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LESSONS LEARNED

• Androgen receptor as assessed by immunohistochemistry is expressed in a high proportion of patients with hepatocellu-
lar carcinoma (HCC).

• Enzalutamide at 160 mg orally daily is safe and tolerable in patients with advanced HCC but has no single-agent anti-
tumor activity.

• Enzalutamide, a CYP3A4 inducer, at a standard dose of 160 mg reduces the exposure of sorafenib, a CYP3A4 substrate.
• Enzalutamide and sorafenib is safe and tolerable in patients with advanced HCC, but the addition of enzalutamide to

sorafenib did not enhance the antitumor activity of sorafenib.

ABSTRACT

Background. Androgen receptor (AR) interference is delete-
rious to hepatocellular carcinoma (HCC) in preclinical
models.
Methods. This is a multicenter, phase Ib study of
enzalutamide � sorafenib in patients with advanced HCC.
In part 1, a 3 + 3 dose de-escalation design with expansion
established the recommended phase II dose (RP2D) of enzaluta-
mide in patients in whom sorafenib treatment had failed. In
part 2, a 3 + 3 dose escalation with expansion established
the safety of enzalutamide with sorafenib in treatment-
naive patients with HCC. Secondary objectives included objec-
tive response rate (ORR), progression-free survival (PFS), overall
survival (OS), pharmacokinetics (PK), and determination of
AR expression by immunohistochemistry. A 7-day run-in
with sorafenib alone in part 2 allowed assessment of the
impact of enzalutamide on sorafenib pharmacokinetics.

Results. In part 1, 16 patients received enzalutamide 160 mg
daily. No dose-limiting toxicity (DLT) occurred; 1 patient
required dose reduction. Responses were not observed;
median PFS and OS were 1.8 (95% confidence interval
[CI]: 1.6–3.6) and 7 (95% CI: 3.6 to not reached [NR])
months, respectively. In part 2, patients received sorafenib
400 mg daily (4) or twice a day (8) both with enzalutamide at
the recommended phase II dose—no DLTs were observed.
ORR was 10% (95% CI: 0.3–44.5), and median PFS and OS
were 2.9 (95% CI: 1.6 to NR) and 6.7 (95% CI: 4.6 to NR)
months, respectively. Enzalutamide reduced sorafenib expo-
sure by 60%. Tumor AR expression did not associate with
outcome.
Conclusion. Enzalutamide is ineffective in HCC; further devel-
opment is not supported by this study. The Oncologist 2020;25:
e1825–e1836
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DISCUSSION

Ample data indicate that the transcriptional factor AR
promotes hepatocarcinogenesis and blocking AR by mul-
tiple methods leads to HCC growth suppression [1,
2]. However, preclinical and clinical studies suggest that
reduction of circulating androgens and thereby AR inacti-
vation in a ligand-dependent context is insufficient to
produce antitumor effects [1]. Thus, pharmacologic inter-
ference with ligand-independent AR activation and AR
nuclear translocation may be required to impair HCC
growth [1]. Clinical evaluation of the selective AR antago-
nist, enzalutamide, in patients with treatment-refractory
advanced HCC is therefore warranted. As AR signaling
also drives angiogenic signaling pathways, combination
treatment with enzalutamide and the antiangiogenic
multitargeted inhibitor, sorafenib, in advanced HCC is
also worth evaluating [3–6]. Thus, this is a multicenter,
open label, phase Ib study of enzalutamide with or with-
out sorafenib in patients with advanced HCC with Child-
Pugh class A liver function.

