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The incidence of metastatic prostate cancer is rising in several 
countries including the United States.1 As such, there is an 
urgent need for the development of newer therapeutics in 
treating metastatic prostate cancer, which is considered incur-
able. Due to groundbreaking research by Dr Charles Huggins 
and Dr Clarence Hodges in the 1940s, the cornerstone of 
treating metastatic prostate cancer has been hormonal ther-
apy through androgen deprivation therapy (ADT).2 Since 
2004, several new agents have received approval by the US 
Food and Drug Administration (FDA) and European 
Medicines Agency (EMA) for treating metastatic castrate-
sensitive cancer (mCSPC) and castrate-resistant prostate 
cancer (mCRPC) including chemotherapies and androgen 
receptor signaling inhibitors (ARSIs). Despite multiple drug 
approvals over the past 2 decades, however, it remains unclear 
how much improvement in survival these therapies have 
offered.

To further investigate the survival benefit of therapies 
approved between 2004 and 2022, we reviewed the FDA’s web-
site of cancer drug approvals.3 We confirmed these approvals 
being currently accepted standard-of-care therapies for 
mCSPC and mCRPC by reviewing expert consensus recom-
mendations published by the National Comprehensive Cancer 
Network (NCCN).4 We collected data on progression-free 
survival (PFS) and overall survival (OS) from the FDA 
approval notification or from the corresponding clinical trial’s 
publication cited for drug approval.

Between 2004 and 2022, there were 14 drug approvals for 
metastatic prostate cancer either a single therapy or in combi-
nation. As of 2023, the FDA has approved the following 3 
ARSIs for the treatment of mCSPC: abiraterone, enzaluta-
mide, and apalutamide based off data from the LATITUDE, 
ENZAMET, and TITAN trials, respectively.5 In addition, the 
FDA has approved the triplet therapy regimen darolutamide 
plus docetaxel plus ADT based off data from the ARASENS 
trial.6 The average PFS benefit for patients with mCSPC from 
these trials was 28.4 months. Although OS was not reached in 
either treatment arm of ARCHES with enzalutamide, the OS 
benefit of adding abiraterone to ADT was 16.8 months per 
LATITUDE. Of note, the comparator arm in the studies that 
evaluated the 3 ARSIs was ADT alone, whereas the compara-
tor arm in the ARASENS trial was placebo plus docetaxel plus 

ADT. The PFS and OS benefits from each therapy approved 
in the mCSPC setting can be seen in Table 1.

In contrast, there were 10 therapy approvals for mCRPC 
from 2004 to 2022. Among these approvals were 2 chemothera-
pies (docetaxel and cabazitaxel), 2 poly ADP ribose polymerase 
(PARP) inhibitors (olaparib and rucaparib), 2 ARSIs (enzaluta-
mide and abiraterone, with the latter receiving 2 separate 
approvals before or after chemotherapy), 1 radioisotope treat-
ment (Radium-223), 1 radioligand treatment (177-Lu PSMA), 
and 1 autologous stem cell therapy (sipuleucel-T). The average 
PFS benefit from these therapeutic approvals was 3.7 months 
(range = 1.9-5.4) and the average OS benefit for mCRPC was 
3.67 months. The PFS and OS benefits from each therapy 
approved in the mCRPC setting can be seen in Table 1.

Ours is the first study, to our knowledge, to evaluate the 
survival benefit of therapies approved from 2004 to 2022 in 
treating metastatic prostate cancer. As anticipated, the average 
PFS benefit seen in approved therapies for mCSPC was longer 
than the average PFS benefit for treatments approved for 
mCRPC likely owing due to significant differences in tumor 
biology between castrate-sensitive and castrate-resistant pros-
tate cancer.7 There are, however, several limitations to the study. 
The first limitation is variation between the comparator arms 
for several of the trials that evaluated therapies for treating 
mCRPC. Moreover, some therapies such as rucaparib had no 
comparator arm. An additional limitation of the study was that 
several studies are currently ongoing, with the median PFS or 
median OS not yet reached. Finally, another study limitation 
was that several studies including docetaxel, rucaparib, 
radium-223, and sipuleucel-T for mCRPC as well as triplet 
therapy (darolutamide plus docetaxel plus ADT) for mCSPC 
did not report the median PFS found in their respective studies 
which led to approval.

