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Eric Sherman, MD1,2; Roscoe Morton, MD11; Luc G.T. Morris, MD1; Zaineb Nadeem, MA1; Nora Katabi, MD1,2; Pamela Munster, MD9; and

Gary K. Schwartz, MD12

abstract

PURPOSE The androgen receptor (AR) is expressed (1) in a subset of salivary gland cancers (SGCs). This phase
II trial evaluated the efficacy of the antiandrogen enzalutamide in AR1 SGC.

METHODS Patients with locally advanced/unresectable or metastatic AR1 SGCs were enrolled. Enzalutamide
(160 mg) was given orally once daily. The primary end point was the best overall response rate per RECIST v1.1
within eight cycles. Confirmed responses in $ 5 of 41 patients would be considered promising. Secondary end
points were progression-free survival, overall survival, and safety.

RESULTS Forty-six patients were enrolled; 30 (65.2%) received prior systemic therapy, including 13 (28.3%)
with AR-targeted drugs. Of seven (15.2%) partial responses (PRs), only two (4.3%) were confirmed per protocol
and counted toward the primary end point. Twenty-four patients (52.2%) had stable disease; 15 (32.6%) had
progression of disease as best response. Twenty-six patients (56.5%) experienced tumor regression in target
lesions; 18 (39.1%) had partial response/stable disease $ 6 months. Tumor regressions were observed in
female patients (5 of 6 [83.3%]) and those who received prior AR– (6 of 13 [46.2%]) or human epidermal growth
factor receptor 2–targeted therapies (5 of 8 [62.5%]). Three patients remained on treatment at data cutoff
(duration, 32.2-49.8 months). The median progression-free survival was 5.6 months (95% CI, 3.7 to 7.5); the
median overall survival was 17.0months (95%CI, 11.8 to 30.0). Themost common adverse events were fatigue,
hypertension, hot flashes, and weight loss. Total and free testosterone levels increased by a mean of 61.2% and
48.8%, respectively, after enzalutamide.

CONCLUSION Enzalutamide demonstrated limited activity in AR1 SGC, failing to meet protocol-defined success
in part because of a lack of response durability. Strategies to enhance the efficacy of antiandrogen therapy are
needed.

J Clin Oncol 40:4240-4249. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Salivary duct carcinoma (SDC) is a salivary gland cancer
(SGC) characterized by androgen receptor (AR) ex-
pression: 67%-98% of SDCs are AR-positive (AR1)
with any degree of tumor staining by immunohisto-
chemistry (IHC).1-5 SDC is an aggressive malignancy
with a high rate of metastatic disease (50%-60%) and a
low 5-year overall survival (OS; 20%-43%).5,6 Other
SGCs that can express AR include adenocarcinoma,
carcinoma ex pleomorphic adenoma, mucoepidermoid
carcinoma, and basal cell adenocarcinoma.7,8

In 2018, Fushimi et al published the first prospective
trial evaluating in 36 patients with AR1 SGC combined
androgen blockade (CAB) with the gonadotropin-
releasing hormone agonist leuprolide acetate (andro-
gen deprivation therapy [ADT]) plus bicalutamide (AR
antagonist; antiandrogen), reporting an overall response
rate (ORR) of 42% and a median progression-free
survival (PFS) of 8.8 months.9 A phase II trial of the

cytochrome P450 17A1 (CYP17A1) inhibitor abirater-
one acetate, a second-generation AR therapy that
suppresses de novo adrenal steroidogenesis, with ADT
reported activity among 24 patients with castration-
resistant SGC (ORR 21%; median PFS 3.7 months),10

suggesting that prostate cancer (PCa) paradigms of
continuous AR dependence after resistance to hor-
monal therapy is relevant in some AR1 SGCs.

