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Abstract
Immunotherapy is rapidly transforming cancer care across a range of tumor types. Although Sipuleucel-T represented the first
successful vaccine for the treatment of established cancer, other immunotherapeutic approaches for prostate cancer such as
checkpoint inhibitors have been relatively disappointing to date. However, significant promise is on the horizon as there is a
wide array trials evaluating immunotherapy in prostate cancer patients. These include both immune checkpoint inhibitors and
antigen-specific approaches including vaccines, antibody-drug conjugates, and antitumor antibodies. Furthermore, a better
understanding of the key mechanisms that promote the immunosuppressive microenvironment of prostate cancer is emerging.
These insights may eventually make it possible to determine which patients will benefit from immunotherapy. This review will
discuss the successes and failures of immunotherapy in prostate cancer. We will also present key lessons learned from completed
trials and highlight important ongoing studies.
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Introduction

Prostate cancer is the most commonly diagnosed and the third
deadliest cancer in men, with over 160,000 diagnoses and
26,000 deaths in 2017 [1]. Patients with localized disease
are typically treated surgically or with radiation therapy (RT)

[2]. However, 20–40% of patients undergoing a radical pros-
tatectomy and 30–50% of patients receiving RT will have
recurrence of disease [3]. Standard therapy for metastatic dis-
ease generally involves androgen ablation, either by bilateral
orchiectomy or by chemical castration (LHR agonists/antag-
onists) [4]. Although androgen ablation is highly effective, it
is associated with significant side effects and patients eventu-
ally develop castration-resistant prostate cancer (CRPC) [5].
Metastatic CRPC (mCRPC) currently has no curative treat-
ment option and is associated with a poor prognosis. This
challenging outlook for mCRPC patients has driven efforts
to develop more effective therapy.

In recent years, the development of immune checkpoint
blockade, tumor-targeted antibodies, and cancer vaccines has
had a major impact on the treatment of solid tumors, sparking
enthusiasm that some of these may be effective in prostate
cancer. In 2010, Sipuleucel-T, a personalized cancer vaccine
that targets prostatic acid phosphatase (PAP), became the first
FDA-approved immunotherapy for mCRPC [6]. The success
of Sipuleucel-T spurred a multitude of clinical trials of various
vaccines targeting other prostate-associated antigens such as
prostate-specific membrane antigen (PSMA) and prostate-
specific antigen (PSA). The major immunotherapy approach
currently in the clinic involves immune checkpoint inhibitors
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which have been approved for the treatment of a range of solid
tumor malignancies [7]. Disappointingly, immune checkpoint
inhibitors have not been as successful in patients withmCRPC
(Table 1) [8, 9, 10••]. The only approved checkpoint inhibitor
for treatment of mCRPC is pembrolizumab, which can be
used in patients with tumors demonstrating microsatellite in-
stability (MSI) [10••, 11]. Unfortunately, such patients are
rare, comprising less than 5% of the total population of men
with CPRC. A number of promising approaches utilizing nov-
el vaccines, antibody-drug conjugates, bi-specific antibodies,
and adoptive cellular therapy are currently in development to
overcome the immunosuppressive prostate tumor microenvi-
ronment and improve outcomes for prostate cancer patients
(Table 2). This review will explore the successes and failures
of immunotherapy trials and highlight promising areas that
could lead to more effective treatments for advanced prostate
cancer.

Immune Checkpoint Blockade

One of the most exciting innovations in immunotherapy in the
last several years has been the development of immune check-
point inhibitors, which target inhibitory ligands on immune
cells, promoting antitumor immunity (Fig. 1). Anti-cytotoxic
T lymphocyte-associated protein 4 (CTLA-4) (ipilimumab)
was the first successful immune checkpoint inhibitor, receiv-
ing FDA approval for the treatment of metastatic melanoma in
2011 [8]. Based on the success of ipilimumab in other dis-
eases, there was initial excitement for this therapy in prostate
cancer. A phase 1/2 trial evaluated ipilimumab as a monother-
apy or in combination with RT [12]. A few patients at all dose
levels of both arms showed antitumor activity in the form of
PSA declines. There were 8 patients with PSA declines > 50%
in the highest dose level of the combination arm (10 mg/kg) as
well as a rare but exciting complete response (CR) that lasted
over 11 months [12]. A phase 1 dose escalation trial, evaluat-
ing ipilimumab in combination with the granulocyte-
macrophage colony-stimulating factor-transduced cell-based
allogeneic prostate cancer vaccine (GVAX), also showed en-
couraging antitumor activity, with PSA declines > 50% in
25% of patients and was well tolerated [13]. This early clinical
evidence of antitumor activity prompted further exploration of
ipilimumab in phase 3 trials. In the first phase 3 trial, patients
who had progressed after docetaxel chemotherapy were ran-
domized to ipilimumab or placebo after receiving palliative
radiation therapy to at least one metastatic site. Although
progression-free survival was significantly longer in the
ipilimumab group, the study showed narrowly missed its pri-
mary endpoint of overall survival (HR 0.85, P = .053) [14••].
An exploratory subgroup analyses showed that ipilimumab
may be most active in patients with favorable prognostic fea-
tures—specifically patients with normal alkaline phosphatase,

