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ABSTRACT

Introduction: The treatment landscape for
metastatic castration-resistant prostate cancer
(mCRPC) continues to evolve. Sipuleucel-T was
the first immunotherapy approved by the US
Food and Drug Administration (FDA) to treat
asymptomatic or minimally symptomatic
mCRPC. The androgen receptor-targeting agents
(ARTAs) abiraterone acetate and enzalutamide
were initially approved to treat mCRPC. Looking
at chemotherapy-naı̈ve men with mCRPC, we
compared survival outcomes between the sip-
uleucel-T ? ARTA cohort (men who received

either sipuleucel-T or an ARTA in the first line,
and then the other in the second line within
6 months) and the ARTA monotherapy cohort
(men who only received ARTA monotherapy).
Methods: This retrospective cohort analysis
used longitudinal, adjudicated claims data from
the US Medicare Fee-for-Service 100% research
identifiable dataset that includes both urologic
and oncologic practice settings. Eligible men
started their first mCRPC treatment with either
sipuleucel-T or ARTA in either 2014 or 2015 and
had continuous Medicare Parts A, B, and D eli-
gibility for the subsequent 3 years. A multivari-
able Cox proportional hazards regression model
was used to analyze overall survival (OS), both
overall and by index year, and to control for
differences.
Results: The sipuleucel-T ? ARTA and ARTA
monotherapy cohorts comprised 773 and 4642
men, respectively, with different characteristics
at treatment start. The most commonly used
ARTAs were enzalutamide in the former and
abiraterone in the latter cohort. Median OS was
30.4 and 14.3 months in the sipuleucel-T ?

ARTA and ARTA monotherapy cohorts, respec-
tively, with the sipuleucel-T ? ARTA cohort
having a 28.3% lower risk of death than the
ARTA monotherapy cohort (hazard ratio 0.717;
95% CI 0.648, 0.793; p\0.01).
Conclusions: This real-world study of mCRPC
treatment indicates that men receiving sip-
uleucel-T and ARTAs had a longer median OS
than patients receiving treatment with an ARTA
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alone, suggesting that leveraging mechanisms
of action can be beneficial in treating patients
with mCRPC.

PLAIN LANGUAGE SUMMARY

The treatment landscape for metastatic castra-
tion-resistant prostate cancer (mCRPC) contin-
ues to evolve. There are multiple treatments for
mCRPC, including sipuleucel-T, the first US
Food and Drug Administration (FDA)-approved
immunotherapy, and the androgen receptor-
targeting agents (ARTAs) abiraterone acetate
and enzalutamide. Although sipuleucel-T uses a
unique mechanism of action that may be useful
in developing a treatment strategy for mCRPC,
an optimal treatment algorithm for prostate
cancer remains undefined. Therefore, survival
was compared in men with mCRPC who
received sipuleucel-T and an ARTA in the first
6 months of treatment with those who received
only ARTA monotherapy. A retrospective lon-
gitudinal study was conducted using the US
Medicare Fee-for-Service 100% research identi-
fiable dataset linked to the National Death
Index. Eligible men started their first mCRPC
treatment with either sipuleucel-T or ARTA in
either 2014 or 2015 and had continuous Medi-
care eligibility for the subsequent 3 years. Men
who received treatment with both sipuleucel-T
and an ARTA had a longer median survival
(30.4 months) than men who received an ARTA
without sipuleucel-T (14.3 months). This repre-
sents a 28% reduced risk of death with sip-
uleucel-T. This real-world study of mCRPC
treatment indicates that men receiving sip-
uleucel T and an ARTA survive longer than men
who only receive an ARTA, suggesting that
changing the mechanism of action can be
beneficial in treating patients with mCRPC.

Keywords: Immunotherapy; Observational;
Prostate cancer; Real-world evidence;
Sequencing; Treatment

Key Summary Points

Real-world evidence data, such as the
Medicare Fee-for-Service 100% research
identifiable dataset linked to the National
Death Index, can provide insight into the
outcomes of different treatments for
metastatic castration-resistant prostate
cancer (mCRPC) because it includes data
across both urologic and oncologic
treatment settings.

There are multiple treatments for
advanced prostate cancer, including
sipuleucel-T, the first FDA-approved
immunotherapy, and the androgen
receptor-targeting agents (ARTAs)
abiraterone acetate and enzalutamide.

We examined survival outcomes in men
with mCRPC, comparing men who
received sipuleucel-T and an ARTA, in
either order, in the first 6 months of
treatment with men who received only
ARTA monotherapy (i.e., no sipuleucel-T).

Men who received treatment with both
sipuleucel-T and an ARTA, in either order,
exhibited a median overall survival of
30.4 months compared with men who
received ARTA without sipuleucel-T
(14.3 months). This represents a 28%
reduced risk of death with sipuleucel-T
(hazard ratio 0.717 [95% CI 0.648, 0.793];
p\0.01) based on a multivariate Cox
regression modeling analysis.