At the time of the study conception and conduct, the only
drug available for the treatment of advanced HCC was
sorafenib [7]. In part 1, we assessed the safety of enzalutamide
in patients with HCC in whom prior sorafenib had failed.
Given the tolerability and the dose de-escalation design,
all 16 patients received the standard 160 mg orally daily dose
of enzalutamide. There was no single-agent antitumor activity

in either AR-positive or AR-negative patients. Emerging preclin-

ical and translational data confirm our important clinical find-

ings. Since the completion of the study, it is now apparent that

that innate resistance to enzalutamide in HCC may be medi-

ated by compensatory feedback AKT-MTOR activation [4] and

AR splice variants, known to be insensitive to AR antago-

nism [8].
In part 2, the combination of sorafenib and

enzalutamide in treatment-naive patients also exhibited

limited antitumor activity and certainly was not greater

than what has been reported previously for sorafenib

monotherapy [7]. Although sorafenib, a CYP3A4 substrate,

is predicted to be cleared by enzalutamide, a CYP3A4

inducer, available clinical data supporting a meaningful

drug–drug interaction are conflicting [9, 10]. Thus, a 7-day

sorafenib run-in was embedded into part 2 of the study to

measure the steady-state sorafenib PK and compare this

with sorafenib PK on enzalutamide. We documented a

clear drug–drug interaction—enzalutamide reduced

sorafenib Cmax and Area under the curve, 0 – 8 hours

(AUC0–8hr) by 59% and 60%, respectively. Given the totality

of these data, opening the combina$tion expansion cohort

was not pursued and the study was terminated [11–14]
(Fig. 1). Further development of enzalutamide in HCC as

single agent or in combination with sorafenib is not

warranted.

Figure 1. Efficacy and outcomes for advanced HCC patients treated with enzalutamide +/− sorafenib. Waterfall plot (A) and pro-
gression-free survival (B) of enzalutamide. Waterfall plot (C) and progression-free survival (D) of enzalutamide and sorafenib.
Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease.
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TRIAL INFORMATION

Disease Hepatocellular carcinoma

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy No designated number of regimens

Type of Study Phase I, 3 + 3

Primary Endpoints Safety, tolerability, recommended phase II dose

Secondary Endpoints Efficacy, pharmacokinetics, correlative endpoint

Additional Details of Endpoints or Study Design
Dose Escalation Design: For Part 1: Three patients will be enrolled at enzalutamide 160 mg daily. If no DLTs are
observed, an additional three patients will be enrolled for confirmation of safety. If zero out of six or one out of six
DLTs are observed, then 160 mg will be defined as the dose to move forward as the recommended phase II dose
(RP2D). If two out of three or two out of six DLTs are observed, we will de-escalate to 120 mg and again follow the
3 + 3 design. Upon defining the RP2D, 10 additional patients receive the enzalutamide at the RP2D to further assess
safety, obtain additional PK analysis, and explore efficacy in the second-line setting. In total, 16 patients were
enrolled into part 1.

Dose Escalation Design: For Part 2: A dose escalation scheme will be used whereby patients will be treated in sequential
cohorts of three. If no patients experience a DLT at dose level 1 in an initial group of three patients, cohort 2 will open
and re-enroll three patients. If one of three patients experiences a DLT, the cohort will be expanded to six. If no further
DLTs occur, this dose will be considered the RP2D. If two of six patients experience a DLT, the maxium tolerated dose
(MTD) has been exceeded. The MTD will be defined as the highest dose for which no more than one of six patients
develops a DLT. After the establishment of the RP2D and schedule, an expansion cohort was planned for a total of
39 additional patients who were treatment naive. Using a Simon minimax design with 39 patients, we can show an
improvement in 4-month PFS from 50% to 70% using a type I and type II error rate of 10% each. In the first stage, we
would need 23 patients, out of whom we need 12 to be alive and progression free at 4 months, in which case we would
accrue an additional 16 patients. If at the end of the study 24 or more are alive and progression free, we would call this
promising. This cohort was not explored based on interim analysis of the study showing limited antitumor activity and a
drug–drug interaction with the combination.

