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ABSTRACT

Introduction: Bicalutamide (BIC), a non-ster-
oidal anti-androgen, is FDA-indicated for use in
combination with a luteinizing hormone-re-
leasing hormone (LHRH) analog for treatment
of Stage D2 metastatic carcinoma of the pros-
tate. Lack of consensus exists regarding the
clinical benefit of BIC use, either alone or
combined use of BIC with an LHRH analog or
antagonist (combined androgen blockade or
CAB), versus treatment with androgen depriva-
tion therapy (ADT) alone.

Methods: The SEER-Medicare database was
used to identify prostate cancer patients
aged C 66 years diagnosed between 2007 and
2011 and who filled at least one prescription for
BIC. Duration of BIC treatment was assessed in
relation to ADT use; either alone (monother-
apy), as part of CAB only, and as part of CAB
followed by monotherapy. Additionally, we
assessed use of BIC during or outside a potential
testosterone flare prevention period (initiation
within 2 months of an LHRH agonist).
Results: A total of 7521 prostate cancer patients
who filled a prescription for BIC were identified.
Eighteen percent of the cohort used BIC alone,
over half the patients (54%) used BIC as part of
CAB and 27% used BIC as part of CAB followed
by monotherapy. Among men treated with BIC
as part of CAB, 58% received BIC only within
the potential flare period.
Conclusions: Although there is no FDA indica-
tion for BIC use as monotherapy,[44% of
patients in this study used BIC alone or as part
of CAB followed by monotherapy. Further
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research is necessary to understand the out-
comes of BIC utilization in these settings, par-
ticularly compared with newer second-
generation anti-androgens.
Funding: Medivation LLC, a Pfizer company,
and Astellas, Pharma, Inc.

Keywords: Bicalutamide; Non-steroidal anti-
androgen; Prostate cancer; Treatment patterns

INTRODUCTION

Prostate cancer is the third-leading cause of
cancer death in men in the USA, with an esti-
mated 29,430 deaths in 2018 [1]. Androgen
receptor signaling is a dependent-molecular
mechanism behind prostate cancer progression,
and thus androgen deprivation therapy (ADT) is
administered to men with advanced prostate
cancer [2]. Surgical ADT, or bilateral orchiec-
tomy, involves removal of the testes and sper-
matic cord [3] resulting in a more permanent
testosterone depletion. Medical or chemical
ADT involves chronic administration of
luteinizing hormone-releasing hormone
(LHRH) agonists or antagonists like Cerorelix,
Ganirelix, Abarelix, or Degarelix [4]. During the
first 1–3 weeks of LHRH-agonist therapy, the
therapies may cause a temporary increase in
testosterone, commonly referred to as a ‘‘flare’’
[5, 6]. Symptoms of a flare may include bone
pain, uremia, ureteral obstruction, and devel-
opment of neurologic sequelae, and the
increase in testosterone may lead to a rapid
progression of disease [7]. The use of medical or
surgical ADT in conjunction with a non-ster-
oidal anti-androgen is referred to as ‘‘combined
androgen blockade’’ (CAB) and attempts to
block androgens from all sources [6, 8]. The use
of CAB compared with ADT alone has been
controversial, with some meta-analyses of clin-
ical trials reporting improvement in overall
survival in patients treated with CAB and others
reporting inconclusive results with high fre-
quency of adverse health effects in CAB-treated
patients [8, 9]. A 2007 RCT study by Akaza et al.
showed that bicalutamide 80 mg offered a sig-
nificant overall survival benefit compared with
LHRH-agonist monotherapy without reducing

tolerability in patients with locally advanced or
metastatic prostate cancer [10].

