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ABSTRACT

Introduction: Therapeutic options for meta-
static castration-resistant prostate cancer
(mCRPC) patients are continuously advancing.
We described mCRPC treatment patterns in the
US from 2013 to 2019.
Methods: Patients with a confirmed mCRPC
diagnosis and adenocarcinoma histology were
included in the US Flatiron Health Electronic
Health Record-derived de-identified database.
Treatment patterns [including treatment per
lines of therapies (LOTs), LOT sequences, and

time on treatment] and overall survival (OS)
have been described in mCRPC settings.
Results: Of 5213 patients (mean age:
72.6 years), 4374 (83.9%) were treated with C 1
LOT post-mCRPC diagnosis (among those
with C 1 LOT, 55.3%, 29.5%, 14.7%, and 6.7%
had C 2, 3, 4, and 5 LOTs, respectively). In first
line (1L), the main treatment class was next-
generation hormonal agents (NHA; 62.5% of
patients with C 1 LOT), while the shortest and
longest time on 1L were observed for
chemotherapy (median 2.8 months) and NHA
(median 5.1 months), respectively. The most
common LOT sequences were NHA ? NHA
(29.4% of patients with C 2 LOTs) and
NHA ? NHA ? chemotherapy (16.7% of
patients with C 3 LOTs). In Kaplan–Meier anal-
yses, the median OS was 19.4, 14.6, and
11.1 months post-1L, 2L, and 3L start, respec-
tively. Patients who moved rapidly through
LOTs had an increased risk of death.
Conclusions: NHA were widely used as 1L
therapy in mCRPC patients from 2013 to 2019,
but time on 1L NHA treatment was on aver-
age\6 months. While NHA ? NHA was the
most observed 1L ? 2L LOT sequence, a ple-
thora of other LOT sequences were observed. OS
was poor, highlighting an unmet need for life-
prolonging treatments.
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Key Summary Points

Why carry out this study?

Metastatic castration-resistant prostate
cancer (mCRPC) represents the most
advanced form of prostate cancer and is
associated with a poor prognosis.

Although therapeutic options for mCRPC
are rapidly advancing, there is limited
real-world data on contemporary
treatment patterns to benchmark the
changes and inform clinical practice.

To identify current gaps in the therapeutic
landscape, the present retrospective study
used a large oncology electronic medical
records database from the US to describe
treatment patterns among patients with
mCRPC during the study period spanning
from 2013 to 2019 (n = 5213).

What was learned from this study?

Post-mCRPC diagnosis, consecutive lines
of therapy (LOT) with next-generation
hormonal agents (NHA; e.g., abiraterone
and enzalutamide) were the preferred
treatment option in first and second line
(1L and 2L; 29.4% of patients with C 2
LOTs), followed by consecutive lines with
NHA and chemotherapy (16.5% of
patients with C 3 LOTs); beyond third line
(3L), there was an increasing dependence
on chemotherapy.

Treatment duration was short across all
LOTs (median:\6 months per LOT) and
median overall survival (OS) became
shorter with each successive LOT (median
OS estimated in Kaplan–Meier analyses:
19.4, 14.6, and 11.1 months post-1L, 2L,
and 3L start, respectively); approximately
50% of patients in the study did not
receive a subsequent LOT after 1L.

The study results highlight the aggressive
nature of mCRPC and the unmet need for
life-prolonging treatments in this
population of patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14744073.

INTRODUCTION

Prostate cancer (PC) is one of the most com-
monly diagnosed cancers and a leading cause of
death among men in the United States (US)
[1, 2]. Within 5 years of the PC diagnosis, an
estimated 10–20% of patients develop castra-
tion-resistant prostate cancer (CRPC) [3, 4].
Metastatic CRPC (mCRPC) represents the most
aggressive form of PC disease and is associated
with a poor prognosis [5]. Further, mCRPC is a
molecularly heterogeneous disease, with
approximately 20–30% of patients harboring
defects in DNA repair genes, including homol-
ogous recombination repair (HRR) gene alter-
ations [6].

Despite the availability of next-generation
hormonal agents (NHA; e.g., abiraterone and
enzalutamide) for the treatment of mCRPC, as
well as other therapies [e.g., sipuleucel-T (Sip-T)
immuno-oncology, radium-223, cabazitaxel]
[7], treatment response is short-lived due to
tumor resistance [8], and patient median overall
survival (OS) remains B 2 years [9–11]. How-
ever, the therapeutic landscape for mCRPC is
poised to change with the 2020 approval of
polyadenosine diphosphate–ribose polymerase
inhibitors (PARPi), including olaparib and
rucaparib, for patients harboring HRR gene
alterations who have progressed on prior treat-
ments [12, 13].

In the Phase 3 PROfound trial [12], 387
patients with mCRPC who progressed on NHA
and had alterations in at least 1 of 15 HRR genes
(e.g., BRCA1/2, ATM, CDK12, FANCA, PALB2)
were randomized to either olaparib or a physi-
cian’s choice of NHA (i.e., abiraterone or enza-
lutamide). Among patients with alterations in
BRCA1/2 or ATM, olaparib improved the pri-
mary endpoint of imaging-based progression-
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free survival (PFS) compared to physician’s
choice of NHA (median PFS: 7.4 vs. 3.6 months)
[12]. In the single arm TRITON2 clinical trial
(n = 209 patients with HRR-mutated mCRPC)
[14, 15], an objective response rate of 44% was
obtained among 115 patients with BRCA1/2-
mutated mCRPC treated with rucaparib after
progression on androgen receptor-directed
therapy and taxane chemotherapy.