As shown in Table 1, the primary end point of recent clini-
cal trials published since 2019 has moved away from OS 
toward surrogate end points such as radiographic PFS. In fact, 
out of 8 trials that led to drug/therapy approvals between 2004 
and 2018, only 1 drug (abiraterone for mCRPC without prior 
chemotherapy) had a primary endpoint other than OS alone. 
However, among the 6 drug/therapy approvals from 2019 to 
2022, 4 (75%) had a primary endpoint other than OS alone. 
Although the PREVAIL study suggested that radiographic 

LETTEr TO ThE EDITOr

Characterization and Survival Benefit of Drug Approvals 
for Metastatic Prostate Cancer, 2004 to 2022

David J Benjamin1  and Arash Rezazadeh Kalebasty2

1hoag Family Cancer Institute, Newport Beach, CA, USA. 2Division of hematology/Oncology, 
Department of Medicine, University of California, Irvine Medical Center, Orange, CA, USA

1227413 ONC0010.1177/11795549241227413Clinical Medicine Insights: OncologyBenjamin and Rezazadeh Kalebasty
letter2024



2 Clinical Medicine Insights: Oncology 
Ta

b
le

 1
. 

Li
st

 o
f F

D
A

 a
pp

ro
va

ls
 fo

r 
tr

ea
tm

en
t o

f m
et

as
ta

tic
 p

ro
st

at
e 

ca
nc

er
, 2

00
4 

to
 2

02
2.

D
R

u
g

 N
A

m
e

Y
e

A
R

 O
F

 
A

p
p

R
O

v
A

L
IN

D
IC

At
IO

N
p

R
Im

A
R

Y
 O

u
t

C
O

m
e

C
O

N
t

R
O

L 
A

R
m

p
F

S
 B

e
N

e
F

It
 (

m
O

N
t

h
S

)
O

S
 B

e
N

e
F

It
 (

m
O

N
t

h
S

)

D
oc

et
a

xe
l

20
04

m
C

R
p

C
O

ve
ra

ll 
su

rv
iv

al
m

ito
xa

nt
ro

ne
N

ot
 r

ep
or

te
d

2.
4

C
ab

az
ita

xe
l

20
10

m
C

R
p

C
O

ve
ra

ll 
su

rv
iv

al
m

ito
xa

nt
ro

ne
1.

4
2.

4

S
ip

ul
eu

ce
l-t

20
10

m
C

R
p

C
O

ve
ra

ll 
su

rv
iv

al
p

la
ce

bo
N

ot
 r

ep
or

te
d

4.
1

A
bi

ra
te

ro
ne

20
11

m
C

R
p

C
 a

ft
er

 
ch

em
ot

he
ra

py
O

ve
ra

ll 
su

rv
iv

al
p

la
ce

bo
1.

9
3.

9

A
bi

ra
te

ro
ne

20
12

m
C

R
p

C
 w

ith
ou

t p
ri

or
 

ch
em

ot
he

ra
py

R
ad

io
gr

ap
hi

c 
pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l a

nd
 o

ve
ra

ll 
su

rv
iv

al

p
la

ce
bo

2.
1

N
ot

 r
ea

ch
ed

 v
s 

27
.2

 (
h

R
 =

 0
.7

5,
 

95
%

 C
I =

 0
.6

1-
0.

93
, P

 =
 .0

1)

A
bi

ra
te

ro
ne

20
18

m
C

S
p

C
O

ve
ra

ll 
su

rv
iv

al
p

la
ce

bo
 p

lu
s 

A
D

t
18

.2
16

.8

e
nz

al
ut

am
id

e
20

12
m

C
R

p
C

O
ve

ra
ll 

su
rv

iv
al

p
la

ce
bo

10
.9

 (
A

R
C

h
e

S
);

 5
6 

(e
N

Z
A

m
e

t
)

N
ot

 r
ea

ch
ed

 in
 e

ith
er

 g
ro

up
 in

 
e

N
Z

A
m

e
t

 o
r 

A
R

C
h

e
S

 (
h

R
 =

 
0.

6
6,

 9
5%

 C
I =

 0
.5

3
-0

.8
1,

 
P

 <
 .0

01
)

e
nz

al
ut

am
id

e
20

19
m

C
S

p
C

O
ve

ra
ll 

su
rv

iv
al

N
on

-s
te

ro
id

al
 

an
tia

nd
ro

ge
n 

th
er

ap
y 

(s
ta

nd
ar

d 
ca

re
)

N
ot

 r
ea

ch
ed

 v
s 

19
.4

 (
h

R
 =

 
0.