INTRODUCTION

Each year, prostate cancer represents approxi-
mately 26% of new cancer cases and approxi-
mately 11% of cancer-related deaths in men [1].
Metastatic castration-resistant prostate cancer
(mCRPC), an advanced form of prostate cancer,
is a universally lethal disease [2].

Diagnosis of prostate cancer may occur at
any stage of disease; the treatment options
available at any given stage are different given
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the various levels of evidence available at each
stage [3]. Further, these options continue to
expand as agents leveraging different mecha-
nisms of action become available. Yet, few
studies have studied optimizing the algorithm
for prostate cancer treatment, including which
sequences and combinations are best or worst
for balancing survival and tolerability. Several
guidelines for the treatment of prostate cancer
explore these questions through hypothesis or
evidence examination [3, 4]. Two treatments
with demonstrated effectiveness are sipuleucel-
T (approved for asymptomatic or minimally
symptomatic mCRPC) and androgen receptor-
targeting agents (ARTAs) like enzalutamide and
abiraterone acetate (approved for use across
multiple stages of prostate cancer) as illustrated
in McKay et al. [5].

Sipuleucel-T is an autologous antigen-pre-
senting cell-based immunotherapy approved for
use by the US Food and Drug Administration
(FDA) in 2010 on the basis of its prolongation of
overall survival (OS) in patients with asymp-
tomatic or minimally symptomatic mCRPC
[6, 7]. A single course of treatment with sip-
uleucel-T, typically lasting 4–6 weeks, mobilizes
the immune system to target and destroy pros-
tate cancer cells [8] with a potential for long-
term effectiveness (evidence of effectiveness as
long as a median of 8.9 years [9]). A median OS
of 30.7 months from the date of the first sip-
uleucel-T infusion was demonstrated in the
PROVENGE Registry for the Observation, Col-
lection, and Evaluation of Experience Data
(PROCEED), a large registry of men with
mCRPC who received sipuleucel-T after FDA
approval between 2011 and 2017 [10].

Androgen receptor pathway-targeting agents
are also used to treat men with mCRPC. Abi-
raterone is a CYP17 inhibitor that interferes
with the production of testosterone to prevent
prostate cancer cell growth. Enzalutamide is a
next-generation androgen receptor (AR) inhi-
bitor that prevents testosterone from binding to
the androgen receptor in addition to having
other cellular inhibitory mechanisms. Some-
times referred to as ARTAs or androgen receptor
signaling pathway inhibitors, these orally
administered agents are approved for use in
multiple prostate cancer states by the FDA, with

initial approvals in the post-docetaxel setting
and then in the chemotherapy-naı̈ve mCRPC
setting [11–14]. Although ARTAs are the most
frequently administered treatments for mCRPC,
likely because of the ease of oral administration
and availability, patients eventually exhibit
disease progression [3]. ARTAs can have a high
attendant cost because of the need for contin-
ued administration to achieve effect while
increasing the likelihood for side effects [4].

An optimal treatment algorithm for prostate
cancer remains undefined because studies eval-
uating the appropriate sequences and combi-
nations have been limited. Although there are
several guidelines for the treatment of prostate
cancer [12, 14], there is a lack of randomized
head-to-head clinical trials and real-world evi-
dence to compare and contrast treatments.
Various factors may be considered when
choosing among treatment options, including
patient characteristics, the potential for adverse
events, mechanisms of action, costs, and
patient preference [12, 13].

Several factors can be considered when
deciding whether to use sipuleucel-T or an
ARTA. Sipuleucel-T employs a unique mecha-
nism of action that may be useful in developing
a treatment strategy for mCRPC, but because it
is immunotherapy, it requires a functional
immune system. ARTAs do not appear to impact
the immune system. Two studies provide evi-
dence that the use of ARTAs, before or con-
comitantly with sipuleucel-T, did not impair
the immune response generated by sipuleucel-T
[15, 16]. The different mechanism of action also
gives sipuleucel-T a different safety profile, with
the most common adverse events being related
to infusion reactions. Further, sipuleucel-T has a
lower attendant cost than the ARTAs [4].

In the absence of clinical trials comparing
these sipuleucel-T and ARTAs, real-world evi-
dence can provide useful insight into clinical
outcomes. We recently reported results from a
retrospective observational analysis of adjudi-
cated claims of Medicare beneficiaries who
started de novo treatment for mCRPC in 2014
[5]. This analysis reported a median OS of
35.2 months for patients who received sip-
uleucel-T (first through fourth lines) vs
20.7 months for those who did not receive
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sipuleucel-T but who did receive one or more
ARTA, with an incremental survival benefit of
14.5 months with sipuleucel-T (adjusted hazard
ratio [HR] 0.59 [95% CI 0.527–0.651]) [5]. That
paper provided a broad view as to the nature of
treatment sequencing in advanced prostate
cancer.