Immunohistochemistry for AR: Deparaffinized tissue sections from HCC tumors were treated with antigen retrieval solution
followed by incubation with standard blocking reagents. Primary antibody for AR (DAKO) was then applied with dilution 1:70
(clone AR441, Dako, catalog number M3562) and incubated overnight at 4�C. Appropriate secondary antibodies labeled with
polymer −30’ were applied at room temperature (Envision Kit, Dako catalog number K4006) followed by detection using DAB
as substrate-chromogen. Positive and negative controls were performed in parallel (prostate, positive control for AR). The
number of cells that are AR positive, the intensity of staining, and the percentage of nuclear staining was assessed. Nuclear
staining >5% will be considered positive. AR testing was performed and analyzed without knowledge of the patients’ clinical
status.

PK Determination: Whole blood samples were obtained at Cycle 1: Day −1, before dose and 1 hour, 4 hours, 8 hours,
and 24 hours after dose (Cycle 1 Day 1) for sorafenib PKs and Cycle 2 Day 1, before dose and 1 hour, 4 hours, 8 hours,
and 24 hours (Cycle 2 Day 2) for both sorafenib and enzalutamide PKs on the first 20 patients in the Part 2 dose escala-
tion. A 7-day run-in of sorafenib alone allowed intrapatient comparison of sorafenib steady state PK on and off
enzalutamide. Sorafenib and sorafenib N-oxide in plasma was determined using a validated liquid chromatography tan-
dem mass spectrometry method on an AB Sciex 5500 triple quadrupole. The software program used was Phoenix
64 WinNonlin (Pharsight Corp., St. Louis, MO, version 7.0).

Investigator’s Analysis Lack of efficacy and drug–drug interaction

DRUG INFORMATION: ENZALUTAMIDE MONOTHERAPY (PART 1)
Drug 1

Generic/Working Name Enzalutamide

Drug Type Small molecule

Drug Class Androgen receptor

Dose 160 mg per flat dose

Route p.o.

Schedule of Administration Daily for 28-day cycles
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DRUG INFORMATION: ENZALUTAMIDE AND SORAFENIB COMBINATION (PART 2)
Drug 1

Generic/Working Name Enzalutamide

Drug Type Small molecule

Drug Class Androgen receptor

Dose 160 mg per flat dose

Schedule of Administration Daily for 28-day cycles

Drug 2

Generic/Working Name Sorafenib

Drug Type Small molecule

Drug Class Angiogenesis - antivascular

Dose 400 mg per flat dose

Route p.o.

Schedule of Administration Daily or twice a day for 28-day cycles

DOSE ESCALATION TABLE: ENZALUTAMIDE MONOTHERAPY (PART 1)
Dose level Dose of drug: enzalutamide No. enrolled No. evaluable for toxicity

Expansion cohort 160 mg 10 10

Cohort 1 160 mg 6 6

Cohort −1 0 0 0

DOSE ESCALATION TABLE: ENZALUTAMIDE AND SORAFENIB COMBINATION (PART 2)
Dose level Dose of drug: enzalutamide Dose of drug: sorafenib No. enrolled No. evaluable for toxicity

Expansion 160 mg daily 400 mg twice a day 0 0

Cohort 2 160 mg daily 400 mg twice a day 8 8

Cohort 1 160 mg daily 400 mg daily 4 4

Cohort −1 120 mg daily 400 mg daily 0 0

PATIENT CHARACTERISTICS: ENZALUTAMIDE MONOTHERAPY (PART 1)
Number of Patients, Male 12

Number of Patients, Female 4

Stage Stage 1: 0
Stage 2: 2
Stage 3: 0
Stage 4: 14

Age Median (range): 70 (64–78) years

Number of Prior Systemic Therapies Median (range): 3 (2–7)

Performance Status: ECOG 0 — 4
1 — 12
2 — 0
3 — 0
Unknown — 0

Etiologic factor

Hepatitis B virus

Hepatitis C virus 2

Hepatitis C virus, hepatitis B virus 0

Nonviral 11

Androgen receptor expression

Unknown 2

© AlphaMed Press 2020

Enzalutamide in Advanced HCCe1828



Negative (<5%) 4

Positive (≥5%) 10

Disease burden

Extrahepatic 14

Intrahepatic 2

Vascular involvement 0

Alpha-fetoprotein, median, range 214 (9–1,546)