Antiandrogen monotherapy possesses clinical activity
in patients with PCa, potentially avoiding castration-
related toxicities such as bone loss, changes in lean
and fat body mass, and sexual dysfunction.11-14

Bicalutamide monotherapy has activity against AR1
SGCs in retrospective series15,16 although the efficacy
observed was lower than that of CAB.9 Enzalutamide is
a second-generation antiandrogen with 5- to 8-fold
greater affinity for AR compared with bicalutamide.
The drug also blocks AR nuclear translocation, in-
terferes with the recruitment of transcriptional
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coactivators, induces conformational changes that prevent
AR from binding target DNA sequences, and crosses the
blood-brain barrier.17

Two phase III trials demonstrated that enzalutamide with
castration improves OS in patients with castration-resistant
PCa.18,19 Another phase II trial showed that enzalutamide
monotherapy without castration has activity against
hormone-naive PCa: 92.5% of patients had$ 80% decline
in prostate-specific antigen and 50% with metastases had
structural response,13 with a minimal impact on bone
mineral density.12 By abrogating negative feedback loops in
the hypothalamus-pituitary axis stimulated by testosterone,
antiandrogen monotherapy also increases circulating
testosterone.12-14 This includes both free testosterone that
activates transcriptional programs in target tissues and the
inactive, bound fraction associated with albumin and sex
hormone-binding globulin. We conducted this phase II trial
to test the hypothesis that enzalutamide without castration
is effective in patients with AR1 SGC.

METHODS

Study Patients

This was an open-label, single-arm phase II trial of enza-
lutamide in patients with AR1 SGCs conducted through the
Alliance for Clinical Trials in Oncology and the National
Clinical Trials Network. Enrolled patients had a centrally
confirmed SGC diagnosis and AR expression by IHC. AR IHC
was performed with the monoclonal AR441 clone (Agilent
Dako);$ 5% immunostaining in tumor cells was considered
positive. RECIST v1.1 measurable, locally advanced/
unresectable disease (determined by a surgeon), or meta-
static disease was required. Any number of prior therapies
were allowed, including AR-targeted approaches except for
enzalutamide. Patients had to be$ 18 years old and have a
Eastern Cooperative Oncology Group performance status of
0 or 1. Exclusion criteria included prior brain metastases,
leptomeningeal disease, or seizures. Complete eligibility

criteria are given in the Protocol (online only). The study was
approved by the Central Institutional Review Board and
conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines. Written informed
consent was obtained from all patients. Patients were offered
consent to an optional correlative tissue substudy (to be
reported separately). The trial was registered at Clinical-
Trials.gov (identifier: NCT02749903).

Study Procedures

Enzalutamide 160 mg orally once daily was administered in
28-day cycles. Treatment was continued until disease
progression (PD), unacceptable toxicity, or patient/
physician decision to withdraw. Total and free testoster-
one levels were measured from peripheral blood before
enzalutamide, on day 1 of every even-numbered cycle up to
and including cycle 6, and within 30 days after the end of
treatment. Radiographic imaging was performed every
2 months for the first eight cycles and every three cycles
thereafter for RECIST v1.1 assessment. Adverse events
(AEs) were recorded throughout. Select AEs were solicited
at every visit, including fatigue, hot flashes, diarrhea, hy-
pertension, dizziness, seizures, edema, gynecomastia,
breast pain, and weight loss. In October 2017, the Protocol
was amended to allow patients previously treated with a
gonadotropin-releasing hormone agonist or antagonist to
continue these agents on study, recognizing that these
patients may be at higher risk of failing enzalutamide
monotherapy and continuing these drugs would be stan-
dard for patients with castration-resistant PCa. Three pa-
tients received ADT with enzalutamide on study.

Statistical Analysis

The primary end point was best overall response (BOR) rate
by RECIST v1.1 criteria within the first eight cycles (32
weeks). BOR consisted of complete responses (CRs) and
partial responses (PRs) confirmed on imaging performed
. 4 weeks apart. All patients who started enzalutamide were
evaluable for response. A Simon’s optimal two-stage design

CONTEXT

Key Objective
This trial evaluated the hypothesis that treatment with the antiandrogen enzalutamide alone can be effective for patients with

androgen receptor–positive salivary gland cancer (SGC).
Knowledge Generated
Enzalutamide alone was insufficient to produce significant, sustained tumor responses in patients with androgen receptor–

positive SGC. Analysis of enzalutamide outcomes among select patient cohorts yielded hypothesis-generating insights
into the impact of sex, prior therapies, tumor heterogeneity, and circulating testosterone on enzalutamide effectiveness
for patients with SGC.

