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ABSTRACT

Introduction: Since sipuleucel-T approval in
2010, the treatment landscape for metastatic
castration-resistant prostate cancer (mCRPC)
now includes the androgen-receptor signaling
pathway inhibitors (ASPIs) abiraterone acetate
or enzalutamide. In 2013 and 2014, these oral
agents were approved for use in men with
metastatic prostate cancer who had minimal to
no symptoms. We compared overall survival
(OS) in men who received their first mCRPC
treatment using the Medicare Fee-for-Service

100% administrative claims research dataset
with patient-level linkage to the National Death
Index.
Methods: This retrospective cohort analysis
(January 2013 to December 2017) included men
who were chemo-naı̈ve at treatment start in
2014 and who had continuous Medicare Parts
A, B, and D eligibility during the 3-year obser-
vation period. We compared: first-line sip-
uleucel-T vs. first-line ASPIs and any-line
sipuleucel-T vs. any-line ASPIs (without sip-
uleucel-T). We used a multivariable regression
model to help control for potentially con-
founding factors while assessing survival
outcomes.
Results: The model included 6044 eligible men
(average age 75–78 years) with similar disease
severity;[80% were white. Median OS, pre-
sented as sipuleucel-T vs. ASPI, was 35.2 vs.
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20.7 months (n, 906 vs. 5092; any-line cohort)
and 34.9 vs. 21.0 months (n, 647 vs. 4810; first-
line cohort). Model outcomes indicated sip-
uleucel-T was associated with significantly pro-
longed OS compared with ASPIs: adjusted
hazard ratio, 0.59 (95% CI 0.527–0.651) and
0.56 (0.494–0.627) for the any-line and first-line
cohorts, respectively.
Conclusion: This analysis suggests use of sip-
uleucel-T at any time was associated with
improved OS compared with ASPI use alone. Of
note, these analyses are intended as descriptive
rather than definitive as this dataset contains
limited data on key clinical factors. While
selection bias is a risk in secondary claims data,
this research provides important insight into
real-world treatment outcomes.

Keywords: Abiraterone; Androgen-receptor
signaling pathway inhibitors; Castration-
resistant prostate cancer; Claims;
Enzalutamide; Immunotherapy; Metastatic;
Multivariable analysis; Sipuleucel-T

Key Summary Points

Why carry out this study?

Survival outcomes of treatment of
advanced prostate cancer with androgen-
receptor signaling pathway inhibitors
(ASPIs), abiraterone acetate and
enzalutamide, or sipuleucel-T have not
been compared in a prospective clinical
trial.

We addressed this data gap by generating
multivariable models to analyze data from
the large longitudinal Medicare 100%
dataset linked to the National Death
Index as it offers large numbers of
patients.

We hypothesized that patients receiving
sipuleucel-T would have improved
survival compared to non-sipuleucel-T
users, potentially related to its distinct
mechanism of action compared to other
mCRPC directed therapies.

What was learned from the study?

Model outcomes indicated sipuleucel-T,
regardless of line of use, was associated
with significantly prolonged OS compared
with ASPIs: adjusted hazard ratio, 0.59
(95% CI 0.527–0.651).

Even given the potential limitations
associated with claims analyses, such as
selection bias and confounding by
indication, this research provides
important insights into real-world
treatment outcomes and is
complementary with other recently
published real-world evidence analyses
from other data sources.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12961697.

INTRODUCTION

Castration-resistant prostate cancer (CRPC) is
an advanced, aggressive form of prostate cancer
characterized by disease progression despite
castration by surgery or androgen deprivation
therapy [1, 2]. Once metastatic CRPC (mCRPC)
develops, the disease is inevitably fatal,
although several drugs have been shown to
prolong survival in men with advanced prostate
cancer.

Sipuleucel-T is an autologous antigen-
presenting cell vaccine, which is manufactured
through co-culturing leukapheresed immune
cells with a fusion protein consisting of pro-
static acid phosphatase and granulo-
cyte–macrophage colony-stimulating factor
[3, 4]. Upon infusion, activated antigen-pre-
senting cells contained in the sipuleucel-T pro-
duct are thought to stimulate effector T-cells,
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which in turn result in an anti-tumor effect [4].
Since sipuleucel-T was approved for use in the
US in 2010, the treatment landscape for patients
with mCRPC has grown to include two andro-
gen-receptor signaling pathway inhibitors
(ASPIs), abiraterone acetate and enzalutamide,
both initially approved in the same patient
population as sipuleucel-T. Abiraterone and
enzalutamide have become the most commonly
used agents in treating mCRPC in the US [5].
Current NCCN guidelines for mCRPC treatment
include both ASPIs and sipuleucel-T as first-line
recommendations [6].

Research examining the survival outcomes of
the second-generation ASPIs and sipuleucel-T in
a large cohort of treated mCRPC patients has
not been performed [7]. While a clinical trial
can provide useful information, limitations
include the understanding of real-world effec-
tiveness of treatment in a heterogeneous pop-
ulation [8–10]. Real-world evidence research
provides data that are complementary to clini-
cal trials: effectiveness vs. efficacy and real-
world risk:benefit assessments, to start [8–10].
Two commonly used sources of real-world evi-
dence are health records and claims data.

In the US, healthcare for a life-threatening
disease such as cancer, diagnosis, and treatment
will typically occur across multiple medical
professionals, pharmacies, and treatment cen-
ters leading to discontinuous medical records
[10]. Electronic health records can offer a
breadth of clinical data yet still with a certain
level of missing data and percentage of patients
being lost to follow-up. One example is a study
published by George et al. [10]. This study
described survival outcomes and treatment
patterns using electronic health records from
oncology clinics for men with mCRPC covered
by a variety of payers and leaving outcomes
from urology clinics [10].