Bicalutamide (BIC) is a non-steroidal, first-
generation anti-androgen FDA-indicated for use
in combination therapy with a LHRH analog
approved for the treatment of StageD2metastatic
carcinomaof theprostate.BICblocks theeffectsof
adrenal androgens at the androgen receptor to
potentially prevent testosterone flare. A recent
meta-analysis of both randomized clinical trials
and observational studies demonstrated a non-
statistically significant improvement in rates of
disease flare among men taking an androgen
suppressant and ananti-androgencomparedwith
androgen suppression alone [7, 11]. Additionally,
during and before this study period, no prospec-
tive randomized control trials have demonstrated
a survival advantage with CAB over the serial use
of a LHRH agonist and an anti-androgen [12].
Therefore, it is important to understand the
treatment patterns and characteristics of BIC use
within the prostate cancer population. The
objectives of this research were to identify a
cohort of BIC-treated elderly patients with pros-
tate cancer, characterize them with respect to
their disease severity, age, race, and presence of
comorbidities, and describe the patterns of BIC
use in relation to ADT.

METHODS

Data Sources

The SEER-Medicare database links cancer reg-
istry information in selected US geographic
areas with claims for covered health care ser-
vices of Medicare beneficiaries. The SEER pro-
gram represents approximately 28% of the US
population, whereas Medicare covers health
services for 97% of people aged 65 years and
older. About 55% of SEER patients are C age 65
and approximately 94% have been successfully
linked with their Medicare claims [13–15].
Geographic areas selected for inclusion in SEER
are based on adherence to operating and
maintaining a high-quality, population-based
cancer reporting system and specific patient
populations of interest [16]. The SEER-Medicare
database analytic variables include patient
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demographics at diagnosis (e.g., age and gen-
der), tumor characteristics, Medicare enroll-
ment information, International Classification
of Diseases, Ninth Revision, Clinical Modifica-
tion diagnoses and procedure codes, Healthcare
Common Procedure Coding System and Cur-
rent Procedural Terminology codes, and pre-
scription claims data.

Study Design and Population

Incident prostate cancer cases diagnosed between
January 1, 2007 and December 31, 2011 followed
until December 31, 2013, with claims data report-
ing at least one filled BIC prescription any point
after diagnosis were included in the study cohort
(Fig. 1). All patients were required to be enrolled in
Medicare parts A and B for the 12 months prior to
their diagnosis and at least 2 years after diagnosis
(or until death or the end of study observation).
These restrictions ensured that a modified Charl-
son comorbidity scores could be calculated to
capture comorbidity at diagnosis [17, 18] and that
complete claims information would be available.
Likewise, patients who were members of a Health
Maintenance Organization were also excluded
based upon same rational. Additional inclusion
andexclusion information is detailed in Fig. 1. The
Wayne StateUniversity Institutional ReviewBoard
determined that the study was Non-Human Par-
ticipant Research (HPR# 2015-48). Thus, this arti-
cle does not contain any studies with human
participants or animals performed by any of the
authors.

Statistical Analysis

The distribution of patient demographic and
clinical characteristics is presented in Tables 1
and 2, respectively. Prostate cancer treatments
administered as first- and second-line therapies
were described as ADT use, including both sur-
gical and chemical ADT, where surgical ADT was
defined as bilateral orchiectomy, and chemical
ADT was defined as the administration of
Leuprolide Acetate, Goserelin Acetate, Triptore-
lin, Histrelin (LHRH agonists), or Degarelix
(LHRH antagonist). As no formal time frame for
CAB treatment has been established [19], in this

study, CAB was defined as BIC use within
6 months of ADT based on clinical recommen-
dation. A sensitivity analysis was performed
using a 4-month window for CAB. Treatment
patterns for BIC use in relation to ADT adminis-
trationwere divided into 4 categories: (1) BIC use
alone as monotherapy (without ADT), (2) BIC as
part of CAB (with ADT), (3) BIC as part of CAB
followed bymonotherapy, and (4) other (BIC use
begun[ 6 months before orchiectomy or
chemical ADT and continued into CAB period).