The current study differs from the prior
analysis in two ways. First, we added patients
who started mCRPC treatment in 2015 to the
analysis set, resulting in an analysis set that
includes those who started mCRPC treatment in
either 2014 or 2015 [5]. Second, the earlier
study established the benefit of adding sip-
uleucel-T at any time over the course of the
analysis period. In this analysis, we focused on
specific treatment sequences to examine whe-
ther adding a mechanism of action early on in
therapy has benefits compared with receipt of
one type of therapy. Specifically, in this study,
we compare OS between patients who received
sipuleucel-T and an ARTA within 6 months of
each other, some of whom received concomi-
tant treatment and some concurrent, and those
who received monotherapy with an ARTA
(Fig. 1).

METHODS

The methodology used here is similar to that
described elsewhere by McKay et al. [5].

Study Design

This retrospective observational claims study
used the Medicare Fee-for-Service 100% research
identifiable dataset that has patient-level link-
age to the National Death Index and spans both
urologic and oncologic practice settings where
prostate cancer may be treated in US eligible
men who started their first mCRPC treatment
with either sipuleucel-T or ARTA in either 2014
or 2015. Eligible men had to have a known
outcome in the next 36 months (Fig. 2). Men
were analyzed on the basis of the treatments
that they received.

Data Sources

The longitudinal Medicare dataset contains
deidentified information on patient demo-
graphics and claims data (dates of service,
diagnosis codes [International Classification of
Diseases, Ninth Revision and Tenth Revision,
Clinical Modification (ICD-9-CM and ICD-10-
CM, respectively)] as well as procedure codes
[current procedural terminology codes]) from
hospitals and other institutional and noninsti-
tutional providers. To protect patient privacy,
outputs reflecting between 1 and 11 beneficia-
ries (inclusive) were censored from the outputs
delivered by the Centers for Medicare & Medi-
caid Services.

This data was linked at a patient level to the
National Death Index, a central computerized
index of death record information collected
from state vital statistics offices across the USA
[17]. It contains dates and causes of death as
reported on death certificates.

Dendreon Pharmaceuticals LLC (Seal Beach,
CA) and Milliman Inc. (New York, USA) had
permission to access and perform analytics on
these datasets; however, they never had pos-
session of the patient-level data. This research is
exempt from institutional review board
approval.

Study Population

Eligible patients were identified by applying a
sequential set of prespecified selection criteria
(Fig. 3) to Medicare beneficiaries who partici-
pated in the index years. These criteria include
codes found within the adjudicated claims data;
a list is provided in Supplemental Table 1. Eli-
gible male beneficiaries had to have been con-
tinuously enrolled in Medicare Parts A, B, and
D, and claims data had to indicate a diagnosis of
mCRPC. In addition, eligible patients had to
have received their first mCRPC treatment in
one of the index years. Beneficiaries who died
during the study period and thus lost their eli-
gibility were included in the study to ensure
that mortality rate bias was not introduced for
beneficiaries who elected to enroll in a Medicare
Advantage plan.
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Patients were excluded if they had a claim for
an mCRPC treatment in the previous
12 months; this time frame was chosen based
on the typical disease course (Fig. 3). Patients
who were enrolled in a Medicare Advantage
plan were also excluded because these plans
provide additional treatment options compared
with the base plan and could introduce bias.
Patients whose data indicated enrollment in
Medicare’s end-stage renal disease special needs

program in the month of index therapy were
also excluded because the nature of their treat-
ment would introduce additional confounding
factors.

Treatment Groups

The selection of treatment groups was based on
observations of frequency of use in the Medi-
care dataset and the lack of head-to-head

Fig. 1 Illustration of the analysis cohorts used in this
study. The action of sipuleucel-T persists after the infusion
is finished (light blue bars). The sipuleucel-T ? androgen
receptor-targeting agent (ARTA) cohort comprised
patients who had one of these treatment patterns
(A–D). A Initiation of ARTA therapy within 6 months
of initiating sipuleucel-T as first-line therapy; sipuleucel-T
treatment may be continuing or completed when patients
initiate ARTA therapy. B Initiation of sipuleucel-T
therapy within 6 months of initiating ARTA as first-line
therapy; ARTA treatment completed for 90 days before
initiating sipuleucel-T therapy. C Initiation of sipuleucel-T
therapy within 6 months of initiating ARTA therapy;

ARTA treatment completed for 30 days before initiation
of sipuleucel-T therapy. Treatment with sipuleucel-T
followed by reinitiation of ARTA therapy; sipuleucel-T
treatment may be continuing or completed when patients
initiate ARTA therapy. Most patients reinitiate therapy
with the same ARTA (abiraterone or enzalutamide) as the
initial ARTA. D Initiation of sipuleucel-T within
6 months of initiating ARTA therapy; ARTA treatment
completed for at least 30 days before initiation of
sipuleucel-T therapy. E ARTA group comprised patients
who initiated ARTA therapy and continued to receive
ARTA treatment throughout the study period
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clinical trials between many agents in the
prostate cancer space. Our previous study
reported that among men who started treat-
ment for mCRPC in 2014, 5878 patients
received an ARTA in any line (43% of these
received ARTA monotherapy) and 906 patients
received sipuleucel-T in any line during the
observation period [5]. Given the frequency of
use of ARTA monotherapy, we used this as the
comparison in the current study.