One opportunity for longitudinal data in the
US lay with claims data. One key claims dataset
is the Medicare Fee-for-Service (FFS) 100%
research identifiable longitudinal dataset, here-
after referred to as ‘‘Medicare 100%.’’ Medicare
100% includes longitudinal claims data from
over 40 million patients, typically 65 years or
older, and other patients who receive Medicare
and possibly Medicaid through the Centers for

Medicare and Medicaid Services (CMS). The
data provide information about medical inter-
ventions for which claims were made. Further-
more, this research dataset is linked to the
National Death Index to provide information
on survival outcomes. Thus, the Medicare 100%
dataset provides longitudinal claims data that
can be linked to survival outcomes from a large
contemporary patient population. A subset of
patients included in this dataset are those who
may have supplemental insurance through the
Medicare Advantage plans. Given claims
records may be subject to confounding by
indication by treatment as a patient’s clinical
condition at treatment start will influence sur-
vival outcome, several studies that use Medicare
data have provided relevant clinical insights
into prostate cancer treatment [11–14].

The objective of this study was to compare
the effectiveness of sipuleucel-T and ASPIs on
overall survival in men treated for advanced
prostate cancer as captured in the Medicare
100% dataset. We chose to compare with ASPIs
as they were not available when sipuleucel-T
was approved, and they have become the most
commonly used agents for treating mCRPC in
the US. Given the risk of confounding by indi-
cation, we chose to study the subset of patients
with advanced prostate cancer who were
chemotherapy naı̈ve at the start of each type of
treatment and to use multivariate modeling to
control for those factors that were assessable in
this dataset. We used the Medicare dataset
because it offers the type of longitudinal data
needed. We hypothesized that patients receiv-
ing sipuleucel-T would have improved survival
compared to non-sipuleucel-T users, potentially
related to its distinct mechanism of action
compared to other mCRPC directed therapies.

METHODS

Data Source

This analysis used the Medicare 100% research
dataset, including linked Parts A, B, and D
claims and enrollment for all Medicare benefi-
ciaries in the USA. This dataset includes longi-
tudinal, anonymized demographic information
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and claims data (dates of service, diagnosis
codes [International Classification of Diseases
Clinical Modification 9th and 10th versions
(ICD-9-CM and ICD-10-CM, respectively)] and
procedure codes [current procedural terminol-
ogy codes]) from hospitals and other institu-
tional and non-institutional providers. Patient
records were linked to the National Death Index
to obtain dates of death, allowing for survival
analysis. Dendreon Pharmaceuticals LLC
engaged Milliman Inc. (New York, USA) to
perform analytics on this dataset.

This retrospective study used the secondary
database, the Medicare 100% research dataset,
which is based on anonymized patient claims
data. Dendreon and Milliman had permission
to access and use these data. This research is
exempt from institutional review board
approval.

Study Population

The study population (the Overall Analysis Set)
comprised a subset of the Medicare 100% ben-
eficiary population, identified through the
application of a set of prespecified criteria (see
Fig. 1 for a detailed flow chart). During the
entire observation period (2013–2017), men in
the Overall Analysis Set had to be eligible for
Medicare Parts A, B, and D without enrollment
in a Medicare Advantage plan, the latter to
ensure consistency in both coverage and follow-
up. Identification of men with mCRPC required
a qualifying prostate cancer diagnosis in 2014
(ICD-9-CM 185) and an initial claim for an
approved mCRPC treatment in 2014, which
predated approvals of mCRPC agents for hor-
mone-sensitive prostate cancer. Identification
of treatment agents was based on Healthcare
Common Procedure Coding System (HCPCS)
codes and national drug codes (NDCs). We
further qualified our analysis set to include only
mCRPC-treatment-naı̈ve treated men, as con-
firmed by having no previous FDA-approved
mCRPC treatment in the 12 months before the
initial 2014 claim, with the exception of
androgen-deprivation therapy (i.e., index date;
see Supplemental Fig. 1 for a description). To
minimize censoring, all patients were required

either to have continuous coverage for
36 months or to have died.

For this research, there were two analysis
cohorts: first-line use or any-line use (Fig. 2).
First, there was the first-line cohort: men who
received first-line sipuleucel-T versus those who
received first-line ASPIs (first-line sipuleucel-T
versus first-line ASPIs). These patients could
have received any other approved mCRPC agent
in subsequent lines. Second, there was the any-
line cohort that comprised two distinct groups:
men who received sipuleucel-T at any time
during the observation period and who could
have received any other agent during the
observation period versus those men who
received ASPIs in any line and who could have
received any other agent during the observation
period except for sipuleucel-T (any-line sip-
uleucel-T versus any-line ASPIs).

As an exploratory outcome on sequencing
with sipuleucel-T and ASPI, we compared the
overall survival of patients using a first- or sec-
ond-line sequence of sipuleucel-T with the
ASPIs (without consideration of third-line
treatments).

Analytical Methods

Following common statistical modeling princi-
ples, we developed a multivariable model using
Cox (proportional hazard) methods to analyze
survival outcomes while controlling for known
(potential) confounding variables and mini-
mizing selection bias. For each model, the
covariate and model fit statistics and hazard
ratios (HRs) were calculated and assessed. Ini-
tially, univariate analyses were performed to
explore overall survival (OS) in this population
[15].