Based on the results of these two trials, ola-
parib and rucaparib were the first PARPi to be
approved by the US Food and Drug Adminis-
tration (FDA) in May 2020: olaparib was
approved for use in mCRPC patients with at
least 1 of 14 HRR gene alterations, including
BRCA1/2 alterations, who progressed on prior
therapy with abiraterone or enzalutamide;
rucaparib was approved for use in mCRPC
patients with BRCA1/2 alterations who have
progressed on prior NHA and taxane
chemotherapy. Both agents were also included
in the v2.2020 NCCN Clinical Practice Guide-
lines In Oncology (NCCN Guidelines�): ola-
parib as a Category 1 recommended therapy
post-abiraterone or enzalutamide for mCRPC
patients with alterations in 14 HRR genes, and
rucaparib as a Category 2A recommended ther-
apy for mCRPC patients with BRCA1/2 alter-
ations post-androgen receptor-directed therapy
and taxane-based therapy [16].

While PARPi are expected to change the
treatment landscape among eligible mCRPC
patients harboring HRR gene alterations, there
is limited real-world data on the treatment
patterns of these patients in the pre-PARPi era to
benchmark the changes. Although real-world
treatment patterns after mCRPC diagnosis have
been evaluated in a few recent studies in the US
[10, 11, 17–19], multiple knowledge gaps
remain [10, 11]. First, line of therapy (LOT)
sequences described in these prior studies do
not go beyond the third line (3L) in the mCRPC
setting. Second, treatment patterns were
described at agent level only [10, 11], while
analyses at treatment class level could provide a
broader perspective, particularly as novel PARPi
are available to patients who have responded
inadequately to specific classes of treatments
(e.g., NHA). Third, information regarding the
duration of treatments is lacking for specific

LOT sequences, including the time on and off
treatments. Finally, there is a need for updated
real-world OS estimates in this population,
including the impact of the number of LOTs on
patients’ OS. The present study provides a con-
temporary account of real-world treatment
patterns among mCRPC patients in the US that
addresses these limitations, with the aim of
identifying current treatment gaps that newly
emerging therapies could fill. The study focuses
on treatment patterns among all patients with
mCRPC (given that no targeted treatment
options were approved for patients harboring
HRR gene alterations during the 2013–2019
study period, the treatment patterns in the
overall mCRPC population will serve as proxy
for the treatment patterns of patients with
mCRPC harboring HRR gene alterations in the
pre-PARPi era).

PATIENTS AND METHODS

Data Source

Adults diagnosed with mCRPC were included
from January 1, 2013 to March 31, 2019 based
on the US Flatiron Health Electronic Health
Record (EHR)-derived de-identified database, an
oncology EHR database that has been previ-
ously used to investigate treatment patterns and
outcomes in mCRPC [10, 11, 20]. The US Fla-
tiron Health database is a longitudinal database,
comprising de-identified patient-level struc-
tured and unstructured data, curated via tech-
nology-enabled abstraction [21]. Patients in
Flatiron data were shown to be similar in sex
and geographical distribution to patients in US
cancer registries, such as the Surveillance, Epi-
demiology, and End Results Program or the
National Program of Cancer Registries, but
appeared to be diagnosed with later stages of
disease and had different age distribution com-
pared to patients in the cancer registries [22].

The Flatiron Health EHR-derived de-identi-
fied database [21] includes normalized data
elements (e.g., demographics, diagnoses, visits,
laboratories/vitals results, medication adminis-
tration/orders/prescriptions, performance sta-
tus), insurance), enhanced data elements
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curated specifically for the mCRPC target pop-
ulation (e.g., date of the initial PC diagnosis,
cancer stage at the initial PC diagnosis Gleason
score at the initial PC diagnosis, date of first
metastasis, date of CRPC diagnosis, and LOTs),
and month/year of death.

All database records were statistically de-
identified and certified as fully compliant with
US patient confidentiality requirements out-
lined in the Health Insurance Portability and
Accountability Act of 1996. Since this study
relied exclusively on de-identified patient
records and did not involve the collection, use,
or dissemination of individually-identifiable
data, institutional review board approval was
not necessary.

Study Design and Population

A retrospective longitudinal observational
cohort design was used (Supplemental Fig. 1).
The study sample included males aged 18 years
and older with mPC and CRPC diagnoses
between January 1, 2013 and March 31, 2019
and adenocarcinoma histology (Supplemental
Fig. 2). The date of mCRPC diagnosis was
defined as either the date of mPC or the date of
CRPC diagnosis, whichever came later. If the
mPC date preceded the CRPC date, the patient
was assumed to have transitioned to mCRPC
from the metastatic hormone-sensitive PC
clinical state (mHSPC); if the CRPC date pre-
ceded the mPC date, the patient was assumed to
have transitioned to mCRPC from the non-
metastatic CRPC clinical state (nmCRPC).

Baseline characteristics were measured from
the initial PC diagnosis to the mCRPC diagnosis
date, as recorded in the EHR data. Patients were
followed from the mCRPC diagnosis date to the
end of observed clinical activity in Flatiron data
or death. All patients had at least 1 month of
follow-up post-index by design (Supplemental
Figs. 1, 2). No minimum number of docu-
mented treatments was required at study entry.

Outcomes and Measurements

Patient demographic and clinical characteristics
were measured during the baseline period and

at the index date, based on information avail-
able in the normalized and enhanced Flatiron
Health EHR-derived de-identified data. The
proportion of patients treated at oncology cen-
ters in community settings versus academic
centers was reported.