normal hemoglobin, and no visceral metastases. These pa-
tients showed an increased overall survival with ipilimumab
[14••]. In a second trial, ipilimumab monotherapy was com-
pared to placebo in chemotherapy-naïve mCRPC patients.
Disappointingly, that trial also failed to meet its OS endpoint.
Interestingly, patients on the treatment arm experienced longer
median progression-free survival compared to those on the
placebo arm (5.6 months to 3.8 months) and were more likely
to experience a PSA decline [15•].

A few small patient cohorts evaluated PD-1 blockade in
men with metastatic prostate cancer. In the phase 1b trial of
nivolumab, there were no objective responses seen in the 17
CRPC patients enrolled [9]. The two prostate tumor sam-
ples that were collected both tested negative for PD-L1
expression. Other studies also observed the paucity of PD-
L1 expression on prostate tumors, highlighting another
challenge in treating the disease [16]. By contrast, prelimi-
nary results of the mCRPC cohort of the KEYNOTE-028
study of pembrolizumab showed that 13% of patients with
measurable disease had a partial response and 39% had
stable disease [17]. In contrast to the phase I nivolumab
trial, this study only included patients with PD-L1 expres-
sion in ≥ 1% of tumor or stroma cells. As is the case for
many tumor types, it remains unclear if PD-L1 expression
can predict response to checkpoint blockade in prostate
cancer.

Whether particular subsets of prostate cancer patients
might respond to immunotherapy remains unclear. In general,
prostate tumors express relatively low levels of PD-L1 [16].
Interestingly, resistance to enzalutamide, an antiandrogen
commonly used in the treatment of mCRPC, is associated
with increased PD-L1 expression [18]. In a phase 2 trial in
which the anti-PD-1 antibody pembrolizumab was added to
enzalutamide in patients progressing on the enzalutamide,
three of the first 10 patients treated experienced a rapid PSA
drop to ≤ 0.2 ng/mL. Two of the patients who had a biochem-
ical response had measurable disease upon study entry, and
both of them experienced a partial response [19•]. One of the
partial responders tested positive for microsatellite instability
(MSI), which corroborates the results of earlier studies of MSI
as a predictive biomarker of response to PD-1 blockade [20].
As mentioned above, although only 1 patient in the MSI-H
basket trial of the anti-PD-1 agent pembrolizumab had pros-
tate cancer, this drug is now approved across tumor types for
patients with MSI-H tumors.

There are several prostate cancer trials underway using
anti-PD-1 antibodies in combination with other agents
(Table 2). The combination of CTLA-4 and PD-1 inhibition
has demonstrated synergistic effects in preclinical prostate
cancer models as well as impressive results in melanoma pa-
tients [21]. The first application of this combination treatment
in prostate cancer was studied in patients with ARV7+
mCRPC. Early results showed that the combination therapy