PATIENT CHARACTERISTICS: ENZALUTAMIDE AND SORAFENIB COMBINATION (PART 2)
Number of Patients, Male 2

Number of Patients, Female 10

Stage Stage 1: 0
Stage 2: 1
Stage 3: 6
Stage 4: 5

Age Median (range): 62 (61–67)

Number of Prior Systemic Therapies Median (range): 0

Performance Status: ECOG 0 — 1
1 — 11
2 — 0
3 — 0
Unknown — 0

Etiologic factor

Hepatitis B virus 0

Hepatitis C virus 4

Hepatitis C virus, hepatitis B virus 1

Nonviral 7

Androgen receptor expression

Unknown 4

Negative <5%) 1

Positive (≥5%) 7

Disease burden

Extrahepatic 8

Intrahepatic 1

Vascular involvement 3

Alpha-fetoprotein, median, range 196 (8–2,095)

PRIMARY ASSESSMENT METHOD: ENZALUTAMIDE MONOTHERAPY (PART 1)
Title Enzalutamide efficacy (part 1)

Number of Patients Enrolled 16

Number of Patients Evaluable for Toxicity 16

Number of Patients Evaluated for Efficacy 15

Evaluation Method RECIST 1.1

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 0 (0%)

Response Assessment SD n = 7 (44%)

Response Assessment PD n = 8 (50%)

Response Assessment OTHER n = 1 (6%)

(Median) Duration Assessments PFS 1.76 months, CI: 1.61–3.55

(Median) Duration Assessments OS 7.03 months, CI: 3.55–NR
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Outcome Notes One patient did not complete 80% of dosing in cycle 1 and was
replaced for DLT per protocol. The patient clinically deterio-
rated on study and was evaluable for toxicity and survival but
not for response.

PRIMARY ASSESSMENT METHOD: ENZALUTAMIDE AND SORAFENIB COMBINATION (PART 2)
Title Enzalutamide and sorafenib efficacy (part 2)

Number of Patients Enrolled 12

Number of Patients Evaluable for Toxicity 12

Number of Patients Evaluated for Efficacy 10

Evaluation Method RECIST 1.1

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 1 (6%)

Response Assessment SD n = 5 (42%)

Response Assessment PD n = 4 (33%)

Response Assessment OTHER n = 2 (17%)

(Median) Duration Assessments PFS 2.89 months, CI: 1.61–NR

(Median) Duration Assessments OS 6.69 months, CI: 4.60–NR

Outcome Notes Two of 12 patients were not included in the efficacy analysis. One
could not swallow enzalutamide and hence never received combi-
nation treatment, and the other had an adverse event related to
sorafenib during the sorafenib run-in and never received combina-
tion treatment. These two were not included in the efficacy end
points of ORR, PFS, and OS but were assessed for safety.