Treatment patterns pre-mCRPC diagnosis
included the different classes of treatments used
between the PC diagnosis and mCRPC diagno-
sis, both overall and during relevant pre-
mCRPC clinical states [i.e., non-metastatic
hormone-sensitive PC (nmHSPC), mHSPC, and
nmCRPC clinical states]. A clinical states model
has been previously used to track the progres-
sion of disease from the initial PC diagnosis to
mCRPC diagnosis and to identify patient pop-
ulations most in need of treatment [23–25].

Treatment patterns post-mCRPC diagnosis
included the number of observed LOTs per
patient, LOT sequences post-mCRPC diagnosis
by treatment class (identified using a PC-specific
proprietary algorithm [21]), regimens by LOT
(class and agent-level), time between the date of
mCRPC diagnosis and first line (1L) start, and
time on and off treatment for LOTs by class. The
number of observed LOTs per patient were
evaluated both overall and among the subgroup
of patients who died during the study period.
For the latter, the number of observed LOTs per
patient was not affected by censoring due to
end of data availability, and thus provides a
more accurate picture of the total number of
LOTs the patient received before succumbing to
the disease.

For the regimens by LOT analyses, the fol-
lowing five treatment groups were analyzed at
class level: NHA (i.e., abiraterone, enzalutamide,
apalutamide, and darolutamide), chemotherapy
(e.g., docetaxel, cabazitaxel), Sip-T, and other
therapy (i.e., thalidomide, bcg vaccine, nivolu-
mab, atezolizumab, lenolidomide, durvalumab,
ipilimumab, pembrolizumab, targeted thera-
pies, radium-223, and clinical study drugs; non-
NHA hormonal therapies or bone therapy
agents were not included in concordance with
the LOT algorithm), as well as any combina-
tions of the four classes above.

For all classes of therapy, time on a given
LOT was defined as the time from the first
order/administration to the last order/
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administration of the agents in the LOT (for
chemotherapy, this definition is conservative,
as the full cycle of the last administration was
not included), irrespective of censoring. Simi-
larly, time off treatment was defined as the time
between the last order/administration for a
given LOT and the first order/administration for
the next LOT. Given that the last LOT observed
may be censored due to the end of data avail-
ability and thus underestimated, the proportion
of patients with last LOT censored is also
reported. When the last LOT was an IV therapy,
censoring was defined as end of data availability
due to end of clinical activity or death within 62
days of the last administration of the IV ther-
apy; when the last LOT was an oral therapy,
censoring was defined as end of data availability
within 90 days of the last day supply of the oral
therapy.

Finally, OS was assessed by LOT, after the
start of 1L, 2L, and 3L, respectively, accounting
for censoring. Further, we also assessed whether
patients who move rapidly through multiple
LOTs have worse OS than patients who advance
slower through multiple LOTs.

Statistical Analysis

Baseline characteristics and treatment patterns
were analyzed using descriptive statistics [i.e.,
proportions, means, standard deviations (SD),
medians, and interquartile ranges (IQR)]. The
median time on and off treatment (months)
and the corresponding IQRs were assessed
across patients’ LOT sequences based on the
patients’ observed time on/off treatment during
the study period, irrespective of censoring.

OS was analyzed using time to event analyses
among patients who did not have other primary
malignancies occurring concurrently with
mCRPC, and who did not participate in ran-
domized control trials (RCT). This analysis
relied on a composite mortality variable descri-
bed previously [26]. Kaplan–Meier (KM) analy-
ses were used to assess OS after 1L, 2L, and 3L
start and to derive median OS and OS rates.
Patients without a death event after each LOT
start were censored at the end of observed
clinical activity in Flatiron Health EHR-derived

de-identified data. In addition, we reported
results from a multivariate Cox proportional-
hazards regression model that assessed the
impact of LOT number post-mCRPC diagnosis
(i.e., 1L, 2L, 3L or 4L ? ; modeled as time-de-
pendent exposure) adjusted for the following
covariates measured at or before mCRPC diag-
nosis (modeled as fixed or time-independent
covariates): age, time from initial PC diagnosis
to mCRPC diagnosis, ECOG performance status,
disease progression to mCRPC, Gleason score,
hemoglobin level, lactose dehydrogenase level,
albumin level, serum alkaline phosphatase
level, prostate-specific antigen (PSA) level, site
of metastasis, opioid use, cancer stage, prosta-
tectomy/surgery, and radiation. The hazard
ratios for this time-dependent exposure com-
pared the risk of death between patients who
had more versus fewer LOTs at each point in
time post-mCRPC diagnosis, adjusting for
potential confounders. Univariate Cox regres-
sion models were also performed for both the
main exposure and each covariate.

All analyses were performed using SAS
Enterprise Guide v.7.1 (SAS Institute, Cary, NC,
USA).

RESULTS

Baseline Characteristics

Of 6883 patients with a mCRPC diagnosis in the
database between 2013 and 2019, a total of
5213 patients were included in the mCRPC
study sample (Supplemental Fig. 2). The mean
time from the initial PC diagnosis to the
mCRPC diagnosis was 5.8 years and the mean
time from the start of clinical activity to the
mCRPC diagnosis was 2.2 years (Table 1). The
mean age of the patients was 72.6 [median 74]
years and the majority were White (76.3%;
Table 1). Most patients were managed in
oncology centers in the community setting
(91.3 vs. 8.7% in academic setting), while about
half were from the South (50.5%) and had
unknown cancer stage at the initial PC diagno-
sis (43.9%; Table 1), which is reflective of the
Flatiron Health network rather than the US
population overall [22]. At the time of the
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Table 1 Baseline characteristics of patients with mCRPC

Characteristicsa n 5 5213

Age at mCRPC diagnosis date, years, mean

[median]

72.6 [74]

Race, n (%)

Patients with known race 4765 (91.4)