Next, we developed a multivariable model
using a stepwise procedure. First, multiple
models were developed using two-thirds of the
population of the Overall Analysis Set (de-
scribed in Supplemental Table 1). To identify
the best fit, we varied type of selection (forward,
backward, and stepwise), significance level (0.05
and 0.01), observation period (36 months), and
cohort (first line vs. any line) (described in
Supplemental Table 2) and evaluated a
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prespecified list of covariates (Supplemental
Table 3). These covariates include a selection of
known clinical confounders [16] that can be
identified using claims data as well as their
variations. For example, clinical confounders
included claim codes indicating presence of
metastases and skeletal-related events (SREs),
explored either as present or not, or by specific
site. Additionally, socioeconomic factors such
as location (rural or urban), household income,
Centers for Disease Control region, type of
coverage (Medicare alone or Medicare plus
Medicaid), and Hierarchical Condition Cate-
gory (HCC) community score (a way to incor-
porate risks associated with comorbidities) were
assessed. The various initial models demon-
strated very good concordance with each other,
with high overlap between significant
covariates.

The model selected to move forward was the
stepwise model, with a significance level of
0.05, for the any-line cohort. The final selection
of covariates included treatments received (sip-
uleucel-T vs. ASPI), number of lines of treat-
ment, age, race, type of coverage, Charlson
comorbidity index score [17], number of sites
with metastatic disease, prior SREs, chronic
opioid use (as a surrogate for disease severity),
numbers of lines of therapy, and corticosteroid
use [18–20]. For a detailed description of these
covariates, please see Supplemental Table 4.
Medication use (i.e., mCRPC treatments, oral
corticosteroids, and opiates) was identified

through NDC codes. Note, corticosteroid use
excluded concomitant use with abiraterone as
per label. Presence of metastases was assumed if
ICD-9-CM diagnosis codes indicating such were
present during the year before the index date
(the date of the first claim for mCRPC treat-
ment). SREs were defined based on claims for
bone fracture, bone surgery, or spinal cord
compression in the 90-day window before or
after the index date and/or radiation therapy
within a 60-day window. Charlson comorbidity
index scores were calculated based on estab-
lished methods [17]. Patients with missing data
in expected fields were excluded. We tested the
model using the remaining one-third of
patients from the Overall Analysis Set and the
identified covariates. The characteristics for
these men (Supplemental Table 5) were highly
homogeneous with the initial population.
Model success was based on a comparison of
modeling the training and validation popula-
tions as measured by the concordance
(C) statistic; the closer the C value is to 1 indi-
cates better concordance. The initial and testing
C-statistics were 0.7331 and 0.7618,
respectively.

Last, we applied the model to the complete
patient population (i.e., Overall Analysis Set),
which is described in Table 1. The model proved
robust and consistent. Direct adjusted survival
functions were calculated and graphed for the
models comparing the agents [21].

In lieu of having safety data, we report the
frequency of emergency department visits, both
overall visits and prostate cancer-related visits,
that occurred within the first year and are
reported according to first line therapy. Given
the nature of claims data, clinical details are
limited.

For the frequencies of the use the mCRPC
agents by line of therapy, we identified the use
of agents using HCPCS codes (for medical
claims) and national drug codes (NDCs) (for
Part D claims). Lines of therapy were deter-
mined as the earliest claim for each unique
mCRPC agent without consideration of con-
current or layered utilization of products.

For both the exploratory analysis and the
estimation of survival for the overall analysis
set, we performed univariate Kaplan-Meier

bFig. 1 Identification of eligible patients for the overall
analysis set. This figure illustrates the impact of sequen-
tially applying the specified eligibility criteria to the
Medicare 100% Fee-for-Service beneficiary population to
identify the final population used in the model (Overall
Analysis Set). This population included men who were
eligible for Medicare Parts A, B, and D without enrollment
in a Medicare Advantage plan; who had a qualifying
prostate cancer diagnosis in 2014 (ICD-9-CM 185); who
had an initial claim for an approved mCRPC treatment in
2014 with no previous FDA-approved mCRPC treatment
in the 12 months before the initial 2014 claim, with the
exception of androgen-deprivation therapy (i.e., index
date); and who had either available claims data for
36 months or had died during this time period
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survival analyses comparing survival outcomes
and calculating unadjusted HRs for either the
sequence of sipuleucel-T as first-line followed by

ASPIs or the sequence of ASPIs as first-line fol-
lowed by sipuleucel-T compared to both ASPIs
in a sequence or only one ASPI.

Fig. 2 Description of analysis sets. This figure describes
the composition of the final analysis sets used in the model.
Using the Overall Analysis Set (A), we identified those
men who had ever received sipuleucel-T (B) or androgen-
receptor signaling pathway inhibitors (ASPIs) (C) during
the observation period from 2014 to 2017. We created the
first-line cohort, comparing those men who received
sipuleucel-T (D) with those who received ASPIs (E). In
the first-line cohort, patients could have received any agent
in subsequent lines. Next, we identified those who received
sipuleucel-T (G) and those who received ASPIs (F) at any

time. However, since these two groups (F, G) included
some of the same men, we excluded those men who
received sipuleucel-T (I) from the larger group of those
who received ASPIs (F) to prevent overlapping. The any-
line cohort thus compares men who, during the observa-
tion period, received sipuleucel-T at any time (G) with
those who received ASPIs, but never received sipuleucel-T
(H). The resultant first-line and any-line cohorts were used
in the models to determine the impact of each type of
treatment
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Table 1 Patient characteristics for the overall analysis set by cohort

Characteristic First-line cohort Any-line cohort

Sipuleucel-T
(n = 647)

ASPI
(n = 4810)

Sipuleucel-T
(n = 906)

ASPI (never sipuleucel-T)
(n = 5092)

No. (%) of patients by age group

\ 65 years old 15 (2%) 97 (2%) 19 (2%) 121 (2%)