75 Page 2 of 10 Curr Oncol Rep (2018) 20: 75



Ta
bl
e
1

C
om

pl
et
ed

cl
in
ic
al
tr
ia
ls
of

im
m
un
ot
he
ra
py

ag
en
ts
in

pr
os
ta
te
ca
nc
er

Se
le
ct
ed

co
m
pl
et
ed

cl
in
ic
al
tr
ia
ls
of

im
m
un
ot
he
ra
py

in
pr
os
ta
te
ca
nc
er

C
om

pl
et
ed

tr
ia
ls

A
ge
nt

P
ha
se

E
lig

ib
ili
ty

E
nr
ol
lm

en
t

O
ut
co
m
e

T
ri
al
id
en
tif
ic
at
io
n

C
om

bi
na
tio

n
Im

m
un
ot
he
ra
py

Ip
ili
m
um

ab
+
G
V
A
X

I
m
C
R
PC

28
E
ar
ly

te
rm

in
at
io
n

N
C
T
01
51
02
88

Im
m
un
e
ch
ec
kp
oi
nt

in
hi
bi
to
rs

Ip
ili
m
um

ab
II
I

C
he
m
ot
he
ra
py
-n
aï
ve

m
C
R
PC

83
7

Fa
ile
d
to

im
pr
ov
e
ov
er
al
ls
ur
vi
va
l

N
C
T
01
05
78
10

Ip
ili
m
um

ab
II
I

m
C
R
PC

pa
tie
nt
s
po
st
ra
di
at
io
n
th
er
ap
y

99
8

Fa
ile
d
to

im
pr
ov
e
ov
er
al
ls
ur
vi
va
l

N
C
T
00
86
16
14

N
iv
ol
um

ab
Ib

A
dv
an
ce
d
m
el
an
om

a,
N
S
C
L
C
,

C
R
PC

,R
C
C
,o
r
C
R
C

17
pa
tie
nt
s
w
ith

C
R
PC

N
o
ob
je
ct
iv
e
re
sp
on
se
s
ob
se
rv
ed

N
C
T
00
73
06
39

V
ac
ci
ne
s

Si
pu
le
uc
el
-T

II
I

m
C
R
PC

51
2

FD
A
ap
pr
ov
al
fo
r
tr
ea
tm

en
to

f
m
C
R
PC

N
C
T
00
06
54
42

Si
pu
le
uc
el
-T

+
A
D
T

II
N
on
-m

et
as
ta
tic

pr
os
ta
te
ca
nc
er

68
Se
qu
en
ce

of
th
er
ap
y
af
fe
ct
s
im

m
un
e
re
sp
on
se

N
C
T
01
43
13
91

PR
O
ST

V
A
C
-V

/F
±
G
M
-C
S
F

II
I

m
C
R
PC

12
98

Fa
ile
d
to

im
pr
ov
e
O
S

N
C
T
01
32
24
90

G
V
A
X
+
do
ce
ta
xe
lv

er
su
s
do
ce
ta
xe
l+

pr
ed
ni
so
ne

II
I

m
C
R
PC

40
8

E
ar
ly

te
rm

in
at
io
n

N
C
T
00
13
32
24

G
V
A
X
ve
rs
us

do
ce
ta
xe
l+

pr
ed
ni
so
ne

II
I

m
C
R
PC

62
6

E
ar
ly

te
rm

in
at
io
n

N
C
T
00
08
98
56

A
nt
itu

m
or

an
tib

od
y

J5
91

+
IL
-2

II
M
et
as
ta
tic

or
re
cu
rr
en
tp

ro
st
at
e
ca
nc
er

23
M
ild

PS
A
re
sp
on
se

ob
se
rv
ed

N
C
T
00
04
05
86

17
7L

u-
J5
91

I
m
C
R
PC

47
E
ff
ec
tiv

e
at
ta
rg
et
in
g,
66
%

SD
,8
%

P
R

N
C
T
00
19
50
39

PS
M
A
A
D
C

II
m
C
R
PC

11
9

61
%

SD
,1
3%

PR
N
C
T
01
69
50
44

m
C
R
P
C
m
et
as
ta
tic

ca
st
ra
tio

n-
re
si
st
an
tp
ro
st
at
e
ca
nc
er
,N

SC
LC

no
n-
sm

al
lc
el
ll
un
g
ca
nc
er
,C

R
P
C
ca
st
ra
tio

n-
re
si
st
an
tp
ro
st
at
e
ca
nc
er
,C

SP
C
ca
st
ra
tio

n-
se
ns
iti
ve

pr
os
ta
te
ca
nc
er
,R

C
C
re
na
lc
el
lc
ar
ci
no
m
a,

C
R
C
co
lo
re
ct
al
ca
nc
er
,A

D
T
an
dr
og
en

de
pr
iv
at
io
n
th
er
ap
y,
P
SA

pr
os
ta
te
-s
pe
ci
fi
c
an
tig

en
,S
D
st
ab
le
di
se
as
e,
P
R
pa
rt
ia
lr
es
po
ns
e,
F
D
A
U
.S
.F

oo
d
an
d
D
ru
g
A
dm

in
is
tr
at
io
n

Curr Oncol Rep (2018) 20: 75 Page 3 of 10 75



Ta
bl
e
2

O
ng
oi
ng

cl
in
ic
al
tr
ia
ls
of

im
m
un
ot
he
ra
py

ag
en
ts
in

pr
os
ta
te
ca
nc
er

Se
le
ct
ed

on
go
in
g
cl
in
ic
al
tr
ia
ls
of

im
m
un
ot
he
ra
py

in
pr
os
ta
te
ca
nc
er

O
ng
oi
ng

tr
ia
ls

A
ge
nt

P
ha
se

E
lig

ib
ili
ty

E
st
im

at
ed

en
ro
llm

en
t

Pr
im

ar
y
en
dp
oi
nt
s

T
ri
al

id
en
tif
ic
at
io
n

C
om

bi
na
tio

n
Im

m
un
ot
he
ra
py

N
iv
ol
um

ab
+
ip
ili
m
um

ab
II

m
C
R
PC

ex
pr
es
si
ng

A
R
-V

7
15

PS
A
re
sp
on
se

N
C
T
02
60
10
14

PR
O
ST

V
A
C
-V

/F
±
ni
vo
lu
m
ab

I/
II

m
C
R
PC

(c
oh
or
t1

)
L
oc
al
iz
ed

pr
e-
tr
ea
tm

en
tp

ro
st
at
e

ca
nc
er

(c
oh
or
t2

)