White 3638 (76.3)

Others 517 (10.8)

Black or African Americans 511 (10.7)

Asian 86 (1.8)

Hispanic or Latino 13 (0.3)

Ethnicity: Hispanic or Latino, n (%) 299 (5.7)

Year of mCRPC diagnosis date, n (%)

2013 413 (7.9)

2014 816 (15.7)

2015 937 (18.0)

2016 1003 (19.2)

2017 1070 (20.5)

2018 847 (16.2)

2019 (Q1) 127 (2.4)

Patient’s region of residence, n (%)

Patients with known region 4723 (90.6)

South 2383 (50.5)

West 856 (18.1)

Northeast 750 (15.9)

Midwest 734 (15.5)

Practice type, n (%)

Community-based 4762 (91.3)

Academic 451 (8.7)

Time to mCRPC diagnosis date, years, mean [median]

From initial PC diagnosis 5.8 [3]

From clinical activity startb 2.2 [2]

PC characteristics at the initial PC diagnosis

Cancer stage, n (%)

Patients with stage known 2925 (56.1)

Stage I–III 641 (21.9)

Table 1 continued

Characteristicsa n 5 5213

Stage IV 2284 (78.1)

Gleason score, n (%)

Patients with Gleason score known 4349 (83.4)

B 6 (low risk) 412 (9.5)

7 (intermediate risk) 1068 (24.6)

C 8 (high risk) 2869 (66.0)

PC characteristics at the mCRPC diagnosis datec

ECOG performance status

Patients with ECOG test, n (%) 1930 (37.0)

ECOG score of 0–1 1614 (83.6)

ECOG score C 2 316 (16.4)

Laboratory test results, mean [median] (% patients tested)

Hemoglobin level (g/dL) 12.3 [13] (58.3)

Lactose dehydrogenase (U/L) 247.0 [195]

(12.5%)

PSA laboratory value (ng/mL) 130.9 [18]

(92.8)

Serum albumin (g/L) 40.1 [41] (55.3)

Serum alkaline phosphatase (U/L) 146.9 [90]

(56.8)

ECOG Eastern cooperative oncology group, EHR electronic

health record, mCRPC metastatic castration-resistant prostate

cancer, PC prostate cancer, PSA prostate-specific antigen, SD

standard deviation
a Comorbid conditions are not reported in the current study

because they are underreported in EHR data from oncology

centers
b Clinical activity included any recorded interactions between

the patient and a healthcare provider, including visits, use of

therapies (e.g., oral or immuno-oncology, androgen depriva-

tion therapy, radiopharmaceuticals, medication orders, and

administrations) or laboratory tests, vital assessments, ECOG

performance assessments, progression events, as well as death
c Evaluated on the date closest to the mCRPC diagnosis date

in the 3 months prior to or on the mCRPC diagnosis date
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initial PC diagnosis, most patients had Stage IV
PC (78.1%) and a Gleason score of C 8 (66.0%;
Table 1). At the date of mCRPC diagnosis, most
patients had an ECOG performance status score
of 0–1 (83.6%) and mean PSA value of 130.9 ng/
mL (median: 18 ng/mL; Table 1).

Treatment Patterns Pre-mCRPC Diagnosis

Most treatments observed between the PC
diagnosis and the mCRPC diagnosis were hor-
monal therapies (77.6% of patients in the study
sample, including first-generation anti-andro-
gen therapy [63.6% of patients in the study
sample], luteinizing hormone-releasing hor-
mone (LHRH) agonists [34.4%], and NHA
[21.1%]). Besides hormonal therapy, other
treatment classes used before the mCRPC set-
ting were other therapy (29.4%; largely
accounted for by bone therapy agents),
chemotherapy (12.4%), and Sip-T (1.7%)
(Table 2).

Treatment patterns before the mCRPC set-
ting were found to differ based on the PC clin-
ical state (Table 2). Among patients diagnosed
with mHSPC before mCRPC (n = 3784, 72.6%),
hormonal therapy was the most used therapy in
both the nmHSPC and mHSPC clinical states
(21.7% and 63.5%, respectively), while NHA
were more commonly used by patients in the
mHSPC clinical state (14.9 vs. 1.1% in nmHSPC
clinical state). Chemotherapy and other therapy
were rare (\1.0% of patients used each agent)
in the nmHSPC clinical state, but more com-
mon in the mHSPC clinical state (14.3% and
36.7%, respectively), whereas Sip-T was rare in
both states (B 1.4%). Among patients diagnosed
with the nmCRPC before mCRPC (n = 1365,
26.2%), hormonal therapy was the most com-
monly used therapy both in the nmHSPC and
nmCRPC clinical states (52.6% and 57.8%,
respectively), however with a different break-
down for the use of first-generation anti-an-
drogens and NHA across the nmHSPC and
nmCRPC clinical states: first-generation anti-
androgens were more common in the nmHSPC
clinical state than in the nmCRPC clinical state
(46.7 vs. 27.7%), while NHA were less com-
monly used in the nmHSPC clinical state than

in the nmCRPC clinical state (4.0 vs. 34.1%).
The remaining treatment classes were rare in
both states, although they appeared to have
slightly higher utilization in the nmCRPC clin-
ical state (2.5–6.4 vs. B 2.1% in nmHSPC).
Among patients with mPC and CRPC diagnoses
documented at the same time (n = 64, 1.3%),
hormonal therapy was the most commonly
used therapy (53.1%).