Current National Comprehensive Cancer
Network guidelines recommend that BIC pre-
cede or be co-administered with LHRH agonists
for at least 7 days for testosterone flare preven-
tion [19] for men with metastatic disease. In this
study, the treatment for potential testosterone
flare is defined as C 1 prescription for BICwithin
2 months before or after LHRH agonist therapy
initiation. The 2-month window identifies
patients who may have filled their prescriptions
up to 35 days before LHRH agonist treatment
initiation, but not initiated until 30 days prior
[20–27]. To evaluate potential BIC used for
testosterone flare only, the CAB category was
stratified intoBICuse onlywithin ± 2 months of
LHRH agonist start. These time periods are dis-
played in Fig. 2. The BIC treatment duration was
calculated in terms of months from the first BIC
claim to the last BIC claim, plus the number of
days’ supply. ThedistributionofBICandADTuse
patterns were described overall and stratified by
metastatic disease at diagnosis (M0versusM1). In
addition, the median, mode, and range of
months of BIC use were calculated by treatment
category. All analyses were completed using SAS
v.9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Patient Characteristics

The majority of patients included in this study
were non-Hispanic white (71%) and lived in a
metropolitan area (81%) (Table 1). At the end of
the study follow-up period (December 31,
2013), 13% of the cohort had died of prostate
cancer and 14% had died from other causes
(Table 1).
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Most men (64%) had AJCC stage I–II cancer
at diagnosis and 76% had no metastases at
diagnosis. The Charlson Comorbidity Index
score was 0–1 for 72% of participants. Chemical

ADT was administered as primary treatment for
nearly three-quarters of the cohort. Radiation
was the primary second-line treatment used in

Fig. 1 Patient flow diagram
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Table 1 Demographic and clinical characteristics at diag-
nosis and treatment for prostate cancer patients that filled
a prescription for bicalutamide any time after diagnosis

n %

Total 7521

Age group (years)

65–69 1472 19.6

70–74 2136 28.4

75–79 1815 24.1

80–84 1314 17.5

85 ? 784 10.4

Race/ethnicity

Non-hispanic white 5320 70.7

Non-hispanic black 641 8.5

Hispanic 784 10.4

Non-hispanic Asian 401 5.3

Other/unknown 375 5.0

SEER region

Midwest 1044 13.9

Northeast 1510 20.1

South 1294 17.2

West 3673 48.8

Year of diagnosis

2007 1838 24.4

2008 1505 20.0

2009 1443 19.2

2010 1374 18.3

2011 1361 18.1

Rural status

Big metro/metro 6112 81.3

Urban/less urban 1221 16.2

Rural 188 2.5

Census tract poverty

0 to\ 5% poverty 1847 24.6

5 to\ 10% poverty 2020 26.9

Table 1 continued

n %

10 to\ 20% poverty 2039 27.1

20–100% poverty 1547 20.6

Unknown 68 0.9

Marital status

Single (never married) 631 8.4

Married (or equivalent) 4484 59.6

Separated 39 0.5

Divorced 385 5.1

Widowed 693 9.2

Unknown 1289 17.1

Vital status

Alive 5528 73.5

Death due to prostate cancer 977 13.0

Death due to other cause 1016 13.5

Months of follow-up

Mean (SD) 56.1 (0.2)

Median (range) 57 (0–83)

AJCC stage

I–II 4810 64.0

III 477 6.3

IV 1399 18.6

Unknown or NA 835 11.1

SEER stage

Local 5131 68.2

Regional 816 10.9

Distant 1,115 14.8

Unknown 459 6.1

Gleason grade

6 1037 13.8

7 2414 32.1

8 1409 18.7

9 1496 19.9
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28% of the cohort, followed by chemical ADT,
which was used by 12% of the cohort (Table 1).

Treatment Patterns and Duration

Table 2 includes the definitions used to classify
BIC treatment pattern categories in relation to
ADT as defined by BIC and ADT start and stop
dates, as illustrated in Fig. 2. Eighteen percent of
the cohort used BIC as monotherapy, with over
half of patients (54%) using BIC as part of CAB
and 27% using BIC as part of CAB followed by
monotherapy. Among men treated with BIC as
part of CAB, 58% (n = 2327) used BIC only
within 2 months of LHRH agonist start, which
may indicate use for testosterone flare only. A
small number of patients (n = 122) began BIC
treatment more than 6 months before bilateral
orchiectomy or chemical ADT start and con-
tinued on therapy within the study’s CAB win-
dow. These patients had the longest median BIC
treatment duration (29.7 months), followed by
the patients treated with BIC as part of CAB
followed by monotherapy (median 21.0 months
of BIC therapy). Patients receiving BIC
monotherapy persisted for a median of