Relevance
Future trials should focus on combining antiandrogens with androgen deprivation and biomarker development to optimize

these therapies for patients with SGC.
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was used to assess differences between an unacceptable 5%
BOR and a desirable 20% BOR. With a one-sided type one
error of 5% and a power of 90%, at least two confirmed CRs/
PRs were needed among the first 21 patients in the first stage
to justify a second stage accrual of 20 additional patients.$ 5
confirmed responses among 41 patients would be consid-
ered worthy of further investigation. Accruing an additional
10% of patients was allowed for potential ineligibility, can-
cellation, treatment violations, or other contingencies.

Secondary end points included PFS, OS, and AEs. The
Kaplan-Meier method was used to estimate PFS (from
study entry to PD or death) and OS (from study entry to
death). Patients who were event-free at last follow-up or
discontinued for reasons other than progression or death
were censored. AEs were graded according to Common
Terminology Criteria for AEs v4.0.

Data collection and statistical analyses were conducted by
the Alliance Statistics and Data Management Center. Data
quality was ensured by review of data by the Alliance
Statistics and Data Management Center and by the study
chairperson following Alliance policies. All analyses were
based on the study database frozen on April 22, 2021.

RESULTS

Patient and Disease Characteristics

Study enrollment was completed between September 2016
and July 2018. Ninety patients were preregistered to

evaluate AR and tumor histology (Fig 1). Forty-six patients
met pathologic criteria and were enrolled; all were evalu-
able for the primary end point. Baseline patient charac-
teristics are summarized in Table 1. The median age was
65.0 years; 93.5% were $ 55 years old. Six patients
(13.0%) were female. Forty-one patients (89.1%) had SDC.
Percent tumor cell positivity for AR by IHC and human
epidermal growth factor receptor 2 (HER2) status were
retrospectively assessed in a subset of patients: 71.4% of
analyzed cases (n5 35) had. 70% AR1 tumor cells and
27.3% of analyzed cases (n 5 33) had HER2 over-
expression (IHC 31; Data Supplement [online only]). Forty-
five patients (97.8%) had metastatic disease, with lung
being the most common site (65.2%). Thirty patients
(65.2%) had prior systemic therapy. Thirteen (28.3%)
received AR-targeted therapy before enrollment. Three
patients who received androgen deprivation before en-
rollment continued this therapy with enzalutamide.

Efficacy

By January 2018, two confirmed PRs were observed
among the first 21 patients, meeting the rule for second
stage accrual. After completion of study accrual, re-review
of the original target lesion (TL) measurements converted
one of the first-stage PRs to stable disease (SD). Details of
this case are given in the Data Supplement. Another
confirmed PR was observed in the second stage. In total,
two confirmed PRs (4.3%) were observed as of the data
cutoff of April 22, 2021 (Table 2); the durations of response

Assessed for eligibility (AR status
and tumor histology; N = 90)

Excluded
  No histologically confirmed AR-positive
     disease
  Failed other eligibility criteria
  Declined to participate

(n = 44)
(n = 37)

(n = 4)
(n = 3)

Treatment of oral enzalutamide,
160 mg once daily in 28-day cycles until

progression, toxicity, or withdrawal
(N = 46)

Discontinued therapy
  Because of PD
  Because of AEs
  To receive alternative therapy
  Withdrew consent after beginning protocol therapy

(n = 43)
(n = 39)
(n = 1)
(n = 1)
(n = 2)

Receiving enzalutamide at data freeze (n = 3)

Analyzed (n = 46)

FIG 1. Flow diagram. AE, adverse event; AR, androgen receptor; PD, disease progression.
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were 9.4 and 25.6 months. Five patients had decreased TL
sizes in the RECIST PR range that were deemed uncon-
firmed and did not count toward the primary end point
because (1) one confirmed PR was observed beyond eight

cycles and (2) four other patients experienced PD before
the initial PR could be confirmed. Twenty-four patients
(52.2%) had SD, and 15 (32.6%) had PD as BOR
(Table 2). The majority experienced tumor regression
(56.5% had any decrease in TL size [Fig 2A]), and 18
(39.1%) had PR or SD for $ 6 months (Fig 2B). The
median PFS and OS were 5.6 months (95% CI, 3.7 to 7.5)
and 17.0 months (95% CI, 11.8 to 30.0), respectively
(Figs 2C and 2D). Patients with a$ 6-month PFS (n5 18)
had superior OS compared with others (n5 28; 32.7 [95%
CI, 27.4 to not estimable (NE)] v 10.1 [95% CI, 6.5 to 27.6]
months, log-rank P 5 .0004; Data Supplement). Three
patients remained on enzalutamide, with a median treat-
ment duration of 44.2 months (range, 32.2-49.8; Fig 2B),
and 12 (26.1%) were alive at data cutoff. Details of the four
patients on study the longest are given in the Data Sup-
plement. Thirty-nine (84.7%) patients were removed be-
cause of PD, two (4.3%) because of consent withdrawal,
one (2.2%) because of an AE (stroke/encephalopathy,
unrelated to enzalutamide), and one (2.2%) because of
alternative therapy (Table 2).