Treatment Patterns Post-mCRPC Diagnosis

LOT Sequences
Of 5213 patients, 4374 (83.9%) were treated
with C 1 LOT post-mCRPC diagnosis. Among
those patients with C 1 LOT observed after the
mCRPC diagnosis, 2419 (55.3%) were treated
with C 2 LOTs, 1292 (29.5%) with C 3 LOTs,
645 (14.7%) with C 4 LOTs, and 292 (6.7%)
with C 5 LOTs (Fig. 1). For 44.8% and 39.2% of
patients with one and two LOTs only, respec-
tively, a subsequent LOT was not observed
because of censoring due to end of data avail-
ability. Furthermore, a large proportion of
patients died after only one or two LOTs.
Among the 2383 patients for whom death was
observed during the study period, 957 (40.2%)
died after one LOT, 625 (26.2%) died after two
LOTs, 388 (16.3%) died after three LOTs, 230
(9.7%) died after four LOTs, and 183 (7.7%) died
after five LOTs.

Multiple distinct LOT sequences were
observed post-mCRPC diagnosis; among
patients with C 2 observed LOTs the most
common 1L ? 2L sequences were NHA ? NHA
(29.4%) and NHA ? chemotherapy (16.5%);
among patients with C 3 LOTs, the most com-
mon sequence was NHA ? NHA ? chemother-
apy (16.7%; Fig. 2).

Regimen by LOT
Post-mCRPC diagnosis, NHA regimens were the
most common regimens in earlier LOTs,
whereas chemotherapy regimens were most
common in later LOTs (Fig. 3). Specifically, at
the agent level (Fig. 3), the most used regimens
in 1L and 2L were abiraterone (34.8% and
22.2%, respectively) and enzalutamide (29.6%
and 28.9%, respectively), while docetaxel
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monotherapy was the most used regimen in 3L
(23.2%). The most used regimens in 4L and 5L
were cabazitaxel (25.3% and 22.6%, respec-
tively) and docetaxel (19.2% and 10.6%,
respectively).

Treatment Duration by LOT Sequence
and Class
The median duration of time on and off treat-
ment per LOT is presented in Fig. 2 for the most
common LOT sequences. Among patients
with C 1 LOT, the shortest and longest time on
1L, respectively, were observed for 1L
chemotherapy (median 2.8 months across all
patients with 1L chemotherapy) and 1L NHA

(median 5.1 months). Among patients with C 2
LOTs (1L ? 2L), the shortest and longest med-
ian time on 1L and 2L combined, respectively,
were observed for chemother-
apy ? chemotherapy (5.2 months) and Sip-
T ? NHA (12.1 months); the longest median
time off treatment was after 1L chemotherapy
(1.5 months). Finally, among patients with C 3
LOTs (1L ? 2L ? 3L), the shortest and longest
median time on 1L, 2L, and 3L combined,
respectively, were observed for
NHA ? chemotherapy ? chemotherapy
(9.1 months) and NHA ? NHA ? combination
of classes (16.6 months); the longest median
time off treatment was after 1L chemotherapy

Fig. 1 MCRPC treatment patterns: number and propor-
tion of patients by line of therapy and treatment class. 1L
first line, 2L second line, 3L third line; 4L fourth line; 5L
fifth line; LOT line of therapy, mCRPC metastatic
castration-resistant prostate cancer, NHA next-generation

hormonal agent, Sip-T sipuleucel-T. 1. Other therapy
classes include thalidomide, bcg vaccine, nivolumab,
atezolizumab, lenolidomide, durvalumab, ipilimumab,
pembrolizumab, targeted therapies, radium-223, and clin-
ical study drugs
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(1.4 months). Although time on treatment was
reported as median across all patients, some
regimens/LOTs showed higher individual vari-
ability than others in time on treatment (e.g.,

IQR for time on treatment for 1L NHA vs. 1L
chemotherapy: 2.4–10.6 vs. 1.4–4.0 months,
respectively; Supplemental Table 1). A more
detailed description of median [IQR] time on

Fig. 2 mCRPC treatment sequences: time on and time off
treatment. 1L first line, 2L second line, 3L third line;
Chemo chemotherapy, Combo combination therapy, LOT
line of therapy, mCRPC metastatic castration-resistant
prostate cancer, NHA next-generation hormonal agent,
Sip-T sipuleucel-t. *For Sip-T only the start date is
available in the data, and thus we cannot distinguish

between time on and off treatment for this agent. 1. Only
the top 10 sequences are shown (of a total of 25 observed
1L? 2L sequences and 97 observed 1L? 2L? 3L
sequences; of note, there are a total of 25 possible
sequences for 1L? 2L and a total of 125 possible
1L? 2L? 3L sequences by combining 5 treatment
classes across 2 and 3 LOTs, respectively)
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treatment is provided in Supplemental Table 1
(by class) and Supplemental Table 2 (by agent),
respectively.

Overall Survival

The median OS became shorter after each new
LOT start (19.4 months post-1L, 14.6 months
post-2L, and 11.1 months post-3L start;
Fig. 4A–C). Furthermore, the unadjusted and
adjusted Cox regression models showed that the
more LOTs a patient completed up to a given
point in time post-mCRPC diagnosis, the higher

their hazard of death compared to patients who
were still on 1L at that point in time (Table 3).
After adjusting for potentially confounding
factors, the hazard of death became progres-
sively higher as the number of LOTs increased
[HR (95% CI) for patients with 0 LOTs: 0.86
(0.76, 0.97); 2 LOTs: 1.31 (1.17, 1.47); 3 LOTs:
1.92 (1.66, 2.23); 4 LOTs: 3.19 (2.71, 3.76); all
p\0.05]. In the multivariate Cox regression
model, other factors associated with increased
hazard of death included older age, shorter time
from the initial PC diagnosis to the mCRPC
diagnosis, high-risk Gleason score, higher
ECOG performance status, use of opioid therapy
in the pre-mCRPC setting, and abnormal labo-
ratory test results at mCRPC diagnosis, includ-
ing higher levels of PSA (Table 3).