Table 1 continued

n %

10 235 3.1

Unknown 930 12.4

Metastases at diagnosis

M0 5728 76.2

M1NOS 38 0.5

M1a 61 0.8

M1b 764 10.2

M1c 242 3.2

MX 688 9.2

Charlson comorbidity indexa

0 3398 45.2

1 1984 26.4

2 1041 13.8

3 ? 1098 14.6

Primary treatmenta

Radical prostatectomy 438 5.8

Radiation 699 9.3

ADT: surgical 87 1.2

ADT: chemical 5625 74.8

Chemotherapy 268 3.6

Abiraterone acetate \ 11

Enzalutamide \ 11

Flutamide 52 0.7

Sipuleucel-T \ 11

Radium 223 dichloride \ 11

BIC only and other 338 4.5

Second-line treatmentb

Radical prostatectomy 129 1.7

Radiation 2109 28.0

ADT: surgical 36 0.5

ADT: chemical 886 11.8

Chemotherapy 734 9.8

Table 1 continued

n %

Abiraterone acetate 80 1.1

Enzalutamide \ 11

Flutamide 83 1.1

Sipuleucel-T 30 0.4

Radium 223 dichloride \ 11

None or other 3423 45.5

ADT androgen deprivation therapy, NA not applicable,
NOS not otherwise specified
a Calculated using the standard SEER-Medicare macro
which is a modified version that excludes cancer diagnoses
b Primary treatment defined by the first treatment date
after diagnosis; secondary treatment defined by the first
date of a new treatment type
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Table 2 Definitions of BIC patterns in relation to androgen deprivation therapy

Category Definition

BIC monotherapy BIC prescription without any ADT

First and last BIC prescription more than 6 months before orchiectomy

Last BIC prescription (plus days supply) more than 6 months before the start of

chemical ADT

First BIC prescription more than 6 months after the end of chemical ADT

CAB First BIC prescription within 6 months before orchiectomy

First BIC prescription after orchiectomy

First BIC prescription within 6 months of chemical ADT start and last BIC

prescription (plus days supply) before 6 months after chemical ADT end

First BIC prescription after chemical ADT start and last BIC prescription (plus days

supply) before 6 months after chemical ADT end

CAB followed by monotherapy First BIC prescription within 6 months of chemical ADT start and last BIC

prescription (plus days supply) more than 6 months after the end of chemical

ADT

First BIC prescription after ADT start and before last BIC prescription (plus days

supply filled) plus 6 months; last BIC prescription more than 6 months after the

end of chemical ADT

Other First and BIC prescription more than 6 months before orchiectomy and continued

into CAB period

First BIC prescription more than 6 months before the start of chemical ADT and

continued into CAB period

Additional CAB variables

BIC only within 2 months of

LHRH agonist start

First BIC prescription within 2 months of LHRH agonist start and last BIC

prescription (plus days supply) within 2 months of LHRH agonist start

All other BIC and CAB use CAB with first BIC prescription more than 2 months before LHRH agonist start

CAB with first BIC prescription more than 2 months after LHRH agonist start

CAB with first BIC prescription within 2 months of LHRH agonist start and last

BIC prescription (plus days supply) more than 2 months of LHRH agonist start

CAB with BIC use within 6 months of orchiectomy or after orchiectomy

CAB with BIC use within 6 months of LHRH antagonist start and/or stop

CAB with a combination of BIC use and LHRH agonist and/or LHRH antagonist

and/or orchiectomy within 6 months of ADT start and/or stop

ADT androgen deprivation therapy, BIC bicalutamide, CAB complete androgen blockade, LHRH luteinizing hormone-
releasing hormone analog
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4.4 months, while the majority of all BIC
patients had only a median of 1 month of
therapy with CAB.