ADVERSE EVENTS: ENZALUTAMIDE MONOTHERAPY (PART 1)
All Cycles

Name NC/NA 1 2 3 4 5 All grades

Abdominal distension 87% 13% 0% 0% 0% 0% 13%

Abdominal pain 56% 38% 6% 0% 0% 0% 44%

Activated partial thromboplastin time prolonged 81% 13% 0% 6% 0% 0% 19%

Alanine aminotransferase increased 63% 25% 6% 6% 0% 0% 37%

Alkaline phosphatase increased 56% 31% 13% 0% 0% 0% 44%

Anemia 50% 31% 19% 0% 0% 0% 50%

Anorexia 81% 13% 6% 0% 0% 0% 19%

Anxiety 87% 13% 0% 0% 0% 0% 13%

Ascites 94% 6% 0% 0% 0% 0% 6%

Aspartate aminotransferase increased 44% 31% 6% 19% 0% 0% 56%

Back pain 74% 13% 13% 0% 0% 0% 26%

Blood bilirubin increased 69% 6% 19% 0% 6% 0% 31%

Bone pain 88% 6% 0% 6% 0% 0% 12%

Constipation 94% 6% 0% 0% 0% 0% 6%

Cough 88% 6% 6% 0% 0% 0% 12%

Creatinine increased 81% 13% 6% 0% 0% 0% 19%

Death NOS 94% 0% 0% 0% 0% 6% 6%

Depression 94% 6% 0% 0% 0% 0% 6%

Diarrhea 75% 19% 6% 0% 0% 0% 25%

Dizziness 87% 13% 0% 0% 0% 0% 13%

Dry mouth 94% 6% 0% 0% 0% 0% 6%

Dry skin 81% 19% 0% 0% 0% 0% 19%

Dysgeusia 94% 6% 0% 0% 0% 0% 6%

Dyspnea 74% 13% 13% 0% 0% 0% 26%
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Edema face 94% 6% 0% 0% 0% 0% 6%