DISCUSSION

The findings of this real-world study indicate
that consecutive LOTs with NHA were the pre-
ferred 1L and 2L treatment options among
mCRPC patients during the 2013–2019 study
period, with increasing use of cytotoxic
chemotherapy beyond 2L. Approximately half
of the patients had C 2 LOTs observed, and the
median treatment duration was typi-
cally\6 months per LOT. Median OS became
shorter with each successive LOT (median OS:
ranged from 19.4 months from start of 1L to
death to 11.1 months from 3L to death), and
patients who moved rapidly through multiple
post-mCRPC LOTs had poorer OS compared to
those who stayed longer on 1L. Taken together,
these findings highlight the aggressive nature of
mCRPC and the need for more effective novel

Fig. 3 Top 51 most common regimens (agent level) by
lines of therapy. 1L first line, 2L second line, 3L third line,
4L fourth line; 5L fifth line; mCRPC metastatic castra-
tion-resistant prostate cancer, Sip-T sipuleucel-T. 1. Top 5
regimens at an agent level out of a total of 100 regimens
observed in 1L, 123 regimens observed in 2L, 94 regimens
observed in 3L, 78 regimens observed in 4L, and 66
regimens observed in 5L

bFig. 4 Overall survival for patients with mCRPC.
A Overall survival after 1L start. B Overall survival after
2L start. C Overall survival after 3L start. Number of
patients still observed at the specific point in time: 1040
patients participating in clinical trials or having a diagnosis
of another cancer were excluded from the analysis; 466
patients participating in clinical trials or having a diagnosis
of another cancer were excluded from the analysis; 300
patients participating in clinical trials or having a diagnosis
of another cancer were excluded from the analysis
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Table 3 Univariate and multivariate association of potential confounders and mortality among patients with mCRPC

Univariate regression analysis Multivariate regression analysis

Overall survival (all patients,

n 5 4436)

Overall survival (all patients,

n 5 4436)

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

LOT post-mCRPC diagnosis (time-dependent covariate)

LOT post-mCRPC diagnosis (ref: 1L)

Patient had not yet initiated treatment 0.78 (0.69, 0.88) \0.001* 0.86 (0.76, 0.97) 0.013*

2L 1.31 (1.17, 1.47) \0.001* 1.31 (1.17, 1.47) \0.001*

3L 1.92 (1.66, 2.22) \0.001* 1.92 (1.66, 2.23) \0.001*

4L? 3.07 (2.62, 3.60) \0.001* 3.19 (2.71, 3.76) \0.001*

Baseline characteristics (fixed covariates)

Age (per year increase) 1.03 (1.02, 1.03) \0.001* 1.03 (1.03, 1.04) \0.001*

Time from initial PC diagnosis to mCRPC (per year increase) 0.99 (0.98, 0.99) \0.001* 0.98 (0.97, 0.99) 0.003*

Pre- mCRPC clinical states (ref: first mPC, then mCRPC)

First nmCRPC, then mCRPC 0.88 (0.80, 0.97) 0.009* 0.99 (0.89, 1.11) 0.923

Metastatic and CR diagnosed at the same time pre-mCRPC 0.70 (0.48, 1.04) 0.075 0.84 (0.57, 1.25) 0.401

Stage IV vs. stages I–III at initial PC diagnosis 1.31 (1.14, 1.51) \0.001* 0.98 (0.82, 1.16) 0.784

High-risk Gleason at initial PC diagnosis

(score 9–10) vs. lower risk Gleason (score B 8)

1.28 (1.16, 1.40) \0.001* 1.20 (1.09, 1.33) \0.001*

ECOG performance statusa at mCRPC diagnosis C 2 vs. 0–1 2.12 (1.80, 2.49) \0.001* 1.68 (1.42, 1.99) \0.001*

PSA laboratory test at mCRPC diagnosis (ref:\4 ng/mL)

4–9 1.03 (0.87, 1.22) 0.726 1.00 (0.84, 1.18) 0.956

10–49 1.42 (1.23, 1.64) \0.001* 1.28 (1.10, 1.48) 0.001*

C 50 2.20 (1.91, 2.54) \0.001* 1.71 (1.47, 1.98) \0.001*

Other laboratory tests at mCRPC diagnosis

Hemoglobin level (ref: C 14 g/dL)

\10 3.90 (3.14, 4.84) \0.001* 1.92 (1.53, 2.40) \0.001*

10–13 1.57 (1.31, 1.87) \0.001* 1.20 (1.01, 1.44) 0.043*

Serum alkaline phosphatase (ref: 44–146 U/L)

\44 0.78 (0.55, 1.12) 0.182 0.87 (0.61, 1.25) 0.451

C 147 2.72 (2.42, 3.06) \0.001* 1.98 (1.75, 2.24) \0.001*

Serum albumin\34 vs. C 34 g/L 2.76 (2.27, 3.36) \0.001* 1.77 (1.44, 2.17) \0.001*

Lactose dehydrogenase (ref: 105–332 U/L)

\105 0.29 (0.04, 2.06) 0.216 0.60 (0.08, 4.32) 0.615

C 333 2.23 (1.68, 2.96) \0.001* 1.42 (1.06, 1.89) 0.018*

Opioid use pre-mCRPC diagnosis 1.43 (1.28, 1.61) \0.001* 1.36 (1.20, 1.54) \0.001*
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treatments that prolong survival among
patients with mCRPC.