65–69 years old 101 (16%) 488 (10%) 150 (17%) 538 (11%)

70–74 years old 194 (30%) 937 (19%) 281 (31%) 1035 (20%)

75–79 years old 164 (25%) 1114 (23%) 236 (26%) 1162 (23%)

80–84 years old 108 (17%) 1014 (21%) 138 (15%) 1067 (21%)

85–89 years old 57 (9%) 820 (17%) 71 (8%) 829 (16%)

90 ? years old – 340 (7%) 11 (1%) 340 (7%)

Average age, years 75.5 78.6 75.2 78.3

Median age, years 75.0 79.0 75.0 78.0

No. (%) of patients by race

Black 47 (7%) 508 (11%) 63 (6.9%) 560 (11%)

White 566 (87%) 4056 (84%) 802 (88%) 4268 (84%)

Other 34 (5%) 246 (5%) 41 (5%) 264 (5%)

No. (%) of patients with weighted Charlson comorbidity indexa score within stated range

0–3 55 (9%) 541 (11%) 85 (9%) 535 (11%)

4–7 42 (6%) 495 (10%) 65 (7%) 502 (10%)

8–11 445 (69%) 2785 (58%) 628 (69%) 3003 (59%)

12–15 95 (15%) 866 (18%) 118 (13%) 917 (18%)

16–19 – 117 (2%) – 129 (3%)

20–24 0 (0%) – 0 (0%) –

Median score 9.0 9.0 9.0 9.0

No. (%) of patients by type of eligibility

Both Medicare and

Medicaid

45 (7%) 676 (14%) 63 (7%) 733 (14%)

One or the other 602 (93%) 4134 (86%) 843 (93%) 4359 (86%)

No. (%) of patients with specified numbers of mCRPC lines of therapy

One 96 (15%) 2194 (46%) 96 (11%) 2194 (43%)

Two 186 (29%) 1416 (29%) 231 (25%) 1622 (32%)

Three 186 (29%) 720 (15%) 273 (30%) 804 (16%)

Four 107 (17%) 376 (8%) 179 (20%) 393 (8%)

Adv Ther (2020) 37:4910–4929 4917



Table 1 continued

Characteristic First-line cohort Any-line cohort

Sipuleucel-T
(n = 647)

ASPI
(n = 4810)

Sipuleucel-T
(n = 906)

ASPI (never sipuleucel-T)
(n = 5092)

Five 59 (9%) 95 (2%) 100 (11%) 79 (2%)

Six 13 (2%) – 27 (3%) 0 (0%)

Median time to 2nd line

(mon)

4.7 9.2 5.2 8.9

Opioid utilization around indexb

Chronic use 56 (9%) 832 (17%) 83 (9%) 928 (18%)

No chronic use 597 (91%) 4012 (83%) 823 (91%) 4164 (82%)

No. (%) of patients having multiple metastasis sitesc

Yes 125 (19%) 1099 (23%) 173 (19%) 1241 (24%)

No 522 (81%) 3711 (77%) 733 (81%) 3851 (76%)

No. (%) of patients having C 1 SREd around index date

Yes 88 (14%) 1038 (22%) 125 (14%) 1119 (22%)

No 559 (86%) 3772 (78%) 781 (86%) 3973 (78%)

No. (%) of patients by number of days of corticosteroid use within 6 months after index datee

\ 60 Days 638 (99%) 4719 (98%) 891 (98%) 4947 (97%)

C 60 Days – 91 (2%) 15 (2%) 145 (3%)

No. (%) of patients by corticosteroid PDCf within 6 months after index datee

\ 0.2 633 (98%) 4667 (97%) 884 (98%) 4876 (96%)

0.2–0.4 – 38 (1%) – 59 (1%)

0.4–0.6 – 35 (1%) – 45 (1%)

0.6–0.8 – 17 (0%) – 28 (1%)

4918 Adv Ther (2020) 37:4910–4929



Statistical significance in this study was set at
P B 0.05. All reported P values are two-sided.
Analyses were performed with SAS version 9.4
(SAS Institute Inc., Cary, NC).

RESULTS

We examined the Medicare 100% research
dataset (2013 through 2017), using an index
year of 2014 and a total population of
40,569,828 beneficiaries. A diagram detailing
the identification of eligible patients is provided
in Fig. 1. Of the 6,034,317 men having contin-
uous Medicare Parts A, B, and D eligibility
without enrollment in a Medicare Advantage
plan during the observation period, 452,718
had a diagnosis of prostate cancer in 2014. Of
the 14,351 who had C 1 claim for mCRPC
treatment in 2014, 6800 had no mCRPC treat-
ment claim in the previous 12 months. In the
end, we identified 6044 men with a prostate
cancer diagnosis who received either sipuleucel-
T or ASPIs (Overall Analysis Set).

The patients identified in the Overall Anal-
ysis set were then assigned to specific cohorts as

described in Fig. 2. The first study cohort
included 647 men receiving first-line sipuleucel-
T vs. 4810 receiving first-line ASPIs. Similarly,
the second study cohort compared 906 men
who received sipuleucel-T vs. 5092 men who
received ASPIs but never received sipuleucel-T.