29
S
af
et
y
an
d
T
ce
ll
in
fi
ltr
at
io
n
in

th
e
tu
m
or

(b
as
el
in
e
to

10
w
ee
ks
)

N
C
T
02
93
32
55

N
eo
ad
ju
va
nt

PR
O
ST

V
A
C
-V

/F
an
d
ip
ili
m
um

ab
as

m
on
ot
he
ra
py

or
in

co
m
bi
na
tio

n
II

L
oc
al
iz
ed

pr
e-
tr
ea
tm

en
tp

ro
st
at
e

ca
nc
er

75
C
D
3+

T
ce
ll
im

m
un
e
re
sp
on
se

N
C
T
02
50
61
14

A
D
X
S3

1-
14
2
(L
is
te
ri
a
m
on
oc
yt
og
en
es
-L
L
O
-P
SA

va
cc
in
e)

±
pe
m
br
ol
iz
um

ab
I/
II

m
C
R
PC

51
A
dv
er
se

ev
en
ts

N
C
T
02
32
55
57

Im
m
un
e
ch
ec
kp
oi
nt

in
hi
bi
to
rs

Pe
m
br
ol
iz
um

ab
+
cr
yo
su
rg
er
y
+
de
ga
re
lix

Pi
lo
tp

ha
se

II
O
lig

o-
m
et
as
ta
tic

pr
os
ta
te
ca
nc
er

12
Pr
op
or
tio

n
of

m
en

w
ith

PS
A
<
0.
6
ng
/m

L
N
C
T
02
48
93
57

Pe
m
br
ol
iz
um

ab
+
en
za
lu
ta
m
id
e

II
m
C
R
PC

po
st
-e
nz
al
ut
am

id
e

58
PS

A
re
sp
on
se

ra
te

N
C
T
02
31
25
57

V
ac
ci
ne
s

PR
O
ST

V
A
C
-V

/F
+
do
ce
ta
xe
lv

er
su
s
do
ce
ta
xe
l

II
m
C
SP

C
74

In
du
ct
io
n
of

gr
ea
te
r
an
tig

en
sp
re
ad

N
C
T
02
64
98
55

E
nz
al
ut
am

id
e
±
P
R
O
ST

V
A
C
-V

/F
II

m
C
R
PC

57
In
cr
ea
se

in
tim

e
to

pr
og
re
ss
io
n

N
C
T
01
86
73
33

JN
J-
64
04
18
09

(L
A
D
D
-L
L
O
va
cc
in
e)

I
m
C
R
PC

26
A
dv
er
se

ev
en
ts
,D

LT
s,
an
d
T
ce
ll
re
sp
on
se

N
C
T
02
62
58
57

A
nt
itu

m
or

an
tib

od
y

B
A
Y
20
10
11
2
(B
iT
E
)

I
m
C
R
PC

45
S
af
et
y
an
d
M
T
D

N
C
T
01
72
34
75

M
G
D
00
9
(D

A
R
T
)

I
B
7-
H
3
ex
pr
es
si
ng

tu
m
or
s

11
4
A
dv
er
se

ev
en
ts

N
C
T
02
62
85
35

A
do
pt
iv
e
ce
llu

la
r
th
er
ap
y

PS
M
A
C
A
R
T
ce
lls

I
m
C
R
PC

13
S
af
et
y

N
C
T
01
14
03
73

m
C
R
P
C
m
et
as
ta
tic

ca
st
ra
tio

n-
re
si
st
an
tp
ro
st
at
e
ca
nc
er
,m

C
SP

C
m
et
as
ta
tic

ca
st
ra
tio

n-
se
ns
iti
ve

pr
os
ta
te
ca
nc
er
,P

SA
pr
os
ta
te
-s
pe
ci
fi
c
an
tig

en
,A

R
-V
7
an
dr
og
en

re
ce
pt
or

sp
lic
e
va
ri
an
t7
,D

LT
do
se
-l
im

iti
ng

to
xi
ci
ty
,M

TD
m
ax
im

um
to
le
ra
te
d
do
se

75 Page 4 of 10 Curr Oncol Rep (2018) 20: 75



was well tolerated with 1 of 6 patients treated experiencing a
PSA decline > 50% [22] (NCT02601014), and with patients
with DNA repair deficient tumors being enriched among those
responding to therapy. Administration of radiation has been
shown to induce a pro-inflammatory microenvironment in
prostate tumors, increasing the likelihood of a response to
checkpoint blockade [23]. Although RT has been known to
enhance antitumor immunity, it should be noted that recent
mouse models have demonstrated that RT also increased
tumor-infiltrating Tregs, which can have an immunosuppres-
sive affect [24]. A pilot study treating patients with oligo-
metastat ic prostate cancer with cryosurgery and
pembrolizumab has completed enrollment but results have
not been reported (NCT02489357).