The present study described treatment across
the continuum of the patients’ PC disease. Pre-
mCRPC diagnosis, chemotherapy was more
common in metastatic states (i.e., mHSPC) than
non-metastatic states (i.e., nmHSPC and
nmCRPC), which is consistent with the NCCN
Guidelines� for recommended treatments in
the pre-mCRPC setting during the study period
and thereafter [16, 27–31]. As of 2018, the FDA
has expanded its approval of NHA to the pre-
mCRPC setting, including the use of abi-
raterone and enzalutamide for mHSPC [32–34]
and apalutamide and enzalutamide for
nmCRPC [33, 35]. Consistent with this, about
one in five patients in the present study
received NHA in the pre-mCRPC setting overall,
ranging from\5% in mHSPC clinical states to
34.1% in the nmCRPC clinical state. Given
these high rates observed over the study period
spanning from 2013 to 2019, it is also possible
that NHA were being used off-label prior to their
FDA approval for the pre-mCRPC setting. The
emerging use of NHA in the pre-mCRPC setting
may limit the benefits of NHA for the treatment
of mCRPC, primarily due to the risk of acquired

resistance and cross-resistance associated with
repeated NHA use [36, 37]. However, this is less
likely to be a concern among patients harboring
HRR gene alterations, since they may benefit
from a wider range of novel treatment options
post-NHA (i.e., PARPi) compared to patients
without HRR mutations.

Post-mCRPC diagnosis, the most common
regimens by class were NHA, chemotherapy
(i.e., docetaxel), and Sip-T, which is generally
consistent with NCCN Guidelines for recom-
mended treatments in the post-mCRPC setting
during the study period and thereafter
[16, 27–31, 38]. In the present study, the pre-
dominant treatment class in 1L and 2L was NHA
(e.g., abiraterone and enzalutamide), followed
by chemotherapy (i.e., docetaxel). This pattern
appears more consistent with later NCCN
Guidelines (2017 onward) that include the use
of NHA as category 1 recommended treatments
irrespective of prior docetaxel therapy
[16, 28–31], whereas earlier guidelines primarily
recommended NHA as treatment options for
patients in the post-docetaxel setting or for
those who are not candidates for docetaxel
[27, 38]. Further, the present findings align with
those of prior real-world studies by George et al.

Table 3 continued

Univariate regression analysis Multivariate regression analysis

Overall survival (all patients,

n 5 4436)

Overall survival (all patients,

n 5 4436)

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

Type of primary treatment at initial PC diagnosis

Prostatectomy/surgery 0.71 (0.64, 0.79) \0.001* 0.91 (0.79, 1.05) 0.197

Radiation 0.94 (0.85, 1.04) 0.213 0.97 (0.85, 1.11) 0.644

CI confidence interval, CR castration resistance, ECOG Eastern Cooperative Oncology Group, HR hazard ratio, mCRPC metastatic

castration-resistant prostate cancer, nmCRPC non-metastatic castration-resistant prostate cancer, PC prostate cancer, PSA prostate-

specific antigen, ADT androgen-deprivation therapy
a ECOG performance status: (0) fully active, able to carry on all pre-disease performance without restriction; (1) restricted in physically

strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house work, office work; (2)

ambulatory and capable of all self-care but unable to carry out any work activities; up and about more than 50% of waking hours; (3)

capable of only limited self-care; confined to bed or chair more than 50% of waking hours; (4) completely disabled; cannot carry on any

self-care; totally confined to bed or chair; not documented (ECOG values of 5 are dropped)

*P value\0.05
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[10] and Higano et al. [11] that used the same
data source to assess patients during an earlier
time period (2013–2017). Whereas these two
prior studies did not describe treatment patterns
beyond 3L [10, 11], the present study shows an
increasing reliance on chemotherapy agents in
3L and beyond. Specifically, docetaxel was the
most common regimen in 3L, whereas cabazi-
taxel became the agent of choice beyond 3L.

In the present study, approximately 50% of
patients did not receive a subsequent LOT after
1L, which is similar to the results of prior ret-
rospective studies based on EHR data [10, 11].
Among patients with multiple LOTs, the most
common LOT sequences post-mCRPC diagnosis
were NHA ? NHA (in patients with C 2 LOTs)
and NHA ? NHA ? chemotherapy (in patients
with C 3 LOTs), which reflects the increasingly
common use of consecutive NHA in real-world
settings [10, 11]. Interestingly, the duration of
1L NHA was longer among patients treated with
NHA ? NHA than patients treated with
NHA ? chemotherapy. These findings suggest
that physicians may be seeking to maximize the
benefits of NHA treatment, specifically among
patients who responded to initial NHA therapy.
However, given the increasingly common use of
NHA in the pre-mCRPC setting, these post-
mCRPC treatment patterns may change in the
future.

The median duration of treatment in the
present study was typically\6 months (e.g.,
median duration of 1L: ranging from
2.8 months with chemotherapy to 5.1 months
with NHA), which is consistent with previous
findings reported by George et al. [10]; in par-
ticular, George et al. observed a median time on
treatment of 5.4 months for IL abiraterone and
5.8 months for 1L enzalutamide, which further
shortened with each successive LOT [10]. These
median durations of NHA treatment are shorter
than those observed in pivotal RCTs of enzalu-
tamide and abiraterone, which ranged between
8.3 and 16.6 months for enzalutamide and
between 8.0 and 13.8 months for abiraterone
[39–42]. Several factors may explain the shorter
duration of NHA treatment in the current study
compared with the RCTs. First, a relatively high
proportion of patients included in this real-
world study used NHA in pre-mCRPC settings.