Compared to men without metastatic pros-
tate disease at diagnosis, more men diagnosed
with metastatic prostate cancer used BIC as part
of CAB followed by monotherapy (42 vs. 24%)
and fewer used BIC as part of CAB (41 vs. 56%).
Among metastatic patients who used BIC as part
of CAB, only 35% used BIC within 2 months of
LHRH agonist start, indicating a smaller pro-
portion of metastatic prostate cancer patients
using BIC during the ‘flare’ period than patients
without metastatic disease at diagnosis (61%).
Additional details about duration of BIC use can
be found in Table 3.

Sensitivity Analysis

With respect to a sensitivity analysis, expanding
the window between BIC prescription and ini-
tiation of LHRH agonist for CAB to a 4-month
window, the proportion of patients using BIC
monotherapy and CAB followed by monother-
apy increased (19 and 32%, respectively), while
the proportion of patients using BIC as part of
CAB decreased to 47% (Supplemental Table 1).

Among patients using BIC as part of CAB, a
greater proportion (66%) used BIC within the
potential testosterone flare prevention period.
These patterns were also observed when the
analyses were stratified by men diagnosed with
and without metastases at diagnosis (49 and
34% used BIC as part of CAB, respectively).

DISCUSSION

To our knowledge, this is the first study to
determine the demographic and clinical char-
acteristics of a cohort of elderly US prostate
cancer patients using BIC and to compare vari-
ous treatment patterns of BIC use alone, as part
of CAB, or as part of CAB followed by
monotherapy. Our study reported that greater
than 44% of prostate cancer patients used BIC
alone or as part of CAB followed by monother-
apy, for which there is no FDA indication.
Moreover, we found wide variation in the
duration of BIC use, but the majority of uti-
lization indicates relatively short durations of
treatment in prostate cancer patients initially
diagnosed with either M1 or M0 disease.

With low clinical benefit and weak clinical
evidence strength in multiple prostate cancer

Fig. 2 Bicalutamide treatment in relation to androgen deprivation therapy
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settings, BIC has weak recommendation
strength in several clinical guidelines [28–30]. A
recent systematic review of clinical flare after
LHRH agonist use identified a lack of historical
data demonstrating disease progression during
testosterone flare and hypothesized that anti-
androgen use for flare prevention may be
unnecessary [7]. In the largest randomized
controlled trial to date using BIC monotherapy

at high doses for early-stage prostate cancer,
there were indications of a delay in disease
progression, but no statistically significant
improvement in overall survival compared with
standard-of-care therapy [31]. Controlled clini-
cal trial data to support BIC use in patients with
castration-resistant prostate cancer are also
sparse, with little clinical benefit reported when
BIC was added to ongoing ADT [32–34]. Lastly,