Antitumor Antibodies

Another emerging immunotherapy approach utilizes
engineered antibodies to target specific antigens that are high-
ly expressed on tumor cells, thereby inducing antibody-
dependent cellular cytotoxicity (ADCC) [25]. The best-
studied antitumor antibody in prostate cancer is J591, a mono-
clonal antibody that targets prostate-specific membrane anti-
gen (PSMA). PSMA is commonly expressed in malignant
prostate epithelial cells and vascular endothelial cells, making
it a reasonable target [26]. J591 has been conjugated with
various radioisotopes to facilitate directed killing of prostate
tumor cells (Fig. 1) [25]. Early trials of J591 demonstrated
good trafficking of the antibody to prostate cancer metastases

Fig. 1 Immunotherapy approaches in prostate cancer. (a) Sipuleucel-T
involves leukapheresis of immune cells followed by incubation with
specific fusion protein (PA2024), which consists of prostatic acid
phosphatase (PAP) coupled with granulocyte-macrophage colony-
stimulating factor (GM-CSF). Cells are then re-infused allowing for
APC maturation and activation of CD4+ and CD8+ T cells to recognize
and kill PAP presenting tumor cells. (b) Bi-specific antibodies are
engineered antibodies that contain two binding sites, one for CD3
receptors found on T cells and another for an antigen found on tumor
cells. Several different constructs including bi-specific T cell engagers
(BiTEs) and dual-affinity retargeting antibodies (DARTs) are in clinical
development. (c) J591 is a humanized monoclonal antibody specific for
prostate-specific membrane antigen (PSMA). The antibody can be

labeled with lutetium-177, an isotope ideal for radiation therapy. The
radioactive antibody targets PSMA presenting tumor cells and kills
them upon radiation. (d) Chimeric antigen T cell receptors (CAR T) are
receptors engineered to target antigens via an antibody-derived single-
chain variable fragment, allowing the T cell to function independent of
the major histocompatibility complex. Pictured is a second-generation
CAR, which contains a costimulatory domain and CD3ζ signaling
domain. (e) Checkpoint inhibitors are monoclonal antibodies which
target immune checkpoints including programmed cell death 1 (PD-1)
and cytotoxic T lymphocyte antigen 4 (CTLA-4) and prevent binding to
PD-L1 and CD80 or CD86, respectively, which are expressed on tumor
and other immune cells. This leads to an enhanced antitumor T cell
response

Curr Oncol Rep (2018) 20: 75 Page 5 of 10 75



in bone and soft tissue [27]. A phase 2 trial of J591 in combi-
nation with low-dose interleukin-2 (IL-2) was well tolerated.
While 9 of 16 patients had a stable PSA (− 50% < change in
PSA < 25%), no patients had a PSA decline of > 50% [28]. A
phase 2 trial of J591 radiolabeled with lutetium-177 (177Lu-
J591) showed more encouraging results, with 59.6% of pa-
tients experiencing a PSA decline after treatment. One of 12
patients with measurable disease had a partial response and 8
had stable disease [29].

Another strategy for antibody-directed T cell killing is the
use of bi-specific antibodies in which the two arms of an IgG
molecule are specific for different targets [30]. Many of these
agents target the CD3 molecule expressed on T cells in con-
junction with a second tumor-associated target in an effort to
direct trafficking of T cells to tumors. A variety of different
constructs are in clinical development including bi-specific T
cell engagers (BiTEs) and dual-affinity retargeting antibodies
(DARTs). BiTEs utilize two single-chain variable fragments
(scFv), one specific for a tumor-associated antigen and the
other specific for T cells (CD3), which enable its bi-
specificity (Fig. 1) [30]. Studies have also shown that BiTEs
can induce cytotoxic T cell activation without the
costimulation of other pathways [31]. Blinatumumab, which
targets CD3 and CD20, is the most extensively studied BiTE
and has demonstrated a longer overall survival than standard
of care chemotherapy in patients with relapsed of refractory B
cell precursor acute lymphoblastic leukemia [32]. The only
BiTE to be tested in prostate cancer is BAY2010112, which
is specific for the CD3 receptor on T cells and PSMA.
Promising preclinical studies of BAY2010112 in prostate can-
cer mouse models were characterized by rapid reductions in
tumor size and complete remissions [33]. Daily administration
of BAY2010112 was evaluated in a phase 1 trial, although
results have yet to be made available (NCT01723475).
Similar to BiTEs, dual-affinity retargeting molecules
(DARTs) use bi-specificity to traffic T cells to tumor cells
and facilitate immune-mediated tumor cell lysis. Like
BITEs, DARTs have two antigen-binding sites, one that binds
the CD3 complex commonly expressed on Tcells and another
that binds a target antigen. For prostate cancer, a DART
targeting B7-H3 (CD276) is in development [34]. Zang et al.
analyzed the expression of B7-H3 in over 800 prostate cancer
patients who had undergone a radical prostatectomy over
the course of 7 years. They found B7-H3 had aberrant ex-
pression in 93% of tumors, with a strong intensity found in
26%. Strong intensity was associated with several poor
prognostic factors including greater likelihood of disease
spread at time of surgery, higher chance of recurrence after
surgery, and higher chance of cancer related death com-
pared to none and moderate B7-H3 intensity [35].
Currently, a phase 1 trial for the drug MGD009, a B7-H3/
CD3 DART, is enrolling for various cancer types including
prostate cancer (NCT02628535) [36].