39
, 9

5%
 C

I =
 0

.3
-0

.5
, 

P
 <

 .0
0

01
)

N
ot

 m
at

ur
e

R
ad

iu
m

-2
23

20
13

m
C

R
p

C
O

ve
ra

ll 
su

rv
iv

al
p

la
ce

bo
N

ot
 r

ep
or

te
d

3.
6

A
pa

lu
ta

m
id

e
20

19
m

C
S

p
C

R
ad

io
gr

ap
hi

c 
pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l a

nd
 o

ve
ra

ll 
su

rv
iv

al

p
la

ce
bo

 p
lu

s 
A

D
t

N
ot

 r
ea

ch
ed

 v
er

su
s 

22
.1

 (
h

R
 

=
 0

.4
8,

 9
5%

 C
I =

 0
.3

9
-0

.6
, 

P
 <

 .0
0

01
)

N
ot

 r
ea

ch
ed

 (
h

R
 =

 0
.6

7,
 9

5%
 C

I 
=

 0
.5

1-
0.

89
, P

 =
 .0

05
3)

O
la

pa
ri

b
20

20
h

R
R

 +
 m

C
R

p
C

R
ad

io
gr

ap
hi

c 
pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l

e
nz

al
ut

am
id

e 
or

 
ab

ira
te

ro
ne

3.
8

4.
4

R
uc

ap
ar

ib
20

20
B

R
C

A
 +

 m
C

R
p

C
O

bj
ec

tiv
e 

re
sp

on
se

 r
at

e 
an

d 
p

S
A

 r
es

po
ns

e
N

o 
co

nt
ro

l a
rm

 
(t

R
It

O
N

2)
N

ot
 r

ep
or

te
d

N
ot

 r
ep

or
te

d

17
7-

Lu
-p

S
m

A
20

22
m

C
R

p
C

R
ad

io
gr

ap
hi

c 
pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l a

nd
 o

ve
ra

ll 
su

rv
iv

al

C
he

m
ot

he
ra

py
, 

im
m

un
ot

he
ra

py
, 

R
ad

iu
m

-2
23

, o
r 

in
ve

st
ig

at
io

na
l d

ru
gs

5.
4

4

D
ar

ol
ut

am
id

e 
pl

us
 d

oc
et

a
xe

l
20

22
m

C
S

p
C

O
ve

ra
ll 

su
rv

iv
al

p
la

ce
bo

 p
lu

s 
do

ce
ta

xe
l 

pl
us

 A
D

t
N

ot
 r

ep
or

te
d

N
ot

 r
ea

ch
ed

 v
s 

42
.4

 (
h

R
 =

 0
.6

8,
 

95
%

 C
I =

 0
.5

7-
0.

8
0,

 P
 <

 .0
0

01
)

A
bb

re
vi

at
io

ns
: A

D
t,

 a
nd

ro
ge

n 
de

pr
iv

at
io

n 
th

er
ap

y;
 C

I, 
co

nfi
de

nc
e 

in
te

rv
al

; F
D

A
, F

oo
d 

an
d 

D
ru

g 
A

dm
in

is
tr

at
io

n;
 h

R
, h

az
ar

ds
 r

at
io

; m
C

R
p

C
, c

as
tr

at
e-

re
si

st
an

t p
ro

st
at

e 
ca

nc
er

; m
C

S
p

C
, m

et
as

ta
tic

 c
as

tr
at

e-
se

ns
iti

ve
; O

S
, o

ve
ra

ll 
su

rv
iv

al
; p

F
S

, p
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
.



Benjamin and Rezazadeh Kalebasty 3

PFS is a meaningful endpoint in mCRPC, there still remains 
debate whether this is a meaningful endpoint in designing tri-
als for metastatic prostate cancer, particularly in the castrate-
sensitive setting.8

Although these prostate cancer treatment approvals partic-
ularly for mCRPC may provide physicians and patients with 
additional treatment options, it is unclear if these additional 
therapeutic choices come at the cost of delaying the onset of 
palliative care and comfort care services.5 Moreover, given the 
growing recognition of financial toxicity with genitourinary 
cancer treatments such as in bladder cancer, it is unclear if some 
of these approved therapies add to health care costs in excess of 
their potential benefits for survival or quality of life.9 However, 
appraisal of these factors is beyond the scope of this study.

Although there have been PFS and OS benefits with 14 
approved therapies for metastatic prostate cancer since 2004, 
survival benefit has been relatively modest for mCRPC. 
Median PFS and OS benefits may increase as several ongoing 
clinical trials mature and eventually present final survival 
data. Nonetheless, despite the survival benefits gained from 
these approved therapies, continued drug development par-
ticularly for metastatic castrate-resistant prostate cancer is 
warranted.
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