The patients with mCRPC were analyzed by
cohort based on treatment received, sipuleucel-
T ? ARTA and ARTA monotherapy cohorts. The
sipuleucel-T ? ARTA cohort included men who
received sipuleucel-T and an ARTA, in either
order, in the first 6 months of treatment. The
ARTA monotherapy cohort included men who
received only ARTA monotherapy (i.e., no sip-
uleucel-T).

Study Variables

The primary outcome variable was OS, defined
as the time from the index date to the date of
death or the end of the observation period. The
independent variable was treatment (i.e., sip-
uleucel-T ? ARTA versus ARTA monotherapy).
Covariates used in these analyses included
sociodemographic variables and clinical factors,
as described previously [17]. The list and
descriptions of the covariates are provided in
Supplemental Table 2.

Statistical Analyses

Fisher’s exact test and t test statistics were gen-
erated to see if the observed differences in indi-
vidual covariates were statistically meaningfully
different between model cohorts. Survival was
analyzed in two ways. First, Kaplan–Meier sur-
vival curves were generated on the basis of
unadjusted analyses. Second, the multivariable
Cox proportional hazards model from our pre-
vious study [5] was used to compare survival
outcomes because many of the inherent
assumptions about the patient populations were
carried forward into this expanded population.

Stepwise regression was used to test for sig-
nificant variables across the McKay model
covariates in the current study. During this
process, both time to second-line therapy and
number of lines of therapy were determined to
not be significant covariates. In other words,
whatever effect these covariates might have on
the outcome was being effectively controlled for
by other covariates in the model. Therefore,
these two factors were removed from the final
model. The covariates included in the final
multivariate model are described in Supple-
mental Table 2. Outcomes are reported for each
index year and the two index years combined.

Model success was measured by the concor-
dance (C) statistic; the closer the C value is to 1,
the better the concordance. The C statistic was
0.7975. Direct adjusted survival functions were
calculated and graphed for the models com-
paring treatments. A priori statistical

Case for a single patient in Medicare 100% research identifiable dataset

0 +12 m +24 m +36 m

Index date
(First claim for 

mCRPC treatment in 
cohort year)

Final observation
(First event of either 

death or end of 
observation period)

PostindexPreindex

-12 m

Fig. 2 Illustration of the study design. Patients with their
first claim for an mCRPC treatment in either of the index
years (2014 or 2015) were identified. They could not have
received treatment for mCRPC in the previous 12 months

(look back) and had to have a known outcome during the
observation period of up to 36 months (look forward for
either death or survival at 36 months). mCRPC metastatic
castration-resistant prostate cancer
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significance in this study was set at p\0.05. All
reported p values are two-sided. No adjustments
for multiple testing were made because it was
determined that the benefits of such an adjust-
ment did not outweigh the cost to the power of
the study. Analyses were performed with SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Figure 3 illustrates how we identified the 5415
patients who met our base eligibility criteria
across both index years, including 773 men in
the sipuleucel-T ? ARTA cohort and 4642 men
in the ARTA monotherapy cohort. Inclusion

Number of covered Medicare 
beneficiaries over 2 index years

(n = 44,315,342)

Eligiblea for at least 1 month in 
index year

(n = 24,248,424)

Excluded due to ineligibility in 
index year

(n = 20,066,918)

Eligiblea in 12 months before 
index date

(n = 21,098,126)

Excluded due to ineligibility in 
12 months before index date

(n = 3,150,298)

Eligiblea in all months of the 
observation period or until death

(n = 17,821,836)

Excluded due to ineligibility 
during study period

(n = 3,276,290)

Male beneficiaries
(n = 7,330,852)

Excluded due to being female
(n = 10,490,984)

Diagnosed with prostate cancer 
during index year

(n = 621,199)

Excluded due to no prostate 
cancer diagnosis
(n = 6,709,653)

Started mCRPC-approved drug 
therapy during index year

(n = 23,102)

Excluded due to not starting 
approved therapyb

(n = 598,097)

No drug therapy in 12 months 
before first mCRPC therapy in 

index year
(n = 14,262)

Excluded because received 
prostate cancer treatment 

before index date
(n = 8,840)

SIP-T (1L) - ARTAc (2L)/ 
ARTAc (1L) - SIP-T (2L)

(n = 773)
ARTAc monotherapy

(n = 4,642)

Fig. 3 Flowchart shows how eligible patients were iden-
tified in the Medicare Fee-for-Service 100% research
identifiable dataset with the number of patients at each
stage. To be eligible, patients had to have continuous
Medicare Part A, B, and D eligibility and could not be
enrolled in a health maintenance organization. Patients
could have received androgen-deprivation treatment.

aEligibility requirements were having continuous Part A,
B, and D eligibility and no health maintenance organiza-
tion (HMO) enrollment; bPatients could have received
androgen deprivation treatment; cARTA treatments
include abiraterone acetate or enzalutamide. mCRPC
metastatic castration-resistant prostate cancer
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Table 1 Baseline characteristics by treatment cohort for Medicare patients with metastatic castration-resistant prostate
cancer