Patient Characteristics

The populations in the two cohorts were similar
with the exception of minor differences
between patients in the sipuleucel-T and ASPI
arms in each cohort; these differences were in
those factors included as covariates in the
multivariable model (Table 1). Patients receiv-
ing ASPIs were slightly older on average
(78 years) than those receiving sipuleucel-T
(75 years). Most patients were white (88% and
83%, respectively). Most were only eligible for
Medicare (93% and 86%, respectively), with
slightly more men receiving ASPIs being cov-
ered by both Medicare and Medicaid, typically
an indicator of the presence of comorbidities
warranting dual coverage. Other variables
reflecting prognosis, disease severity, and

Table 1 continued

Characteristic First-line cohort Any-line cohort

Sipuleucel-T
(n = 647)

ASPI
(n = 4810)

Sipuleucel-T
(n = 906)

ASPI (never sipuleucel-T)
(n = 5092)

[ 0.8 – 53 (1%) – 84 (2%)

ASPI androgen signaling pathway inhibitor, CI confidence interval, coeff coefficient, cov covariate, na not applicable, PDC
proportion of days covered, ref reference, SRE skeletal-related event, – indicates cell was suppressed because of insufficient
numbers of patients available per the policy of the Centers for Medicare and Medicaid Services
First-line cohort: Patients categorized by treatment received as first line. Any-line cohort: Patients categorized by whether
they had ever received sipuleucel-T
See the supplemental materials for the patient characteristics for the training (Supplemental Table 4) and validation subsets
(Supplemental Table 5)
a Charlson comorbidity index score was assigned based on claims in the year before the index date. A score of 0 indicates
that no comorbidities were found; worse comorbidity was indicated by higher scores, with a maximum possible score of 33
b Chronic opioid use defined as two or more 30-day scripts within 60 days before or after the index date
c 1 ? claims in year before the index date
d 1 ? claims in the 90 days before until 90 days after the index date
e Corticosteroid use-related variables shown here do not include abiraterone users receiving corticosteroid as per abiraterone
label
f PDC ‘Proportion of days covered’ refers to the number of days supply of corticosteroids divided by the difference of total
days alive in the study minus the number of days spent in inpatient or skilled nursing facility care
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comorbidities were similar across groups
(Table 1). As these factors were included in the
covariates in the multivariable model, separate
statistical testing was not done.

Treatments

Looking at the number of lines of therapy dur-
ing the 36-month window for the any-line
cohort, most men (75%) receiving ASPIs in any
line without sipuleucel-T had one or two lines

of therapy, whereas 75% of those receiving
sipuleucel-T at any time received two to three
lines of therapy (Table 1). Among men who
received sipuleucel-T, most (71%) received it in
the first line.

Figure 3 illustrates the frequencies of mCRPC
treatments by line of therapy. In this popula-
tion, the most frequently used agents in first
line are abiraterone (56%), enzalutamide (24%),
and sipuleucel-T (11%). Sixty-two percent of
men (3744 of 6044) continued on to receive

Fig. 3 Patients receiving treatment for metastatic castra-
tion-resistant prostate cancer by line of therapy. Frequency
per agent is presented in descending order by line of
therapy: a first line, b second line, c third line, d fourth

line, and e fifth line. Agents identified as treatments for
metastatic castration-resistant prostate cancer are included.
The number of patients receiving treatment in each line is
presented
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second-line therapy. In the second line, enza-
lutamide and abiraterone switch relative fre-
quencies (48% versus 25% of these men) and
then continue to decrease in frequency of use
with each successive line. Sipuleucel-T use was
observed in up to the fourth line.

Emergency Department Visits

Emergency department visits provide an insight
into serious adverse events in claims databases,
although clinical details may be limited. The
average numbers of emergency department
visits per 100 patients in the first year of treat-
ment regardless of cause were 164.3, 194.5, and
206.4 for men receiving sipuleucel-T, enzalu-
tamide, and abiraterone acetate, respectively.
The average numbers of emergency department
visits considered related to prostate cancer were
11.6, 16.0, and 14.1, respectively.

Survival Outcomes

Median overall survival in the overall analysis
set was 22.97 months (Fig. 4). We compared the
survival outcomes between treatments within
the first-line cohort and within the any-line
cohort, after controlling for the imbalances

observed in the baseline populations (Table 2).
Patients receiving sipuleucel-T as a first-line
treatment had 44% reduction in the risk of
death at 36 months compared to those receiv-
ing ASPIs as first-line treatment (adjusted HR,
0.56; 95% CI 0.494–0.627; P\ 0.0001)
(Table 2). Observed median overall survival was
34.9 months with first-line sipuleucel-T versus
21.0 months with first-line ASPIs–a 14-month
difference in overall survival. A similar pattern
of results was observed with the any-line cohort.
There was a 41% decrease in the risk of death at
36 months in patients receiving sipuleucel-T vs.
those receiving an oral ASPI (without sip-
uleucel-T) (adjusted HR, 0.59; 95% CI
0.527–0.651; P\0.0001) (Table 2). This corre-
sponded to an observed 14.5-month difference
in median overall survival between the any-line
groups, with durations of 35.2 months (sip-
uleucel-T) vs. 20.7 months (ASPI, without sip-
uleucel-T).

Direct adjusted survival functions for both
cohorts are illustrated in Fig. 5. Both curves
exhibit consistent separation for the patients
receiving sipuleucel-T and ASPIs, with the sip-
uleucel-T curves demonstrating improved sur-
vival at each time point.

Exploratory Analysis

No differences in overall survival were observed
when we compared the sequence of first-line
sipuleucel-T followed by ASPIs with first-line
ASPIs followed by sipuleucel-T (HR, 1.17 [95%
CI 0.72–1.91]; P = 0.521). Significantly better
survival outcomes were observed when sip-
uleucel-T was used with an ASPI than either an
ASPI alone or if two ASPIs were used in sequence
(HR, 0.48 [95% CI 0.40–0.59]; P\0.0001). Sur-
vival curves for these analyses are presented in
Supplemental Figs. 2 and 3.