Another exciting tumor targeting approach capitalizes on
the affinity and specificity of antibodies to traffic cytotoxic
chemotherapy agents to tumors. These antibody-drug conju-
gates (ADCs) may potentially avoid the harmful side effects
that conventional chemotherapy agents have on healthy tissue
[37]. The FDA approval of brentuximab, anADC that delivers
monomethyl auristatin E (MMAE) to CD-30 expressing cells
in patients with Hodgkin’s lymphoma (HL), illustrates the
clinical efficacy of these agents. In solid tumors, trastuzumab
emtansine (TDM-1), an ADC that combines the targeting abil-
ity of the monoclonal antibody trastuzumab with the highly
cytotoxic agent emtansine, was approved for treatment of
HER2-positive metastatic breast cancer [38]. The relative
specificity of ADC depends on the identification of tumor-
specific targets that are not commonly expressed on other
tissues. Prostate tumors are a good target for ADC because
of the expression of PSMA and several other relatively
prostate-specific targets. A phase 1 trial in taxane-refractory
mCRPC p a t i e n t s o f P SMA ADC ( P r o g e n i c s
Pharmaceuticals), a fully human IgG1 antibody conjugated
to the microtubule-disrupting agent MMAE which binds to
PSMA-positive cells, showed antitumor activity, measured
by decrease in PSA or circulating tumor cells (CTCs), in about
50% of patients treated with ≥ 1.8 mg/kg PSMA ADC [39].
The phase 2 trial demonstrated antitumor activity, PSA de-
clines of ≥ 30 and ≥ 50% in 30 and 14% of patients respec-
tively. For those with measurable disease, 61% had stable
disease, 13% had partial responses, and 26% had progressive
disease [40].

Cancer Vaccines

Cancer vaccines that prime the immune system to recognize
tumor-associated antigens and elicit a T cell response have
demonstrated some success in prostate cancer. Vaccines are
generally comprised of an adjuvant that functions to activate
APCs like dendritic cells (DC) and a target protein or peptide
known to be relatively associated with the cancer [41]. After
subcutaneous or intradermal injection, antigen loadedDC traf-
fic to the draining lymph nodes where they present small
peptide fragments of the target antigen to prime T cell recog-
nition. After recognition of the MHC molecule/peptide com-
plex, CD4+ T cells activate, which along with other
costimulatory molecules leads to the maturation of CD8+ T
cells. These mature CD8+ T cells can proliferate and lyse
tumor cells presenting their target antigen. As above, prostate
cancer is an appealing target for immunotherapy with vaccines
because of its expression of specific tumor-associated antigens
like PSA, PSMA, and prostatic acid phosphatase (PAP) [42].

Currently, the only therapeutic cancer vaccine approved by
the FDA is Sipuleucel-T (Provenge™), which is used to treat
mCRPC. This personalized immunotherapy product is
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generated when a patient’s immune cells are extracted and
incubated with recombinant fusion protein PA2024, which
links PAP to GM-CSF, thus activating PAP-specific T cells
(Fig. 1). Activated antigen-presenting cells are then re-
infused into the patient to elicit an antitumor immune re-
sponse. Early clinical trials of Sipuleucel-T showed that treat-
ment stimulated T cell proliferative responses and induced
anti-PAP antibodies in approximately 50% of patients [43].
Three randomized phase 3 trials were conducted to test for
an OS benefit in advanced mCRPC patients. The pivotal
Immunotherapy for Prostate Adenocarcinoma Treatment
(IMPACT) trial demonstrated an increased overall survival
of 4.1 months in Sipuleucel-T patients compared to placebo
and led to FDA approval for the vaccine [6]. It should be noted
that Sipuleucel-T treatment does not affect PSA, with only
2.6% of over 300 patients in the treatment arm experiencing
a PSA decline ≥ 50% [6].