Characteristic Sipuleucel-T 1
ARTA (n = 773)a

ARTA monotherapy
(n = 4642)a

p value

1L, n (%) \ 0.01

Abiraterone 72 (9.3%) 2619 (56.4%)

Enzalutamide 104 (13.5%) 2023 (43.6%)

Sipuleucel-T 597 (77.2%) 0 (0.0%)

2L, n (%) \ 0.01

Abiraterone 290 (37.5%) 0 (0.0%)

Enzalutamide 307 (39.7%) 0 (0.0%)

Sipuleucel-T 176 (22.8%) 0 (0.0%)

Age distribution, n (%)

Average age, years 75.9 80.2 \ 0.01

Median age, years 75.0 81.0

\ 65 12 (1.6%) 90 (1.9%) \ 0.01

65–69 114 (14.7%) 345 (7.4%)

70–74 229 (29.6%) 717 (15.4%)

75–79 195 (25.2%) 930 (20.0%)

80–84 141 (18.2%) 1066 (23.0%)

85–89 68 (8.8%) 968 (20.9%)

90? 14 (1.8%) 526 (11.3%)

Dual/nondual, n (%)b

Dual 62 (8.0%) 813 (17.5%) \ 0.01

Nondual 711 (92.0%) 3829 (82.5%)

Race, n (%)

Black 66 (8.5%) 549 (11.8%) \ 0.01

White 683 (88.4%) 3864 (83.2%)

Other 24 (3.1%) 229 (4.9%)

Urban/rural, n (%)

Urban 604 (78.1%) 3321 (71.5%) \ 0.01

Rural 169 (21.9%) 1321 (28.5%)

mCRPC lines of therapy, n (%)

Average no. of lines 3.3 1.0 \ 0.01

Median no. of lines 3.0 1.0
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Table 1 continued

Characteristic Sipuleucel-T 1
ARTA (n = 773)a

ARTA monotherapy
(n = 4642)a

p value

One 0 (0.0%) 4642 (100.0%) \ 0.01

Two 236 (30.5%) 0 (0.0%)

Three 237 (30.7%) 0 (0.0%)

Four 170 (22.0%) 0 (0.0%)

Five 108 (14.0%) 0 (0.0%)

Six 22 (2.8%) 0 (0.0%)

Time to mCRPC second-line therapy (months)

Average 2.8 0.0 \ 0.01

25th percentile 1.6 0.0

50th percentile 2.8 0.0

75th percentile 4.1 0.0

Corticosteroid use within 6 months after index date (patients with abiraterone steroid use not counted)

\ 0.2 764 (98.8%) 4460 (96.1%) \ 0.01

0.2–0.4 – 47 (1.0%)

0.4–0.6 – 39 (0.8%)

0.6–0.8 – 18 (0.4%)

[ 0.8 – 78 (1.7%)

Charlson Comorbidity Indexc

0–3 203 (26.3%) 1261 (27.2%) \ 0.01

4–7 85 (11.0%) 684 (14.7%)

8–11 414 (53.6%) 1940 (41.8%)

12–15 66 (8.5%) 654 (14.1%)

16–19 – 98 (2.1%)

20–24 0 (0.0%) –

Opioid use around index dated

Chronic use 71 (9.2%) 862 (18.6%) \ 0.01

No chronic use 702 (90.8%) 3780 (81.4%)

Multiple metastasese,f

Multiple (yes or no) 140 (18.1%) 1003 (21.6%) 0.03

Skeletal-related events around index date

Radiation therapyg 48 (6.2%) 571 (12.3%) \ 0.01

Bone fractureh 28 (3.6%) 385 (8.3%) \ 0.01
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and exclusion criteria are provided for eligible
patients by index year (2014 and 2015) in Sup-
plemental Table 3.

Patient Characteristics

Table 1 presents baseline patient characteristics
for the treatment cohorts, most of which were
used as covariates in the Cox proportional

Table 1 continued

Characteristic Sipuleucel-T 1
ARTA (n = 773)a

ARTA monotherapy
(n = 4642)a

p value

Spinal cord compressionh 58 (7.5%) 333 (7.2%) 0.71

Bone surgeryh,i – 85 (1.8%) 0.20

Any 121 (15.7%) 1054 (22.7%) \ 0.01

Corticosteroid proportion of days coveredh within 6 months after index date (excluding use in patients with abiraterone-

related steroid use)

\ 0.2 766 (99.1%) 4550 (98.0%) 0.04

0.2–0.4 – 92 (2.0%)

Regression ‘‘drops’’