Subgroups of Interest

We performed an unplanned analysis evaluating associa-
tions between enzalutamide benefit with %AR (percentage
of tumor cells positive for AR staining by IHC) and HER2
status in a subset of patients (Data Supplement). The two
patients with PRs had . 70% tumor cell AR positivity; for
HER2 overexpression, one was negative and the other was
positive. The$ 6-month clinical benefit rate (CBR; defined
as CR1 PR1 SD) was higher among patients with. 70%
AR1 tumor cells (52.0% v 20.0%; P 5 .0045) and whose
tumors lacked HER2 overexpression/amplification (45.8%
v 22.2%; P 5 0.0126; Data Supplement). Among 13 pa-
tients previously treated with AR therapy, six (46.2%) ex-
perienced tumor regression (Fig 2). BORs among this
group were one (7.7%) unconfirmed PR (on treatment for
181 months), nine (69.2%) SD, and three PD (23.1%).
Five (38.5%) were progression-free for $ 6 months
(Table 2 and Data Supplement). The median PFS for this
subset was 5.7 months (95% CI, 3.3 to NE) compared with
5.5 months (95% CI, 2.9 to 10.9) for those without prior AR
therapy (log-rank P 5 .8213; Data Supplement). Among
eight patients who received prior HER2-directed therapy,
enzalutamide produced regressions in five (62.5%), in-
cluding one confirmed PR (12.5%) and two unconfirmed
PRs (25.0%); four (50.0%) remained on treatment for
$ 6 months (Data Supplement). Among the six female
patients, all had SD, with five (83.3%) experiencing tumor
regression (–12% to –18.8%); four patients experienced
SD for $ 6 months (Table 2 and Data Supplement). The
median PFS was 7.7 months (95% CI, 5.7 to NE) for fe-
males compared with 4.6 months (95% CI, 2.9 to 7.5) for
males although the difference was not statistically signifi-
cant (log-rank P 5 .3693; Data Supplement). One female
patient remains on enzalutamide for . 49 months

TABLE 1. Baseline Patient Characteristics
Characteristic N 5 46

Age, years

Mean (SD) 67.1 (10.8)

Range 45-90

Median 65.0

$ 55 43 (93.5)

Sex

Female 6 (13.0)

Male 40 (87.0)

ECOG performance status

0 25 (54.3)

1 21 (45.7)

Prior lines of drug therapy

One or more 30 (65.2)

None 16 (34.8)

Prior AR-targeted therapy

All 13 (28.3)

Antiandrogen therapy alone 3 (6.5)

Androgen deprivation alone 1 (2.2)

Both 9 (19.6)

Stage at initial diagnosis

I-III 12 (26.1)

IVA-IVB 24 (52.2)

IVC 10 (21.7)

Distant metastases

Yes 45 (97.8)

No 1 (2.2)

Sites of metastases (n 5 45)

Lung 30 (65.2)

Bone 16 (34.8)

Others 24 (52.2)

Histologic subtype

SDC 41 (89.1)

Adenocarcinoma NOS 1 (2.2)

Carcinoma ex pleomorphic adenoma 3 (6.5)

Ex pleomorphic salivary duct 2

Ex pleomorphic epithelial-myoepithelial 1

Adenoid cystic carcinoma 1 (2.2)

NOTE. Data reported as No. (%) unless otherwise indicated.
Abbreviations: AR, androgen receptor; ECOG, Eastern Cooperative

Oncology Group; NOS, not otherwise specified; SD, standard deviation;
SDC, salivary duct carcinoma.
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of treatment (Data Supplement). Among the three patients
who continued ADT with enzalutamide, one experienced
minor regression. Outcomes among patients (1) with versus
without prior therapies and (2) with non-SDC pathologic
diagnoses are given in detail in the Data Supplement.