As more patients receive NHA in the earlier
settings, the treatment patterns and subsequent
time on treatment will likely evolve. Second,
longer treatment durations in RCTs may also
reflect the inclusion of patients with less severe
disease compared to real-world populations
[43, 44]. Consistent with this, some RCTs of the
safety and efficacy of NHA had selected patients
that were treatment-naı̈ve and asymptomatic or
minimally symptomatic with lower ECOG per-
formance status (e.g., scores B 1) [39, 42], while
other RTCs had excluded patients with serious
nonmalignant comorbidities [41]. Further,
Gleason scores tended to be lower in the RCTs
compared to the present study population (i.e.,
Gleason scores C 8: * 50 vs. 66% of patients)
[40, 41]. Finally, patients in RCTs generally
show better adherence, persistence, and com-
pliance to therapy [43, 44], which may have
also contributed to the longer duration of NHA
treatment compared to real-world studies.
Future studies should further elucidate the
shorter duration of NHA treatment in real-
world studies compared with RCTs.

The present study builds upon prior research
by assessing treatment duration by therapeutic
class rather than at the agent level, and by
accounting for the impact of LOT sequencing
on outcomes. In the analysis of treatment
durations across specific LOT sequences, the
present study observed considerable variation
in time on treatment across patients, with 1L
NHA showing higher individual variability
compared to 1L chemotherapy (IQR for time on
treatment: 2.4–10.6 vs. 1.4–4.0 months, respec-
tively). The time on 1L and 2L therapy com-
bined was longer for NHA ? NHA compared to
the NHA ? chemotherapy, although the time
on treatment within LOT sequences tended to
become shorter overall post-1L. While censor-
ing may have been a concern in the present
study, we note that treatment durations were
short across all LOTs, including those that were
observed to completion.

To our knowledge, the present study is the
only analysis of the impact of LOTs on OS
among mCRPC patients that accounts for
changes in LOTs as a time-dependent covariate.
This type of analysis clearly demonstrates that
patients who moved more rapidly through
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multiple LOTs had a higher hazard of death at a
given time point post-mCRPC diagnosis com-
pared to those who had fewer LOTs at that time
point. Prior studies have mainly focused of the
impact of specific treatment sequences on OS
among patients with mCRPC and were subject
to several limitations [45–48]. First, they pri-
marily focused on patients who had been trea-
ted with NHA and cabazitaxel in different
sequences following progression on docetaxel, a
treatment sequence that is no longer represen-
tative of current mCRPC treatment approaches
[45–49]. The present study in turn captures a
contemporary sample of patients with higher
utilization of NHA. Second, studies comparing
specific regimen sequences may be subject to
confounding due to unmeasured clinical factors
that influence regimen choices. An analysis of
the impact of LOT number on OS, irrespective
of the regimens used in each LOT, avoids this
type of bias. Finally, prior studies did not
account for censorship and the time-dependent
nature of LOT changes post-mCRPC diagnosis.
While one prior study did use a Cox regression
model to assess the impact of LOT on OS, the
LOTs were included as fixed variables in the
model [47].

One of the main challenges in the treatment
of mCRPC is the molecular heterogeneity of the
disease [50, 51]. With the approval of PARPi,
more treatment options have become available
in 2020 for patients with HRR-mutated mCRPC
who have progressed on conventional therapy
[12, 13, 52]. Although consecutive NHA are
currently the most common treatment
sequence in 1L and 2L, the PROfound trial has
shown a clear survival advantage with
NHA ? olaparib among patients with alter-
ations in at least 1 of 14 HRR genes, including
BRCA1/2, following progression on NHA [12].
Moreover, patients with BRCA1/2 gene alter-
ations may benefit from rucaparib following
progression on androgen receptor-directed
therapy and taxane chemotherapy [53]. The
availability of novel targeted therapies such as
PARPi now provide a rationale for routine test-
ing of appropriate patients for HRR mutations
per clinical guidelines [31].

The present study had certain limitations.
First, treatment selection in 2L and later lines is

typically based on pre-existing patient charac-
teristics (e.g., fitness level, response to prior
LOTs), which may have influenced treatment
outcomes; further, certain clinically important
patient characteristics (i.e., comorbidities) were
underreported in EHR data and, therefore,
could not be adjusted for in the multivariate
regression model for OS. Second, some patients
may have received care outside the Flatiron
Health network during the study period; in
particular, treatments early in the course of PC
disease may not have been fully captured for
patients who had received their initial PC
diagnosis outside the Flatiron Health network.
Third, for most patients who did not die during
the study period, censoring due to end of data
availability underestimated the time on treat-
ment associated with the patient’s last observed
LOT. Fourth, LOTs were inferred from patterns
of treatment administrations/orders recorded in
the EHR data, and therefore occasional mis-
classification may have occurred. Fifth, disease-
specific mortality data was not available in the
database. Finally, the data used in this study are
mostly drawn from community oncology prac-
tices and may not be representative of academic
research centers.

CONCLUSION

In this real-world study in the US, consecutive
LOTs with NHA remained the preferred treat-
ment option. Despite a large number of LOT
sequences beyond 1L, most patients died after
one or two LOTs, highlighting a significant
unmet need. The therapeutic landscape for
mCRPC is continuing to evolve and treatments
aimed at addressing the molecularly hetero-
geneity of the disease have emerged. In partic-
ular, recently approved PARPi may improve
clinical outcomes and prolong survival among
eligible patients. Updated NCCN Guidelines
recommending genomic testing for HRR gene
alterations among appropriate patients [31],
combined with growing physician awareness of
the importance of genetic testing in guiding
treatment choices, have the potential to further
transform the treatment patterns in mCRPC.
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