ESRD – 96

Unknown race – 23

Unknown urban/rural designation 0 –

Unique patients to be excluded

from regression development

because of missing variablesj

– 122

ARTA androgen receptor-targeting agent, ESRD end-stage renal disease, 1L first-line, 2L second-line, mCRPC metastatic
castration-resistant prostate cancer
a‘‘–’’ indicates that numbers are masked because of suppression requirements for showing cohorts with fewer than
11 beneficiaries by Centers for Medicare & Medicaid Services
bNondual refers to Medicare eligibility only. Dual refers to both Medicare and Medicaid eligibility
cCharlson Comorbidity Index assigned on the basis of claims in the year before the index date. A score of 0 indicates that no
comorbidities were found; the level of comorbidity is indicated by higher scores, and the maximum score possible is 33
dChronic opioid use is defined as two or more prescription claims within 30 days, both claims identified within 60 days
before and 60 days after the index date
eOne or more claims in the year before the index date for each main body region: lung, visceral, bone, lymph nodes, liver,
and other
fMultiple metastasis counts include all patients who reported metastases in at least two of the sites of interest
gOne or more claims in the 60 days before and 60 days after the index date
hOne or more claims in the 90 days before and 90 days after the index date
iExcludes evidence of high impact fractures
jPatients with unknown values for race, dual/nondual status, or urban/rural designation will be excluded from the regression
development process
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hazards model. Most were significantly
different.

Treatments

In the sipuleucel-T ? ARTA cohort, enzalu-
tamide was the most frequently used ARTA in
either first-line (13.5%) or second-line (39.7%)
treatment, whereas in the ARTA monotherapy
cohort, abiraterone (56.4%) was the most fre-
quently used ARTA.

Most men who reinitiated ARTA (Fig. 1c)
received the same ARTA that they received as
first-line therapy, and a few switched to the
other ARTA. Ninety-eight of the 106 (93%) men
who received abiraterone after sipuleucel-T and
140 of 165 (85%) men who received enzalu-
tamide after sipuleucel-T received the same
agent as first-line therapy. These results suggest
that some patients received sipuleucel-T during
a planned course of ARTA, either concomitantly
or during a break in ARTA treatment.

Only men in the sipuleucel-T ? ARTA cohort
received more than one line of therapy. Of
these, 31% received only the two lines of ther-
apy and 69% received three or more lines of
treatment (Table 1).

Survival Analysis

Survival outcomes with the sipuleucel-T ?

ARTA and ARTA monotherapy cohorts are pre-
sented in Fig. 4a and Supplemental Table 4 for
the unadjusted Kaplan-Meier analyses and in
Fig. 4b for the multivariate Cox proportional
hazards model analyses. Among the covariates
included in the multivariate model, all were
significant at the p\0.05 level (Fig. 5).

Across the two index years combined, the
survival benefit with sipuleucel-T ? ARTA was
16.1 months. Similarly, the survival benefit
with sipuleucel-T ? ARTA was 14.8 and
17.3 months for the index years 2014 and 2015,
respectively. Patients in the sipuleucel-T ?

ARTA cohort had a 28.3% lower risk of death
than did the patients in the ARTA monotherapy
cohort (HR 0.717 [95% CI 0.648, 0.793; p \
0.01) (Fig. 5).

DISCUSSION

We studied beneficiaries included in the Medi-
care Fee-For-Service 100% research identifiable
longitudinal claims dataset that is linked to the
National Death Index for survival outcomes. In
the current study, we compared two cohorts:
one that received both sipuleucel-T and an
ARTA in either order (sipuleucel-T ? ARTA
cohort) and one in which only ARTA
monotherapy without sipuleucel-T (ARTA
monotherapy cohort) was received (Fig. 1).
Median OS was 30.4 months in men with
mCRPC who received sipuleucel-T and an ARTA
and 14.3 months in men who only got ARTA
monotherapy, a 16.1-month difference. After
adjustment for significant prognostic covari-
ates, patients in the sipuleucel-T ? ARTA cohort
had improved survival benefits over those in the
ARTA monotherapy cohort, with a 28% reduced
risk of death at 36 months. These findings
highlight the survival benefit of using sip-
uleucel-T and an ARTA. Given there is a possi-
bility that men receiving sipuleucel-T as second-
line therapy received it in combination with the
first-line ARTA, we looked at the claims for
mCRPC agents after sipuleucel-T. Most men
received the same ARTA that they received as
first-line therapy. A few switched to the other
ARTA.

Multivariate analysis was used to assess the
relative impact on outcomes between the sip-
uleucel-T ? ARTA cohort and the ARTA
monotherapy cohort. All assessed covariates
were significant at the p\0.05 level. This is not
unexpected given most are based on prognostic
indicators of worse disease (Table 2) [18]. The
results shown here suggest that sipuleucel-T
added to treatment with an ARTA, administered
in sequence or in combination, exhibited
incremental survival benefits, compared with
ARTA monotherapy, in men with mCRPC who
were eligible for Medicare or Medicaid. That
said, real-world data such as these may reflect
treatment bias because the choice of treatments
for these patients reflects decisions made by the
treating physician and patients were not ran-
domly assigned. The clinical context in which
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these decisions were made is missing from this
dataset.