Toxicity, Dose Reductions, and Discontinuation

Table 3 lists the AEs observed in $ 5% of patients. The
most common AEs of any attribution were fatigue (89%);
hypertension (74%); hot flashes (48%); weight loss (46%);
dizziness (30%); diarrhea (28%); anorexia and anemia

(24% each); localized edema and breast pain (22% each);
and insomnia, gynecomastia, nausea, and decreased
lymphocyte count (17% each). Grade 3 AEs related to
enzalutamide (n 5 11) were hypertension and fatigue (9%
each), as well as maculopapular rash, nausea, and in-
creased alanine aminotransferase (2% each; Data Sup-
plement). One seizure (Grade 3) was unlikely related to
enzalutamide. None of the grade $ 4 AEs (n 5 8) were
related to enzalutamide (Data Supplement). One patient
died on study because of respiratory failure that was un-
related to enzalutamide. Seven patients (15.2%) required
dose reduction for toxicity.

Total and Free Testosterone

At baseline (n 5 42), the mean total testosterone con-
centration measured among male patients (n 5 37) was
309.09 ng/dL (range, 7.00-784.00 ng/dL) compared with
11.20 ng/dL (range, 7.00 to 21.00 ng/dL) among females
(n 5 5; Table 4). Although the female total testosterone
level is considered castrate (conventionally defined as
# 50 ng/dL), the female baseline free testosterone mean of
2.02 ng/dL (range, 0.29-7.00 ng/dL; n 5 4) is higher than
the 0.17 ng/dL cutoff for castration in some studies,20

suggesting that active testosterone might have been
available to engage AR.

Both total (n 5 36) and free testosterone levels (n 5 30)
increased by a mean value of 161.2% (range, –40.1% to
1411.9%) and 148.8% (range, –90.0% to 1407.5%),
respectively, at the first on-treatment measurement relative
to baseline. Among males, both total and free testosterone
levels increased (total: mean 166.9% [range, –40.1% to
1411.9%]; free: mean 155.9% [range, –90.0% to
1407.5%]), whereas in females, the mean total testos-
terone level increased by 114.9% (range, –7.1% to
142.9%) although the mean free testosterone level de-
creased by –14.9% (range, –44.8% to 0%). For two pa-
tients on ADT, the mean total testosterone level increased
by111.9% (range, 0% to123.8%) at week 4 although no
change in free testosterone was detected (Data Supple-
ment). Over time, testosterone levels continued to increase,
except for free testosterone in females and in patients on
ADT (Data Supplement). The degree of testosterone
change was not associated with clinical outcomes (Data
Supplement).

DISCUSSION

This trial tested the hypothesis that potent AR inhibition with
enzalutamide would be sufficient to elicit responses in
patients with AR therapy–naive and castration-resistant
SGC. Although seven (15.2%) patients met imaging cri-
teria for PR, only two (4.3% ORR) had confirmed PR. The
failure to achieve confirmed PR was due in part to a limited
duration of response. The median PFS of 5.6 months (95%
CI, 3.7 to 7.5), tumor regressions in 26 (56.5%) patients,
and 18 (39.1%) patients who were progression-free

TABLE 2. Study Outcomes
Outcome N 5 46

Best response

Confirmed PR 2 (4.3)

Unconfirmed PR 5 (10.9)

SD 24 (52.2)

PD 15 (32.6)

Progression-free for $ 6 months 18 (39.1)

Best response for patients on prior AR-targeted
therapy (n 5 13)

Unconfirmed PR 1 (7.7)

SD 9 (69.2)

PD 3 (23.1)

Progression-free for $ 6 months 5 (38.5)

Best response for patients on prior HER2-
directed therapy (n 5 8)

Confirmed PR 1 (12.5)

Unconfirmed PR 2 (25.0)

SD 2 (25.0)

PD 3 (37.5)

Progression-free for $ 6 months 4 (50.0)

Best response for female patients (n 5 6)

SD 6 (100)

Progression-free for $ 6 months 4 (66.7)

No. patients on treatment at data cutoff 3

Median treatment duration (months, range) 44.2 (32.2-49.8)

End of treatment reasons

PD 39 (84.7)