Table 3 Patterns of bicalutamide use with androgen deprivation therapy*

n % Duration of BIC Treatment (months)a

Median Mode Range

All cases

BIC monotherapy 1348 17.9 4.4 1.0 0.2–83.3

Complete androgen blockade 4025 53.5 1.0 1.0 0.1–84.5

BIC only within ± 2 months of LHRH agonist start 2327 1.0 1.0 0.1–3.8

All other BIC and CAB use 1698 4.9 3.0 0.2–84.5

Complete androgen blockade, followed by monotherapy 2026 26.9 21.0 7.8 1.0–85.8

Otherb 122 1.6 29.7 1.8 1.8–87.3

Men diagnosed with M0 disease

BIC monotherapy 1056 18.4 4.3 1.0 0.2–83.3

Complete androgen blockade 3233 56.4 1.0 1.0 0.1–84.5

BIC only within ± 2 months of LHRH agonist start 1960 1.0 1.0 0.1–3.8

All other BIC and CAB use 1273 4.7 3.0 0.2–84.5

Complete androgen blockade, followed by monotherapy 1353 23.6 21.3 7.8 1.0–84.6

Otherb 86 1.5 30.1 12.0 1.9–87.3

Men diagnosed with M1 disease

BIC monotherapy 164 14.8 4.4 1.0 0.2–35.7

Complete androgen block 456 41.3 3.6 1.0 0.1–66.9

BIC only within ± 2 months of LHRH agonist start 160 1.0 1.0 0.1–2.9

All other BIC and CAB use 296 6.2 1.0 0.5–66.9

Complete androgen block, followed by monotherapy 465 42.1 18.3 16.6 1.0–83.9

Otherb 20 1.8 27.85 – 1.8–78.9

BIC bicalutamide, CAB complete androgen blockade, LHRH luteinizing hormone-releasing hormone analog, M0 patients
without metastatic disease at diagnosis, M1 patients with metastatic disease at diagnosis
a Duration calculated in months from the first BIC claim to the last BIC claim plus the number of days’ supply
b Defined in Table 2
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in a double-blind, placebo controlled, random-
ized clinical trial to examine the benefit of
adding 150 mg of BIC to men undergoing radi-
ation therapy with T2 and T3 disease observed
improved overall survival, lower prostate can-
cer-specific mortality, and lower incidence of
metastases [35]. The use of claims data to
determine non-US-approved 150-mg BIC use
coupled with radiation treatment is difficult due
to reliance on claim dates. However, in this
analysis, 21% of patients received only BIC
while also undergoing radiation treatment.

In the recent TERRAIN and STRIVE ran-
domized controlled trials that included castra-
tion-resistant prostate cancer patients, only
21–31% of those treated with BIC (while on
ADT) had a decline in their PSA of at least 50%
[2, 36]. In light of the newer and more effica-
cious anti-androgens available, monotherapy
BIC and the serial use of ADT followed by BIC
monotherapy observed in this cohort should
warrant future observational or controlled
studies for anti-androgen efficacy in these
treatment settings. This is important, as anti-
androgen withdrawal syndrome may occur after
discontinuation of BIC, causing a decline in PSA
that may lead to androgen receptor overex-
pression and induce disease progression [36]. In
such cases, BIC can function as an androgen
receptor partial agonist, which may induce dis-
ease progression [37, 38]. Enzalutamide, a
potent second-generation oral androgen recep-
tor inhibitor, was shown to have a statistically
significant reduced risk of death as well as dis-
ease progression in two large randomized con-
trol trials evaluating treatment either before or
after chemotherapy [39, 40]. Although a recent
observational study of 47 metastatic castration-
resistant prostate cancer patients treated with
enzalutamide observed anti-androgen with-
drawal syndrome in five patients (10.6%) after
discontinuation of enzalutamide therapy [41],
in contrast to BIC, enzalutamide does not have
agonist activity for the wild-type androgen
receptor [42, 43]. Furthermore, enzalutamide
impairs nuclear translocation of the androgen
receptor and DNA binding that can lead to
reduced expression of androgen-dependent
genes [42, 44].

There are multiple limitations associated
with this study. As the SEER registry only
records cancer stage at diagnosis, the post-di-
agnosis metastatic status of this cohort during
BIC use was unknown and cannot readily be
determined from administrative claims data.
Thus, patients could not be accurately charac-
terized as to whether BIC was used only in
patients with metastatic disease or non-meta-
static disease. Due to SEER-Medicare limita-
tions, we were not able to perform the study on
younger men; in addition, patient selection
biases (e.g., preservation of sexual function)
that were not assessed may have led to vari-
ability in observations. Moreover, we cannot
associate utilization with clinical intent of the
prescribing physician. Further, the STRIVE [36]
and TERRAIN [2] studies published in 2015 and
2016 were after the time period that data were
available for this analysis. This study does not
reflect clinician behavior following the publi-
cation of these trials. Additionally, no formal
recommendations have been made as to the
duration of CAB treatment. Clinical trials of
CAB have shown advantages of 3- and 6-month
treatment duration [45]. A formalized recom-
mendation for CAB treatment duration would
guide both clinicians and researchers in their
abilities to use and evaluate this therapy option.

CONCLUSIONS

Despite the absence of prospective randomized
control trial during and before the study period,
demonstrating an overall survival advantage
with BIC and no FDA indication for BIC
monotherapy, more than 44% of prostate can-
cer patients in this study used BIC alone or as
part of CAB followed by monotherapy. Given
the potential for adverse side effects after BIC
treatment, and in light of other more efficacious
second-generation anti-androgens currently
available, future studies evaluating the risks,
benefits, and outcomes associated with the BIC
treatment patterns identified in this study are
warranted.
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