Findings from the current study, however,
are consistent with the published literature for
survival outcomes with sipuleucel-T among
patients with advanced prostate cancer. Both
clinical trials and observational studies have
consistently demonstrated that sipuleucel-T can
improve survival among patients with advanced
prostate cancer [6, 10, 19]. The current study
provides further insights into the use of sip-
uleucel-T that were first identified by McKay
et al. [5]. With the increased size of the analysis
population, the current study saw a similar
pattern of results, with an incremental survival
benefit in men who received sipuleucel-T in
addition to ARTA treatment compared with an
ARTA alone. Both the current and prior studies
examined patient populations that started their
treatment for mCRPC when the only treatment

bFig. 4 Impact of the use of sipuleucel-T (SIP-T) in
combination with androgen receptor-targeting agent
(ARTA) treatment on overall survival by analysis cohort.
Median overall survival outcomes were calculated by
analysis group. Patients either received sipuleucel-T in
combination with ARTA treatment or ARTA only.
Patients in the sipuleucel-T ? ARTA combination
cohort are indicated by a dashed blue line and those in
the ARTA monotherapy cohort are indicated by a solid
red line. A Graph of Kaplan–Meier estimates of overall
survival. This graph illustrates the univariate analysis of
overall survival as well as the numbers of patients at risk by
treatment cohort and the estimates of unadjusted median
overall survival by treatment cohort. B Graph of direct
adjusted survivor functions. This graph illustrates the
estimates of survival using a direct adjusted survivor
function based on the Cox multivariable model. The
respective estimates of adjusted median overall survival are
also presented. HR hazard ratio

Covariate

Opioid use (chronic vs. not)

No. of metastatic sites (>1 vs. 1 or fewer)

SREs (any vs. none)

Medicare/Medicaid (both vs. either)

CCI (continuous)

Age (continuous)

PDC corticosteroid (continuous)

Race: Black vs. White

Race: Other vs. White

Treatment: SIP-T+ARTA vs. ARTA mono

HR (95% Cl) P value

1.72 (1.589, 1.873) <0.01

1.49 (1.375, 1.608) <0.01

1.40 (1.300, 1.511) <0.01

1.36 (1.241, 1.490) <0.01

1.05 (1.045, 1.062) <0.01

1.04 (1.040, 1.050) <0.01

1.01 (1.007, 1.011) <0.01

0.89 (0.798, 0.990) 0.03

0.76 (0.649, 0.894) <0.01

0.72 (0.648, 0.793) <0.01

Fig. 5 Forest plot illustrating the impacts of the covariates
used in the Cox proportional hazards model. The hazard
ratios (HRs) and 95% confidence intervals (95% CIs) for
each of the covariates used in the final model are presented
here. See Table 1 for additional information on covariates.

ARTA androgen receptor-targeting agent, CCI Charlson
Comorbidity Index, continuous continuous variable, mono
monotherapy, PDC proportion of days covered, SIP-T
sipuleucel-T, SREs skeletal-related events
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options for chemotherapy-naı̈ve men with
mCRPC were docetaxel, sipuleucel-T, and the
ARTAs. ARTAs were approved for use in the
postchemotherapy setting, but not yet for
treatment in hormone-sensitive disease for this
analysis set. The current study also looked more
carefully at the nature of the first- and second-
line treatments, observing that most patients
who receive an ARTA as first-line therapy con-
tinue the same ARTA after sipuleucel-T has been
administered. As immunotherapy stimulates
the immune system to target prostate cancer
cells, the benefits of sipuleucel-T persist beyond
the period of its administration [8, 9].

Although prolongation of survival is still the
primary intent of cancer treatment, it is
important to consider multiple strategies when
determining treatment options. One strategy

aims to interrupt disease progression by using
different cancer treatments and their different
mechanisms of action, hopefully preventing the
development of resistance in cancer cells and
thereby theoretically prolonging patient sur-
vival. Currently, multiple agents are available
for the treatment of prostate cancer, some of
which are approved or have evidence of benefit
in multiple prostate cancer settings. While the
National Comprehensive Cancer Network has
developed regularly updated evidence-based
guidelines [3], the evidence is still maturing.
Although ARTAs are approved for use across
multiple treatment settings, including mCRPC
as well as earlier settings such as metastatic
hormone-sensitive prostate cancer, there is an
increasing possibility that physicians may pre-
scribe sequential courses of ARTAs despite

Table 2 Final multivariable model of overall survival in all patients by treatment cohort

Covariate HR (95% CI) P value

Treatment: sipuleucel-T ? ARTAa vs ARTA monotherapyb 0.72 (0.648, 0.793) \ 0.01

Age: continuous variable 1.04 (1.040, 1.050) \ 0.01

Race: Black vs White 0.89 (0.798, 0.990) 0.03

Race: other vs White 0.76 (0.649, 0.894) \ 0.01

Medicare and Medicaid: both vs either 1.36 (1.241, 1.490) \ 0.01

Charlson Comorbidity Indexc: continuous variable (0–8) 1.05 (1.045, 1.062) \ 0.01