Withdrawal of consent 2 (4.3)

AEs/side effects 1 (2.2)

Alternative therapy 1 (2.2)

No. of patients alive 12 (26.1)

Median follow-up of living patients (months,
range)

34.7 (9.6-49.8)

NOTE. Data reported as No. (%) unless otherwise indicated.
Abbreviations: AE, adverse event; AR, androgen receptor; HER2,

human epidermal growth factor receptor 2; PD, disease progression;
PR, partial response; SD, stable disease.
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for$ 6 months suggest that some might have experienced
benefit, despite the low confirmed response rate. Three
patients at data cutoff were still on treatment for a median
duration of 44.2 (range, 32.2-49.8) months. Regardless, in
the context of superior outcomes observed with CAB9 and
abiraterone,10 the failure to meet prespecified targets for
efficacy suggests that use of enzalutamide monotherapy is
generally not justified in patients with AR1 SGC.

We anticipated that enzalutamide monotherapy could allow
patients to minimize castration-related AEs associated with
ADT. However, compared with the CAB SDC study,
enzalutamide produced higher rates of hot flashes (48% v
25%), gynecomastia (17% v 2.8%), and breast pain (22%
v 0%).9 Our trial might have captured more AR-related AEs

because the protocol mandated these toxicities be solicited
at every visit. Notably, hot flashes occurred at a higher rate
on this study compared with the PCa enzalutamide mon-
otherapy trial (48% v 18%, respectively) although the rate
of gynecomastia was lower (17% v 36%, respectively).13

The lower ORR observed with enzalutamide (4.3%)
compared with CAB in hormone therapy–naive patients
(41.7%) and with abiraterone in castration-resistant cases
(21%) may reflect the importance of androgen deprivation
for patients with AR1 SGC. Comparedwith CAB, the response
rate in a retrospective series of patients with AR1 SGC treated
largely with bicalutamide alone was lower (18%).15,16

The enzalutamide response rate is even lower than the
bicalutamide one, possibly because of inclusion of previously
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FIG 2. Enzalutamide efficacy in patients with AR1 SGC. (A) Waterfall plot of best percent change in tumor size from baseline by best response and prior AR-
targeted therapy. (B) Swimmer’s plot by prior AR targeted therapy and outcome. (C) KM curve of PFS. (D) KM curve of OS. aThough reduction of target lesions
met PR criteria, this patient had a BOR of PD due to the appearance of a new tumor. AR, androgen receptor; BOR, best overall response; KM Est, Kaplan-Meier
estimates; OS, overall survival; PD, disease progression; PFS, progression-free survival; PR, partial response; SD, stable disease; SGC, salivary gland cancer.
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treated patients on study. Enzalutamide increased total and
free testosterone levels in male patients, potentially hindering
AR inhibition. Whether enzalutamide plus ADT is more ef-
fective is unknown as only three patients continued ADT on
study, with one experiencing minor tumor regression.

There are also differences in the characteristics of the
patients enrolled on this trial compared with the CAB
study.9 The enzalutamide trial included more patients with
distant metastases (97.8% v 64%) and prior systemic
therapy (65% v 14%). The CAB trial enrolled only hormone
therapy–naive patients, whereas this study enrolled 13 with
prior AR therapy (28.3%). Of these, 6 (46.2%) experienced
tumor regression, including five (38.5%) who were
progression-free for $ 6 months, suggesting a degree of

continued AR dependence. The CAB trial also enrolled
proportionately more patients with$ 70% AR1 tumor cells
(83% v 71.4%). The CAB study found no statistically
significant difference in outcomes among patients with
$ 70% versus , 70% AR positivity,9 whereas the . 70%
AR1 group on this trial included the two patients with PR
and a higher $ 6-month CBR than the , 70% AR1 group
(52.0% v 20.0%; P 5 .0045; Data Supplement). Studies
with larger sample sizes are needed to more definitively
establish the relevance of %AR as a biomarker of AR
therapy benefit.