Edema limbs 50% 25% 25% 0% 0% 0% 50%

Edema trunk 94% 0% 6% 0% 0% 0% 6%

Encephalopathy 94% 0% 0% 0% 0% 6% 6%

Epistaxis 94% 6% 0% 0% 0% 0% 6%

Epistaxis 94% 6% 0% 0% 0% 0% 6%

Fatigue 11% 38% 38% 13% 0% 0% 89%

Gait disturbance 94% 6% 0% 0% 0% 0% 6%

Generalized muscle weakness 94% 6% 0% 0% 0% 0% 6%

Gynecomastia 94% 6% 0% 0% 0% 0% 6%

Headache 94% 6% 0% 0% 0% 0% 6%

Hematuria 94% 6% 0% 0% 0% 0% 6%

Hot flashes 81% 19% 0% 0% 0% 0% 19%

Hypercalcemia 94% 6% 0% 0% 0% 0% 6%

Hyperglycemia 38% 50% 6% 6% 0% 0% 62%

Hyperkalemia 94% 6% 0% 0% 0% 0% 6%

Hypertension 75% 19% 6% 0% 0% 0% 25%

Hypoalbuminemia 37% 38% 25% 0% 0% 0% 63%

Hypocalcemia 75% 25% 0% 0% 0% 0% 25%

Hypoglycemia 87% 13% 0% 0% 0% 0% 13%

Hypomagnesemia 81% 19% 0% 0% 0% 0% 19%

Hyponatremia 94% 6% 0% 0% 0% 0% 6%

Hypophosphatemia 94% 6% 0% 0% 0% 0% 6%

Hypotension 94% 6% 0% 0% 0% 0% 6%

INR increased 75% 19% 6% 0% 0% 0% 25%

Insomnia 94% 6% 0% 0% 0% 0% 6%

Joint range of motion decreased 94% 6% 0% 0% 0% 0% 6%

Lipase increased 68% 16% 11% 0% 5% 0% 32%

Lymphocyte count decreased 87% 0% 0% 13% 0% 0% 13%

Muscle weakness upper limb 94% 6% 0% 0% 0% 0% 6%

Myalgia 72% 21% 7% 0% 0% 0% 28%

Nausea 62% 38% 0% 0% 0% 0% 38%

Neck pain 87% 13% 0% 0% 0% 0% 13%

Pain 88% 6% 0% 6% 0% 0% 12%

Pain in extremity 88% 6% 6% 0% 0% 0% 12%

Pericardial effusion 94% 0% 0% 6% 0% 0% 6%

Peripheral sensory neuropathy 87% 13% 0% 0% 0% 0% 13%

Platelet count decreased 56% 25% 13% 6% 0% 0% 44%

Pleural effusion 88% 0% 6% 6% 0% 0% 12%

Pruritus 94% 6% 0% 0% 0% 0% 6%

Rash acneiform 87% 13% 0% 0% 0% 0% 13%

Rash maculo-papular 94% 6% 0% 0% 0% 0% 6%

Serum amylase increased 87% 13% 0% 0% 0% 0% 13%

Skin ulceration 94% 6% 0% 0% 0% 0% 6%

Thromboembolic event 94% 0% 6% 0% 0% 0% 6%

Vomiting 87% 13% 0% 0% 0% 0% 13%

Weight loss 94% 6% 0% 0% 0% 0% 6%

White blood cell decreased 81% 13% 6% 0% 0% 0% 19%

Adverse Events Legend

Toxicities occurring in at least one patient in all cycles.
Abbreviation: INR, international normalized ratio; NC/NA, no change from baseline/no adverse event; NOS, not otherwise
specified.
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SERIOUS ADVERSE EVENTS

Name Grade Attribution

Death NOS 5 Unrelated

Encephalopathy 5 Unrelated

Pain 3 Unrelated

Abbreviation: NOS, not otherwise specified.

DOSE-LIMITING TOXICITIES: ENZALUTAMIDE MONOTHERAPY (PART 1)
Dose level No. enrolled No. evaluable for toxicity No. with a dose-limiting toxicity

Expansion cohort 10 10 0

Cohort level 1 6 6 0

ADVERSE EVENTS: ENZALUTAMIDE AND SORAFENIB COMBINATION (PART 2)
All Cycles

Name NC/NA 1 2 3 4 5 All grades

Abdominal pain 58% 25% 17% 0% 0% 0% 42%

Activated partial thromboplastin time prolonged 92% 8% 0% 0% 0% 0% 8%

Alanine aminotransferase increased 67% 25% 8% 0% 0% 0% 33%

Alkaline phosphatase increased 58% 42% 0% 0% 0% 0% 42%

Anemia 67% 33% 0% 0% 0% 0% 33%

Anorexia 92% 8% 0% 0% 0% 0% 8%

Ascites 92% 0% 0% 8% 0% 0% 8%

Aspartate aminotransferase increased 42% 33% 8% 17% 0% 0% 58%

Back pain 92% 8% 0% 0% 0% 0% 8%

Edema limbs 67% 17% 8% 8% 0% 0% 33%

Blood bilirubin increased 67% 0% 25% 8% 0% 0% 33%

Blurred vision 92% 8% 0% 0% 0% 0% 8%

Bone pain 92% 0% 8% 0% 0% 0% 8%

Soft tissue infection 92% 0% 0% 8% 0% 0% 8%

Confusion 92% 8% 0% 0% 0% 0% 8%

Chills 83% 17% 0% 0% 0% 0% 17%

Constipation 75% 17% 8% 0% 0% 0% 25%

Cough 92% 8% 0% 0% 0% 0% 8%

Dehydration 92% 8% 0% 0% 0% 0% 8%

Depression 92% 8% 0% 0% 0% 0% 8%

Diarrhea 75% 25% 0% 0% 0% 0% 25%

Dizziness 75% 25% 0% 0% 0% 0% 25%

Dyspnea 67% 25% 8% 0% 0% 0% 33%

Edema face 92% 8% 0% 0% 0% 0% 8%

Extrapyramidal disorder 92% 0% 0% 8% 0% 0% 8%

Fatigue 50% 33% 17% 0% 0% 0% 50%

Fever 92% 8% 0% 0% 0% 0% 8%

Gait disturbance 92% 8% 0% 0% 0% 0% 8%

Gastritis 92% 8% 0% 0% 0% 0% 8%

Gastrointestinal disorders—GERD 83% 0% 17% 0% 0% 0% 17%

Headache 67% 17% 8% 8% 0% 0% 33%

Hot flashes 92% 8% 0% 0% 0% 0% 8%

Hot flashes 92% 8% 0% 0% 0% 0% 8%

Hyperglycemia 67% 17% 8% 8% 0% 0% 33%
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Hypernatremia 92% 8% 0% 0% 0% 0% 8%