Opioid use around index dated: chronic vs not chronic 1.72 (1.589, 1.873) \ 0.01

Number of metastatic sites:[ 1 vs B 1 1.49 (1.375, 1.608) \ 0.01

Skeletal-related events around index date: any vs none 1.4 (1.300, 1.511) \ 0.01

Corticosteroid proportion of days coverede within 6 months after index datef: continuous

variable (calculated, 0–1)

1.01 (1.007, 1.011) \ 0.01

ARTA androgen receptor-targeting agent, CI confidence interval, HR hazard ratio
aPatients received sipuleucel-T followed by an ARTA or an ARTA followed by sipuleucel-T (Fig. 3). The switch occurred
within 6 months of starting the first treatment
bPatients received ARTA monotherapy
cCharlson Comorbidity Index score was assigned on the basis of claims in the year before the index date. A score of 0
indicates that no comorbidities were found; worse comorbidities are indicated by higher scores, with a maximum possible
score of 33
dChronic opioid use is defined as two or more 30-day prescriptions within 60 days before or after the index date
eProportion of days covered refers to the number of days of supply of corticosteroids divided by the difference in the number
of days alive in the study and the number of days spent in an inpatient or skilled nursing facility care
fExcludes corticosteroid use concomitant with abiraterone
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evidence suggesting poor outcomes with their
use [20–24]. The use of ARTAs in earlier disease
stages leads to an increased possibility of resis-
tance developing, requiring new options for
treatment to be considered. Given the nature of
treatment resistance, changing the mechanism
of action that is being leveraged in the treat-
ment can be beneficial [25]. Real-world evi-
dence, both in the current study and in the
study by McKay et al., indicates that the use of
sipuleucel-T and ARTAs in patients with
advanced prostate cancer is more beneficial
than treatment with either alone [5].

This study, which adds to the current litera-
ture on treatment patterns for advanced pros-
tate cancer in real-world clinical practice,
examined the impact of including sipuleucel-T
as part of the treatment protocol. The scope and
quality of the Medicare Fee-for-Service 100%
research identifiable dataset, the large size of the
study population, and the multivariate analysis
with the Cox proportional hazards model pro-
vide a robust study population. Further, the
consistency of our results with the results of
previously published studies provides confi-
dence in our analysis and results. The use of
ARTA alone may have limited efficacy in
patients with prostate cancer who had disease
progression and is generally not recommended
by clinical experts and RADAR II guidelines
[26, 27]. Yet, it was a very common regimen
used in this population (43% in McKay et al.)
[5].

The current study provides important infor-
mation that can be contextualized to clinical
practice with further validation. This analysis
also provides a framework for future studies on
understanding the preferred treatment
approach for mCRPC in other populations in a
real-world setting. As additional years of data
become available for research in the Medicare
dataset, it would be helpful to expand on this
research to develop a broader understanding of
treatment approaches for prostate cancer as new
agents and expanded use of ARTA are reflected
in the dataset. Specifically, future work should
begin to address issues that would help clarify
whether agents should be considered specifi-
cally for certain stages of the disease and

possibly in certain sequences and combinations
to optimize their impact.

Limitations

This study has limitations. First, the Medicare
dataset has limited clinical information and
lacks information including factors known to be
associated with survival, such as Eastern Coop-
erative Oncology Group performance status and
laboratory test data (e.g., lactate dehydrogenase,
albumin, hemoglobin, prostate-specific antigen,
and alkaline phosphatase levels) [18]. As such,
we could not control for these variables directly
in the regression models and used surrogates
based on claims codes. Our ability to extrapo-
late our findings to patient-level care decisions
is limited. As such, this research is intended to
inform physician decision-making. Second,
there is the possibility of selection bias because
the choice of treatments used in the patients in
our study was influenced by physician- and
patient-related factors not reflected in the data.
We attempted to address this, at least in part,
through the use of multivariate Cox propor-
tional hazards modeling and the application of
a common set of eligibility criteria. Third, the
findings may not be generalizable to younger
men because the Medicare dataset predomi-
nantly includes patients who are 65 years and
older. Fourth, patient selection focused on
identifying patients who matched both the
approved indication for sipuleucel-T and the
approved indications for ARTAs in 2014 and
2015, namely mCRPC. As such, the ARTA
monotherapy population does not fully repre-
sent the population of patients who are treated
with ARTAs in 2022. That said, this is still some
of the most current observational data allowing
examination of outcomes between different
treatments. Therefore, the results should be
considered with this context, as informative
rather than prescriptive. Finally, there is a pos-
sibility that the patient eligibility criteria used
to minimize the bias that might arise from
excessive censoring may inadvertently lead to
differential disqualification by race. Despite
these limitations, the findings from this study
add to the available literature by providing real-
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world evidence on treatment patterns in
patients with mCRPC.

CONCLUSIONS

Real-world evidence indicates that the use of
sipuleucel-T and ARTAs in patients with
advanced prostate cancer is more beneficial
than treatment with an ARTA alone. This study
adds to the body of evidence to inform more
defined treatment protocols and supports the
concept that considering changing mechanisms
of action can be beneficial for treating patients
with mCRPC.
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