DISCUSSION

Since the FDA approval of sipuleucel-T in 2010,
there have been shifts in mCRPC treatment
guidelines, and new treatment options have
become available to clinicians for treating
patients with advanced prostate cancer

Fig. 4 Kaplan-Meier Estimate of Overall Survival in the
Overall Analysis Set. This graph illustrates the survival
curve for men in the overall analysis set as described in
Fig. 2a. This set includes 6044 men who were Medicare
beneficiaries in 2014, who had a prostate cancer diagnosis
for which they started treatment in that index year, and
who received either sipuleucel-T or androgen-receptor
signaling pathway inhibitors during the analysis period
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Table 2 Final multivariable model of overall survival in all patients by treatment cohort (n = 6044)

Covariate First-line cohort Any-line cohort

HR (95% CI) P-value HR (95% CI) P-value

Treatment: sip-T vs. ASPI 0.56

(0.494, 0.627)

\ 0.0001 0.59

(0.527, 0.651)

\ 0.0001

Age: continuous variable 1.03

(1.028, 1.038)

\ 0.0001 1.03

(1.028, 1.037)

\ 0.0001

Race: black vs. white 0.85

(0.762, 0.955)

0.0064 0.87

(0.776, 0.962)

0.0080

Race: other vs. white 0.93

(0.793, 1.074)

0.3148 0.92

(0.795, 1.063)

0.2680

Medicare and Medicaid coverage: both vs.

either

1.28

(1.156, 1.414)

\ 0.0001 1.26

(1.139, 1.38)

\ 0.0001

Number of lines of mCRPC treatment: 2

vs. 1

0.26

(0.230, 0.302)

\ 0.0001 0.25

(0.222, 0.289)

\ 0.0001

Number of lines of mCRPC treatment: 3

vs. 1

0.21

(0.176, 0.239)

\ 0.0001 0.19

(0.167, 0.2241)

\ 0.0001

Number of lines of mCRPC treatment: 4

vs. 1

0.16

(0.137, 0.197)

\ 0.0001 0.16

(0.137, 0.194)

\ 0.0001

Number of lines of mCRPC treatment: 5

vs. 1

0.12

(0.089, 0.152)

\ 0.0001 0.12

(0.091, 0.15)

\ 0.0001

Number of lines of mCRPC treatment: 6

vs. 1

0.15

(0.083, 0.261)

\ 0.0001 0.18

(0.103, 0.30)

\ 0.0001

Time to mCRPC second-line therapy

(months):[ 0–3 vs. never

5.91

(5.030, 6.960)

\ 0.0001 6.58

(5.646, 7.683)

\ 0.0001

Time to mCRPC second-line therapy

(months): 3–6 vs. never

5.18

(4.450, 6.052)

\ 0.0001 5.37

(4.652, 6.216)

\ 0.0001

Time to mCRPC second-line therapy

(months): 6–9 vs. never

4.65

(3.963, 5.458)

\ 0.0001 4.64

(3.997, 5.402)

\ 0.0001

Time to mCRPC second-line therapy

(months): 9–12 vs. never

3.5

(2.946, 4.158)

\ 0.0001 3.52

(2.988, 4.142)

\ 0.0001

Time to mCRPC second-line therapy

(months):[ 12 vs. never

2.5

(2.052, 3.028)

\ 0.0001 2.57

(2.139, 3.079)

\ 0.0001

Charlson comorbidity indexa: continuous

variable (0–8)

1.07

(1.061, 1.083)

\ 0.0001 1.07

(1.058, 1.079)

\ 0.0001
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[3, 22–31]. However, little real-world evidence
exists on the contemporary use and outcomes
of these newer agents and sipuleucel-T consis-
tent with their labeled indications at the time.
Using the Medicare 100% dataset, a national
longitudinal claims database linked to survival
outcomes from a contemporary patient popu-
lation, we used multivariate analysis to look at
the relative benefits of treatment of advanced
prostate cancer with sipuleucel-T and ASPIs in
Medicare beneficiaries. There were small differ-
ences in the baseline population, including
men receiving sipuleucel-T generally being
slightly younger than those receiving ASPIs.
Fewer men receiving sipuleucel-T were covered
by both Medicare and Medicaid insurance (i.e.,

dual eligible), an indirect indicator of a lower
socioeconomic status and more complex health
needs. Overall, we found that after adjusting for
baseline factors such as these, factors that may
be confounders, the survival benefits of using
sipuleucel-T and ASPIs in chemotherapy-naı̈ve
men with advanced prostate cancer remain
apparent, with the risk of death drop-
ping[40% at 36 months regardless of whether
used in the first line or in any line (Table 2,
Figs. 4 and 5). While this information is
important and hypothesis generating as we look
to understand outcomes for patients with
mCRPC, there are limitations and the need for
validation across other datasets as well as trials

Table 2 continued

Covariate First-line cohort Any-line cohort

HR (95% CI) P-value HR (95% CI) P-value

Opioid use around index dateb: chronicc vs.

not chronicc
1.56

(1.433, 1.699)

\ 0.0001 1.53

(1.409, 1.656)

\ 0.0001

Number of metastasis sites:[ 1 vs. B 1 1.25

(1.154, 1.346)

\ 0.0001 1.24

(1.157, 1.337)

\ 0.0001

Skeletal-related events around index date:

any vs. none

1.25

(1.153, 1.346)

\ 0.0001 1.25

(1.157, 1.342)

\ 0.0001

Number of days of corticosteroid use within

6 months after index dated: C 60

vs.\ 60

0.49

(0.291, 0.841)

0.0088 0.61

(0.398, 0.948)