Hypertension 58% 25% 17% 0% 0% 0% 42%

Hypotension 92% 0% 0% 0% 0% 8% 8%

Hypocalcemia 92% 8% 0% 0% 0% 0% 8%

Hypoglycemia 92% 8% 0% 0% 0% 0% 8%

Hypokalemia 83% 17% 0% 0% 0% 0% 17%

Hypomagnesemia 67% 25% 8% 0% 0% 0% 33%

Hyponatremia 83% 0% 0% 17% 0% 0% 17%

Hypophosphatemia 75% 0% 8% 17% 0% 0% 25%

Hypoxia 92% 0% 0% 8% 0% 0% 8%

INR increased 92% 8% 0% 0% 0% 0% 8%

Lipase increased 67% 17% 0% 8% 8% 0% 33%

Lymphocyte count decreased 75% 0% 25% 0% 0% 0% 25%

Myalgia 83% 17% 0% 0% 0% 0% 17%

Nausea 75% 17% 8% 0% 0% 0% 25%

Neck pain 92% 0% 0% 8% 0% 0% 8%

Pain 92% 0% 0% 8% 0% 0% 8%

Pain in extremity 84% 8% 8% 0% 0% 0% 16%

Palmar-plantar erythrodysesthesia syndrome 67% 25% 8% 0% 0% 0% 33%

Platelet count decreased 59% 25% 8% 8% 0% 0% 41%

Rash maculo-papular 75% 25% 0% 0% 0% 0% 25%

Serum amylase increased 75% 8% 17% 0% 0% 0% 25%

Skin hyperpigmentation 92% 8% 0% 0% 0% 0% 8%

Upper respiratory infection 92% 8% 0% 0% 0% 0% 8%

Urinary incontinence 92% 8% 0% 0% 0% 0% 8%

Urinary tract infection 92% 8% 0% 0% 0% 0% 8%

Vomiting 92% 0% 8% 0% 0% 0% 8%

Weight loss 75% 25% 0% 0% 0% 0% 25%

White blood cell decreased 67% 33% 0% 0% 0% 0% 33%

Adverse Events Legend

Adverse events observed in at least one patient among all cycles.
Abbreviations: GERD, gastroesophageal reflux disease; INR, international normalized ratio; NC/NA, no change from baseline/no
adverse event.

SERIOUS ADVERSE EVENTS

Name Grade Attribution

Bone pain 3 Unrelated

Cellulitis 3 Unrelated

Hypoxia 3 Unlikely

Edema, limb 3 Unlikely

Hypotension 5 Unlikely

Nausea 2 Possible

Vomiting 2 Possible

DOSE-LIMITING TOXICITIES: ENZALUTAMIDE AND SORAFENIB COMBINATION (PART 2)
Dose level No. enrolled No. evaluable for toxicity No. with a dose-limiting toxicity

Dose level 2 8 8 0

Dose level 1 4 4 0
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PHARMACOKINETICS/PHARMACODYNAMICS

