 2. TAM and MDSC shape the immunosuppressive milieu in pros-
tate cancer. Tumor cell released cytokines attract TAM and MDSC to 
be rich in tumor microenvironment. TAM and MDSC reciprocally com-
municate with tumor cells to construct tumor-favorable immunosup-
pressive milieu. TAM, tumor-associated macrophage; MDSC, myeloid-
derived suppressor cell; APC, antigen presenting cell; ADT, androgen 
deprivation therapy.
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MYELOID-DERIVED SUPPRESSOR 
CELLS RESTRICT THE ANTI-TUMOR  
EFFECT OF IMMUNE CHECKPOINT  
INHIBITORS

Prostate cancer employs MDSCs to suppress cytotoxic T 
cells and lead them to exhaustion, which are the main con-
stituent of the TME in prostate cancers, with their higher 
expressions approximately 40 times compared with those in 
the normal prostate. MDSCs suppress immune activation 
against tumor cells by disrupting the activation of antigen-
presenting and cytotoxic T cells, which alleviates the anti-tu-
mor effect of ICIs [62]. MDSCs predominantly drive immune 
evasion by suppressing CD8+ T cell infiltration and imped-
ing anti-tumor effects. Although the mechanism by which 
MDSCs accumulate in prostate cancer is unclear, the YAP1-
CXCL5-CXCR2 signaling axis has been shown to promote 
MDSC accumulation in a murine prostate cancer model [63]. 
MDSCs may be derived from myeloid progenitors traveling 
from the bone marrow to tumors after expansion by stem 
cell factors, GM-CSF, VEGFA, and M-CSF from tumor cells. 
Tumor-secreted chemokines, such as JAK/STAT signaling, 
IFNγ, IL4, and IL6, are responsible for the immunosuppres-
sive activity of MDSCs. In a clinical trial, CXCL6, the homo-
log of CXCL5 in humans, was associated with high Gleason 
scores and poor prognosis, which was partly due to MDSC 
recruitment. Furthermore, the MDSC component in TME 
correlates with the prostate-specific antigen (PSA) level and 
PTEN deficiency with worse progression, contributing to re-
fractoriness to anti-androgen therapy via the secretion of IL-
23 to enhance AR signaling and facilitate the survival and 
proliferation of CRPCs [64,65]. There are various treatment 
strategies targeting MDSCs with representative methods, 
including MDSC depletion, MDSC recruitment, MDSC activ-
ity suppression, and encouraging MDSC differentiation [66]. 
Additionally, cancer-associated fibroblasts (CAFs) mediate 
MDSC infiltration by suppressing CSF-1 [67]. Targeting the 
MDSCs in CRPC enhanced the anti-tumor effects of ICIs in 
preclinical experiments [68]. Accordingly, strategic targeting 
of MDSCs in combination with ICIs should be considered to 
reinvigorate innate and adaptive immune responses [68]. 

CANCER-ASSOCIATED FIBROBLAST IN 
PROSTATE CANCER

CAFs are substantial stromal cells that regulate the 
TME and originate from various sources, including resident 
fibroblasts and circulating bone marrow-derived cells. CAFs 
are constantly activated, promoting chronic inflammation, 

which leads to carcinogenesis and progression (Fig. 3). Co-
operation of tumor cells and CAFs mediates tumor growth 
via the secretion of TGFβ, VEGFA, and CXCL12, and CAF-
derived CXCL12 and CXCL14 subsequently lead to immu-
nosuppression by inverting M2 macrophage polarization 
concomitantly underpinned by Th2 T cells and MDSCs [69]. 
Specifically, CAF suppresses CD8+ T cells to evade immune 
surveillance by promoting CTLA-4 overexpression-induced 
exhaustion through various pathways. Notably, prostate 
cancers have abundant CAFs, leading to modest responses 
to ICIs [70]. CAF induces metabolic acidosis by secreting lac-
tic acid, which induces FoxP3-positive Treg cells that subside 
CD4+ T cells into Th2 cells, enhancing anti-tumor responses 
[71]. CXCL12 produced by CAFs facilitates the EMT and 
angiogenesis, promoting tumor migration and distant me-
tastasis [72]. CAFs not only debilitate ICIs, but also increase 
chemo-resistance by alleviating reactive oxygen species, drug 
accumulation [73], and TGFβ-mediated GREM2 inhibition 
[74]. 

PROSTATE CANCER INFILTRATING CD8+ 
T CELLS

The tumor immune status can be categorized into four 
groups depending on the abundance or activity of tumor-
infiltrating T cells: hot, altered-excluded, altered-immuno-
suppressed, and cold [75]. Hot and altered-excluded tumors 
exhibit relatively abundant T cell infiltration; however, the 
T cells are segregated to peripheral areas in altered-excluded 

TumorTumor ggrroowwtthh

(TGF , VEGFA, CXCL12)�(TGF , VEGFA, CXCL12)�
ImmunosuppressionImmunosuppression

(CXCL12, CXCL14)(CXCL12, CXCL14)

Promote EMT, angiogenesisPromote EMT, angiogenesis

Facilitate metastasisFacilitate metastasis

CAFCAF

RecruitRecruit TTregreg

T cell exhaustionT cell exhaustion

(CTLA4 overexpression)(CTLA4 overexpression)

CD8CD8 TT++

Fig. 3. CAFs hamper CD8+ T cells. CAF abundantly reside in prostate 
cancer to mediate carcinogenesis and tumor progression. CAFs are 
constantly activated and interact with immune cells including MDSC, 
TAM, and T cells. CAFs suppress execution of CD8+ T cell through re-
cruiting regulatory T cells and inducing T cell exhaustions. CAF, cancer-
associated fibroblast; MDSC, myeloid-derived suppressor cell; TAM, 
tumor-associated macrophage; EMT, epithelial to mesenchymal transi-
tion.