0.0280

Corticosteroid PDCe within 6 months after

index dated: continuous variable

(calculated, 0–1)

5.12

(2.787, 9.062)

\ 0.0001 3.94

(2.375, 6.417)

\ 0.0001

ASPI androgen signaling pathway inhibitors, CI confidence interval, HR hazard ratio, PDC proportion of days covered, ref
reference, n not applicable, – indicates continuous data
First-line cohort: Patients categorized by treatment received as first line. Any-line cohort: Patients categorized by whether
they had ever received sipuleucel-T
a Charlson comorbidity index score was assigned based on claims in year before the index date. A score of 0 indicates that
no comorbidities were found; worse comorbidities indicated by higher scores, with a maximum possible score of 33
b Chronic opioid use defined as two or more 30-day scripts within 60 days before or after the index date
c 1 ? claims in year before index date
d Excludes corticosteroid use concomitant with abiraterone
e ’Proportion of days covered’ refers to the number of days of supply of corticosteroids divided by the difference of the
number of days alive in the study and the number of days spent in inpatient or skilled nursing facility care
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to contextualize these results for clinical
application.

The study on which the approval of sip-
uleucel-T is based, the phase III IMPACT trial,
demonstrated that sipuleucel-T was associated
with a prolonged median overall survival com-
pared to placebo (25.8 months versus
21.7 months, P = 0.03) in men with a median
baseline PSA of 51.7 ng/ml [25]. Post-hoc results
of IMPACT also demonstrated that 3-year sur-
vival in the lowest baseline PSA quartile
(\22.1 ng/ml) was 62.6% for sipuleucel-T

patients and 41.6% for control patients, repre-
senting a 50% relative increase [32]. Further-
more, results from the post-approval PROCEED
registry (2011–2017) reported a median overall
survival of 30.7 months in men with a median
baseline PSA of 15 ng/ml, many of whom only
received sipuleucel-T treatment [31], similar to
the 35.2 months reported here with sipuleucel-
T.

During the current study period, sipuleucel-T
and ASPIs were indicated for use in men with
asymptomatic or minimally symptomatic
mCRPC without visceral metastases; we utilized
multivariable modeling techniques to control
for potential confounding variables and to
minimize the risk of selection bias. The ‘risk’
variables included in our overall survival mul-
tivariable analysis (e.g., presence of multiple
metastases, presence of SREs, Charlson Comor-
bidity Index score, chronic opiate use, and cor-
ticosteroid use) were all found to associate with
decreased survival (Table 2)–providing internal
validation that these covariates were prognostic
factors of disease. Race was also a significant
covariate, with black race being associated with
improved outcomes, a finding consistent with
previous studies [31–33]. Several key variables
(e.g., cancer-related pain) are not available and
have to be inferred on the basis of claims-level
data (e.g., opiate usage). Given that clear
assessment of symptoms was not present at
baseline given the nature of the analysis,
potential bias may exist as opiate use may not
be a complete surrogate for baseline symptoms.

The Medicare 100% database also revealed
significant variability in treatment patterns,
with[140 different patterns of care utilized in
the study population [34]. These data highlight
that mCRPC is an undertreated disease and that
while six approved therapies were available in
2014, many patients only received one line of
therapy (Fig. 3). Similar results were observed in
the analysis of a contemporaneous patient
population by George et al. [10]. Reasons for the
limited use of available treatment options war-
rant further exploration including an explo-
rations of patient preferences for sequencing
treatments and the financial burden of
sequencing multiple treatments.

Fig. 5 Direct adjusted survivor functions based on the
multivariable model by treatment. Panel a displays the
results from the first-line cohort, and Panel b displays the
results from the any-line cohort. Solid red lines reflect
patients receiving sipuleucel-T as per cohort. Blue dashed
lines reflect patients receiving androgen-receptor signaling
pathway inhibitors (ASPIs) as per the indicated cohort. In
the first-line cohort, patients could have received any agent
in subsequent lines. In the any-line cohort, patients
receiving ASPIs could not receive sipuleucel-T at any time
during the observation period. In both cohorts, patients in
the sipuleucel-T set exhibited improved overall survival
compared to those in the ASPI set
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Our initial results from a univariate analysis
from the Medicare dataset described here sug-
gested a 45% reduction in the risk of death and
14-month survival benefit with sipuleucel-T
[15]. We expanded these analyses to explore
outcomes using a multivariate analysis to eval-
uate the impact of sipuleucel-T on survival.
Here, we focused on two comparisons: (1) the
use of sipuleucel-T first line compared to the use
of an ASPI first line, including men who
received sipuleucel-T in the second-line or later;
(2) the use of sipuleucel-T any line compared to
an ASPI in any line without the use of sip-
uleucel-T. Both comparisons showed remark-
ably consistent results, with a similar
magnitude of survival benefit observed after
controlling for prognostic factors. This consis-
tency suggests the impact of selection bias may
be negligible.

Finally, an exploratory analysis assessing the
clinical effects of sipuleucel-T when given
sequentially or layered with an ASPI (sipuleucel-
T in first-line or second-line) in the treatment
paradigm revealed no difference in overall sur-
vival. Although this study was not designed to
assess equivalency, we conducted exploratory
analyses where we observed that inclusion of
sipuleucel-T in first line or second line with an
ASPI appeared to prolong survival in men with
prostate cancer compared to using a single ASPI
(alone) or a sequence of an ASPI followed by
second ASPI. These findings support the need
for further research to explore treatment
sequences and therapeutic layering.