Castration resistance in PCa can be mediated by AR
amplification/mutation/RNA splice variants, upregulation of
intratumoral androgens, or co-occurring genetic alterations.21

The activity of abiraterone plus ADT in patients with castration-
resistant SGC suggests that increased tumor sensitivity to
castrate levels of testosterone is one form of SGC resistance.10

Given that 37.5% of patients still had PD as best response on
abiraterone, other mechanisms of castration resistance may
be important. SDCs can express AR-V7,22-24 an AR splice
variant associated with PCa castration resistance,25,26 al-
though the role in AR1 SGCs remains undefined.22-24,27

Approximately 29%-46% of SDCs have HER2 overexpression
or amplification, typically concomitant with AR
expression.6,22,28-32 AR andHER2 pathway crosstalk has been
explored in PCa and breast cancer models,33-37 with some
evidence that HER2 may mediate resistance to AR
targeting.35,37 Observing PR in a HER2-positive patient and
tumor regressions among those previously treatedwithHER2-
directed therapies suggests that AR targeting might have
some activity against HER2-overexpressed/HER2-amplified
tumors. However, the$ 6-month CBR was higher among the
HER2-negative group compared with HER2-positive (45.8%
v 22.2%, P 5 .0126; Data Supplement), suggesting the
possibility that high HER2 tumors may be less susceptible to
enzalutamide. Without data establishing the optimal treat-
ment for patients with AR1/HER21 SGC, the high rates of
response (. 60%) reported with HER2 therapeutic regimens
suggest that these approaches may be prioritized over AR
therapies for first-line treatment.38-40 Investigation of AR:HER2
crosstalk in SGCs is needed to identify biomarkers that could
be used to optimize treatment selection.

All six female patients likely experienced some enzalutamide
benefit with an overall median PFS that trended better than
that among male patients (Data Supplement). Female pa-
tients had a mean concentration of bioactive free testos-
terone above what is considered castrate. Still, these levels
were only approximately 8% of those detected in male
patients and did not increase with enzalutamide. These
lower testosterone levels might have provided a more fa-
vorable physiologic context for AR inhibition with enzaluta-
mide. Alternatively, other tumor-intrinsic factors enriched in
females that enhance enzalutamide susceptibility or trans-
late to less aggressive disease may explain the study out-
comes observed for this group.

TABLE 3. AEs Reported in $ 5% of Patients, Regardless of Attribution (N 5 46)

AE
Grade 1/2,
No. (%)

Grade 3/4,
No. (%)

Total,
No. (%)

Fatigue 37 (80) 4 (9) 41 (89)

Hypertension 25 (54) 9 (20) 34 (74)

Hot flashes 22 (48) 0 (0) 22 (48)

Weight loss 21 (46) 0 (0) 21 (46)

Dizziness 14 (30) 0 (0) 14 (30)

Diarrhea 13 (28) 0 (0) 13 (28)

Anorexia 11 (24) 0 (0) 11 (24)

Anemia 9 (20) 2 (4) 11 (24)

Localized edema 10 (22) 0 (0) 10 (22)

Breast pain 10 (22) 0 (0) 10 (22)

Insomnia 8 (17) 0 (0) 8 (17)

Gynecomastia 8 (17) 0 (0) 8 (17)

Nausea 7 (15) 1 (2) 8 (17)

Lymphocyte count decreased 7 (15) 1 (2) 8 (17)

Constipation 7 (15) 0 (0) 7 (15)

Hyperglycemia 6 (13) 1 (2) 7 (15)

Dyspnea 6 (13) 1 (2) 7 (15)

Pain 6 (13) 0 (0) 6 (13)

Aspartate aminotransferase
increased

6 (13) 0 (0) 6 (13)

Cough 6 (13) 0 (0) 6 (13)

Alkaline phosphatase
increased

5 (11) 1 (2) 6 (13)

Back pain 5 (11) 1 (2) 6 (13)

Pain in extremity 5 (11) 1 (2) 6 (13)

Vomiting 5 (11) 0 (0) 5 (11)

White blood cell decreased 4 (9) 1 (2) 5 (11)

Hyponatremia 3 (7) 2 (4) 5 (11)

Alanine aminotransferase
increased

3 (7) 1 (2) 4 (9)

Headache 3 (7) 1 (2) 4 (9)

Abbreviation: AE, adverse event.
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Enzalutamide produced a low response rate among pa-
tients with AR1 SGC. These data suggest that maximizing
antiandrogen benefit may require androgen deprivation.

Developing biomarkers to predict AR therapy benefit may
optimize how these drugs are used in the management of
patients with AR1 SGC.
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