Emerging data indicate that therapeutic vaccines may be
most effective in early-stage patients with less aggressive dis-
ease [44]. A phase 2 trial evaluated the effects of the sequence
of therapy on patients with biochemically recurrent prostate
cancer (BRPC) treated with Sipuleucel-T and androgen dep-
rivation therapy (ADT). Approximately 60 patients with rap-
idly rising PSA levels were randomized either to receive
Sipuleucel-T before ADT or to receive Sipuleucel-T after
ADT. PAP024-specific Tcell proliferation responses averaged
across all timepoints were 2-fold higher in the arm that re-
ceived the vaccine first [45••]. Overall, the treatment arm that
received the vaccine first experienced a greater antitumor im-
mune response. These results should be considered when
evaluating the design of future clinical trials and indicate that
the sequence of immunotherapy treatments can effect clinical
activity.

Despite the effectiveness of Sipuleucel-T, other prostate
cancer vaccines tested in phase 3 trials have been less prom-
ising (Table 1). Prostvac-VF, which utilizes a heterologous
prime-boost strategy with vaccine virus (rV-PSA) and
fowlpox virus (rF-PSA), was recently studied in a large phase
3 clinical trial. These vaccine vectors include the transgenes
for TRICOM, which consists of the costimulatory molecules
ICAM-1, B7.1, and LFA-3, and PSA. One of the challenges
with poxvirus-based vaccines is their propensity to elicit
strong antibody responses; if given repeatedly, the antibody
response to viral proteins dampens the response to the
encoded target antigen. The use of a heterologous fowlpox
viral vector circumvents this challenge, allowing for repeated
administration with increased T cell immunity. This heterolo-
gous prime-boost strategy was tested in a phase 2 trial of
mCRPC patients; post hoc retrospective analyses showed an
8.5-month increase in OS with a 44% reduction in death rate
[6, 46]. Recent results of the 1200-patient randomized phase
III trial of Prostvac-VF in combination with GM-CSF
(NCT01322490) showed that treatment did not improve

overall survival. Those data led to the early discontinuation
of the trial. Prostvac-VF is also being tested in other combi-
nations involving either enzalutamide, ipilimumab,
nivolumab, or docetaxel (NCT01867333, NCT02933255,
NCT02506114, NCT02649855).

Another vaccine construct that has been tested in phase 3
trials is GVAX, a vaccine composed of whole tumor cells that
have been genetically modified to secrete GM-CSF. The tu-
mor cells provide the antigens for the vaccine; GVAX uses
two prostate cancer cell lines, LN-CaP and PC-3. The hor-
mone sensitive LN-CaP and hormone refractory PC-3 cell
lines are derived from lymph node and bone metastases re-
spectively, which may provide an array of prostate cancer-
associated antigens [47]. Two phase 2 trials demonstrated
PSA responses and patients on higher dose levels exhibited
development of vaccine antibodies. These promising results
led to the launch of two phase 3 trials, VITAL-1 and VITAL-2.
VITAL-2 compared GVAX plus docetaxel to docetaxel plus
prednisone, but was terminated after data showed a dispropor-
tionate number of deaths in the GVAX arm compared to the
standard treatment arm. The other trial, VITAL-1, was also
terminated early after an early futility analysis revealed a
low probability that the trial would meet its endpoint of im-
proved survival [48].

Another vaccine strategy utilizes attenuated vaccines de-
rived from Listeria monocytogenes (Lm). Lm is a gram-
positive bacterium that can cause listeriosis. Lm enters
antigen-presenting cells via phagocytosis, which induces a
strong innate immune response [49]. The ideal vaccine would
be able to harness the immunogenicity of listeria while
preventing its pathogenic features from harming the recipient.
Currently, there are two attenuated listeria vaccines in devel-
opment for prostate cancer. One of these is ADXS031-142, an
attenuated Lm vaccine that is genetically modified to knock-
out listeriolysin LLO with PSA as the target antigen.
Listeriolysin LLO knockout decreases toxicity since
listeriolysin LLO enables the bacteria to colonize the cytosol
of the host cell and spread rapidly to other cells [50]. Murine
studies showed good responses, as well as a reduction in the
number of tumor-infiltrating Treg cells [51]. Murine studies
also tested ADX031-142 in combination with RTcompared to
either treatment on their own. Those results showed additive
effect of the vaccine and RT [52]. Currently, there is a trial
ongoing that tests ADXS31-142 administered as a monother-
apy and in combination with the PD-1 inhibitor
pembrolizumab in mCRPC patients (NCT02325557).