Of note, the current database includes min-
imal information on adverse events. Histori-
cally, the reported adverse events with
sipuleucel-T have included short-lasting symp-
toms such as fever, headaches, chills, and
myalgia, suggesting that it is well tolerated [35].
The PROCEED registry reported 13.7% of men
had any serious adverse event and 2.8% had
cerebrovascular events [31]. Dores et al. (2019)
described adverse events reported in the FDA’s
adverse event reporting system between April
29, 2010, and December 31, 2017, a timeframe
that overlaps that of the current study [36].
Using this spontaneous safety surveillance
database for drug and therapeutic biologic
products, Dores et al. reported that events were

generally consistent with those described in the
prescribing information [36, 37]. When we look
at our surrogate for serious adverse events,
emergency department utilization for prostate
cancer per 100 patients in the first year was
11.6, 16.0, and 14.1 for men receiving sip-
uleucel-T, enzalutamide, and abiraterone acet-
ate, respectively.

The men described in the current retrospec-
tive study started their first treatment in 2014
and were followed for 36 months. Other
descriptions of treatment outcomes in contem-
poraneous populations of men with mCRPC
have been published recently: the observational
PROCEED safety registry conducted in the US
and described by Higano et al. [31], the analysis
of electronic health records from US oncology
practices curated by Flatiron and described by
George et al. [10], and the report of a prospec-
tive ex-US patient registry described by
Chowdhury et al. [38]. While not directly
comparable, George et al. [10] and Higano et al.
[31] may provide some clinical insight into the
patients in the current study as they include
contemporaneous and potentially overlapping
populations. George et al. [10] reported a med-
ian PSA at diagnosis of 22.3 ng/ml, with median
alkaline phosphatase, hemoglobin, and lactate
dehydrogenase levels of as 98 U/l, 12.3 g/dl, and
197 U/l, respectively. Higano et al. [31] reported
similar levels of median alkaline phosphatase,
hemoglobin, and lactate dehydrogenase (82 U/l,
12.8 g/dl, and 186 U/l, respectively, albeit with
a PSA of 15.0 ng/ml. Survival outcomes of
George et al. [10] and the current study were
similar: 22.97 months in our current study
(Fig. 4) and 23.7 months (95% CI 22.3–25.1) in
George et al. [10]. Higano et al. [31] reported
longer survival outcomes (30.7 months) in its
study of sipuleucel-T, possibly a reflection of the
lower median PSA in that population [32]. We
believe important insights can be drawn and
together these real-world studies may paint a
picture of treatment with the agents of interest
in this setting. Data from the current study and
both Higano et al. [31] and George et al. [10], all
from the US, exhibit similar outcomes, likely a
reflection of how available treatment guidelines
inform physician prescribing practices. In con-
trast, Chowdhury et al. [38] describe treatment
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in Europe and other countries where sipuleucel-
T is not available, and thus treatment guidelines
differ. Furthermore, each study is represented
by different types of data sources, each with
their own set of research assumptions and
biases.

The scope and quality of the Medicare 100%
linked Part A, B, and D data from CMS provide a
unique setting to facilitate research on a major
medical condition in the Medicare population.
We recognize that they do have significant
limitations that restrict their direct clinical
application [8, 9]. First, these data are at risk of
selection bias and confounding by indication
given that sipuleucel-T is approved for individ-
uals with no to minimal symptoms without
visceral metastases. By use of the multivariable
modeling approach, we tested variables avail-
able for inclusion in the model and included
significant ones. Second, the Medicare dataset
lacks clinical information including factors
known to be associated with survival (e.g.,
Eastern Cooperative Oncology Group perfor-
mance status, lactate dehydrogenase, albumin,
hemoglobin, prostate-specific antigen, and
alkaline phosphatase) preventing us from being
able to control for them [39]. Third, misclassi-
fication bias could also be present in an
administrative claims database of this magni-
tude. Treating physicians must provide detailed
and specific prior authorization factors to certify
that the patient matches the labeled indication
to obtain reimbursement for a Part-B drug (i.e.,
sipuleucel-T). This differs substantially from
what is required to prescribe a Part-D drug like
abiraterone or enzalutamide, which generally
has fewer coding requirements to gain approval
for use as treatment. As such, not all diagnostic
coding fields need to be completed to prescribe
Part-D drugs, potentially leading to an under-
reporting of metastatic status and other relevant
covariates, such as sites of metastases. Unfortu-
nately, this level of misclassification bias is
outside our ability to control for in the regres-
sion modeling. Fifth, claims datasets such as
this do not include safety assessments, aside
from indirect ones based on claims, precluding
their use in assessing safety. Finally, as this
dataset predominately includes those 65 years
and older, the outcomes observed may not be

generalizable to younger patients. These limi-
tations do not preclude the usefulness of these
data, but they do indicate the importance of
placing the study in the context of the available
literature [10, 31].

CONCLUSION

The Medicare 100% dataset provides a unique
opportunity to assess the real-world benefits of
the standard drugs in our mCRPC arsenal. We
demonstrate that the benefits of sipuleucel-T,
which were first described a decade ago, still
persist in the modern era of new treatments
resulting in a median OS of 36 months regard-
less of line of use. After controlling for con-
founders such as baseline differences between
groups by using a multivariable analysis, sur-
vival after sipuleucel-T treatment was signifi-
cantly longer than that observed after ASPI
treatment. Even given the potential limitations
associated with claims analyses, such as selec-
tion bias and confounding by indication, this
research provides important insights into real-
world treatment outcomes and is complemen-
tary with other recently published real-world
evidence analyses from other data sources
[10, 31, 38]. In summary, this analysis provides
important and hypothesis-generating informa-
tion on the treatment of mCRPC that should be
validated to contextualize these results for
clinical application.
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