9Investig Clin Urol 2022;63:3-13. www.icurology.org

Review on immunotherapy for prostate cancer

tumors. The paucity of T cells refers to altered immunosup-
pression, and the classification of cold tumors depends on the 
degree of altered immunosuppression. Chronic inflamma-
tion frequently occurs in prostate cancer; however, this does 
not necessarily suggest that prostate cancer is a ‘hot’ tumor. 
Chronic inflammatory regions in prostate cancer are mainly 
confined to benign areas adjacent to tumors, and only a few 
immune cells can be observed in the tumor area, causing 
prostate cancer to manifest as a ‘cold’ tumor [76]. The poor 
results of immune-checkpoint inhibitors in prostate cancer 
are partly due to the scarce CD8+ T cells. The steps involved 
in cytotoxic T cell generation against tumor cells should 
be considered. Tumor-associated antigens (TAAs) released 
from dying tumor cells are captured and presented on MHC 
molecules by antigen-presenting cells to prime and activate 
cytotoxic T cells in the lymphoid organs. Activated T cells 
travel through blood streams to settle and infiltrate tumors 
presenting TAAs [10]. Sipuleucel-T is the first dendritic cell 
(DC) cancer vaccine approved by the FDA for mCRPCs. 
Autologous DCs derived from patients are supported by a 
prostate cancer antigen, prostatic acid phosphatase, with 
encouraging support of the GM-CSF [77]. Recombinant DCs 
promote cytotoxic T cells to cultivate “cold” TME. Consistent 
with the trials overcoming cytotoxic T cell anergy, a phase-1b 
clinical trial has been launched (NCT03024216) to compare 
combined sipuleucel-T atezolizumab (anti-PD-L1) therapy 
in time sequences. Although there has been no complete 
response, manageable adverse effects with partial responses 
were noted [78].

PERSPECTIVE ON CAR-T THERAPY FOR 
PROSTATE CANCER

The long journey of chimeric antigen receptor T cells 
(CAR-T cells), 30 years from conception to the FDA approval 
of CD19 targeting CAR-T, tisagenlecleucel, for the curative 
therapy of B-cell acute lymphoblastic leukemia and diffuse 
large B-cell lymphoma, has motivated the upcoming CAR-
T cell therapies targeting solid tumors [79]. DNA vaccines 
or CAR-T cell treatments are expected to enhance the anti-
tumor effects of  immunotherapy and are promising [71]. 
CAR-T cells are MHC-independent due to the antigen-
binding domain recognizing the target cell antigen, provok-
ing a downstream intracellular domain in conjunction with 
a costimulatory molecule. Prostate cancer is an appealing 
candidate for CAR-T therapy due to its targetable antigens, 
such as prostate-specific membrane antigen (PSMA), which 
is amenable to the tumor antigen-binding domain [80]. Gene 
therapy inducing antigenic proteins, such as PSA or PSMA, 

has been adopted to enhance tumor-infiltrating CD8+ T cells, 
in conjunction with IL-12 coding genes to attract and stimu-
late T cell activity [81]. PSMA is a membrane protein overex-
pressed as high as 100 to 1,000 times on prostate cancer cells 
compared with normal prostate cells, and increases in meta-
static cancer cells or CRPCs [82]. Furthermore, the prostate 
is not a vital organ that should be preserved against cancer 
cells. Considering the lack of tumor-infiltrating T cells to 
halt the effect of ICIs on prostate cancer, the combination of 
ICI and CAR-T is encouraging.

CONCLUSIONS

Immunotherapy has revolutionized the paradigm of can-
cer treatment and provided the opportunities to cure meta-
static diseases. However, prostate cancer has been excluded 
from the trend due to the disappointing results of clinical 
trials. The molecular characteristics of prostate cancer have 
been determined to elucidate the factors hindering the posi-
tive effects of ICIs. Considering the cancer immunotherapy 
mechanism, every step faces hardships, including antigen 
retrieval, antigen presentation and T cell priming, immune 
cell homing, reinvigorating T cells, recognizing cancer cells, 
and executing cytotoxic activity. In this review, we examine 
prostate cancer and its microenvironment considering the 
molecular characteristics and clinical relevance of cancer 
immunotherapy. To achieve optimal results from immu-
notherapy, precise modulations are required to harness 
improved anti-tumor immunity, not only in prostate cancer 
cells, but also in hostile microenvironments.
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