A second listeria-based vaccine approach involves a live
attenuated double-deleted (LADD) strain of the vaccine that is
transduced with multiple prostate-associated antigens.
Multiple preclinical studies led to the identification of several
virulence genes. A mutant strain of Lm with the virulence
factor actA deleted led to a 1000-fold attenuation compared
to wild-type listeria, limiting the cell-to-cell spread of the
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bacteria while also maintaining its ability to induce effector
and memory T cell responses [53]. The deletion of inlB was
shown to interfere with listeria’s ability to infect
nonphagocytic cells such as hepatocytes, resulting in a re-
duced toxicity when compared to the wild-type strain. The
combination of these two deletions generated safe vaccine
strain, as demonstrated by studies in pancreatic and lung can-
cer [54]. Additionally, the magnitude of the attenuation of this
strain allows for a higher dose level, potentially increasing the
likelihood of T cell recognition of the tumor-associated anti-
gens [53, 55]. There is currently an ongoing phase 1 study
testing this approach, utilizing a LADD vaccine strain trans-
duced with multiple prostate-associated antigens
(NCT02625857).

Adoptive Cellular Therapy

In recent years, adoptive cellular therapy, an approach in
which patient’s T cells are removed and genetically
engineered before reinfusion, has gained momentum.
Several variations of ACT have been developed including
tumor-infiltrating lymphocytes (TILs), engineered T cell re-
ceptors (TCRs), and chimeric antigen receptors (CARs) [56].
The most promising engineered T cells are CARs, which are
engineered to target antigens via an antibody-derived single-
chain variable fragment, allowing the T cell to function inde-
pendent of the major histocompatibility complex [57–59].
Since the initial design, several “generations” of CAR T cells
have been developed with significant modifications to the
intracellular signaling domains. The first-generation CAR T
cells included only a CD3ζ signaling domain which limited in
vivo expansion and T cell proliferation leading to limited clin-
ical activity [60]. Second- and third-generation CAR T cells
include additional costimulatory domains that enhance CART
cell expansion (Fig. 1) [57].

A phase IIa trial evaluated the efficacy of tisagenlecleucel,
a CAR T cell that targets CD-19 in B cell cancers including
patients with diffuse large B cell lymphoma (DLBCL) and
follicular lymphoma. The ORR of the 28 patients treated
was 64%, with complete remissions occurring in 43 and
71% of DLBCL patients and follicular lymphoma patients
respectively [61]. Furthermore, these responses were durable,
with over 57% of all patients treated maintaining progression-
free survival at the median follow-up of 28.6 months. These
impressive responses led to the approval of the CD19 CART
cell for the treatment of children and young adults with acute
lymphoblastic leukemia in 2017 (ALL). Axicabtagene
ciloleucel, a second anti-CD-19 CARTcell, was also recently
approved for patients with large B cell lymphomas based on
similarly impressive results of the ZUMA-1 trial, with ORR
and CR response rates of 82 and 54% respectively in the 101
treated patients [62].

Given the success of CD19-targeted CARTcells for hema-
tologic malignancies, there is considerable interest in
expanding this approach to solid tumors, including prostate
cancer. One significant challenge of CAR T cell therapy is
identifying a specific tumor-associated antigen. CAR T cells
are extremely specific and can eradicate cells with even low
target expression. Therefore, evenminimal antigen expression
in normal tissues can lead to significant toxicity. However, as
previously discussed, prostate cancer has several relatively
unique TAAs. There is currently a phase 1 trial of a PSMA-
t a r g e t e d CAR T in mCRPC pa t i e n t s ongo i ng
(NCT01140373). Another CAR T cell that targets prostate
stem cell antigen (PSCA) is in development and is expected
to begin clinical trials in early 2018.

Conclusion

Despite significant advances in therapy over the last several
decades, prostate cancer remains a disease for which there is
no curative treatment option once metastatic. Although the
recent developments of immune-based therapies have revolu-
tionized cancer care, trials involving novel immunotherapeu-
tic agents have delivered mixed results for prostate cancer.
Checkpoint inhibitors have not been particularly successful
in mCRPC to date. This is perhaps unsurprising given the
immunosuppressive tumor microenvironment, lowmutational
burden, and low expression of PD-L1 commonly seen in pros-
tate tumors. Combination therapies to improve upon this, ei-
ther with multiple immunotherapies or with immunotherapy
and chemotherapy/RT, are currently being evaluated. The op-
timal timing of immunotherapy in prostate cancer also re-
mains unclear. On a more positive note, there are several
TAAs commonly expressed in mCRPC, which could serve
as potential targets for vaccines, antitumor antibodies, and
ADCs. This notion has successfully been exploited by
Sipuleucel-T, a cancer vaccine that targets PAP. Although
much work remains to be done, the promise of prostate cancer
immunotherapy remains.
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