Dose level
No.
enrolled

Cmax,
mean � SD,
μg/L

Tmax,
mean � SD,
hours

AUC0–8, mean � SD,
hours * μg/L

AUCall, hours *
μg/mL

Sorafenib run-in 9 1.36 � 0.937 9.67 � 10.8 7.78 � 4.93 22.1 � 12.6

Sorafenib on
enzalutamide

9 0.597 � 0.434 10 � 9.98 3.40 � 2.09 9.29 � 6.91

PK/PD Legend: These results indicate that the combination of sorafenib and enzalutamide alters the pharmacokinetics of sorafenib. Seven of the
nine subjects have samples collected for both cycles of the study. Two subjects had no C2 samples, which did not allow comparisons to be
made between C1 and C2 in these cases. Of the seven remaining subjects with C1/C2 samples, six exhibited a significant decrease in Cmax and
AUC0–8hrs for sorafenib when coadministered with enzalutamide. The percentage change from C1 to C2 in Cmax and AUC0–8hrs for sorafenib is
−58.7% (−35.9% to −79.9%) and − 59.7% (−18.4% to −82.8%), respectively. This suggests that enzalutamide enhances the metabolism of
sorafenib through possible induction of CYP3A4.
Abbreviations: Cmax, concentration maximum; Tmax, time of maximum concentration; AUC, area under the curve; PK/PD, pharmacokinetics/
pharmacodynamics.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study terminated before completion

Terminated Reason Lack of interest

Investigator’s Assessment Lack of efficacy and drug–drug interaction

Hepatocellular carcinoma (HCC), a primary liver tumor, is a
leading worldwide cause of cancer-related morbidity and mor-
tality [15]. Developing in the context of underlying hepatic dis-
eases and fibroinflammatory disorders of the liver, HCC is
frequently seen in the background of viral hepatitis, alcohol
use, and/or nonalcoholic fatty liver disease [16]. Epidemiologi-
cally, HCC is also sexually dimorphic, occurring 8–10 times
more frequently in men than in women [17]. These trends do
not necessarily correlate with a disproportionate risk due to
gender alone for HCC etiologic factors. For example, higher
rates of HCC have been observed in men with hepatitis B virus
(HBV) who have higher baseline testosterone levels and CAG
repeats in androgen receptor (AR) gene when compared with
case controls without such findings [17]. Such observations
have prompted deep investigation into the role of sex hor-
mones and AR in HCC oncogenesis as well as potential thera-
peutic targets. Indeed, cell-based and murine HCC models
indicate that AR activation drives liver cancer growth whereas
AR signaling blockade leads to tumor regression [1, 2]. In clini-
cal samples, AR overexpression is detected in 40%–80% of
cases by various methods and is associated with advanced dis-
ease stage and poor overall survival in retrospective series.

Despite these signals, prospective studies designed to
demonstrate the therapeutic efficacy of first-generation anti-
androgens in patients with advanced HCC did not improve
patient outcomes [18]. The clinical failure of first-generation
antiandrogens may have been due in part to poor specificity
and limited potency for AR, leading to an inability to fully
abrogate both ligand-dependent and ligand-independent AR
signaling [1–3]. Enzalutamide is distinct from first-generation
antiandrogen agents in that it inhibits nuclear translocation of
the androgen receptor, DNA binding, and coactivator recruit-
ment [19]. Enzalutamide also has greater affinity for AR than
first-generation compounds and induces tumor stabilization
and shrinkage in xenograft models [20]. Thus, there is good
rationale for the assessment of enzalutamide monotherapy in
HCC in the clinic. It is well established that AR cooperates with

vascular endothelial growth factor/hypoxia-inducible factor α
signaling pathways requisite for HCC growth [5, 6]. To address
the possibility that AR inhibition with antiandrogens may ben-
efit synergistically from the presence of an antiangiogenic
agent, we sought to explore the combination enzalutamide
plus sorafenib.

At the time of the study development, execution, and
completion, sorafenib was the only available first-line systemic
treatment for patients with advanced HCC and no effective
therapies were approved in the second-line setting [7]. Given
the paucity of active therapies for HCC at that time, we pro-
posed a National Comprehensive Cancer Network–funded,
multicenter, open-label, phase Ib study of enzalutamide with
or without sorafenib in patients with advanced HCC with
Child-Pugh class A liver function. In part 1, a 3 + 3 dose de-
escalation design (starting dose 160 mg orally daily) with a
10-patient expansion cohort was used to define the safety,
tolerability, and recommended phase II dose (RP2D) of
enzalutamide monotherapy in patients who had experi-
enced disease progression or were intolerant to sorafenib.
In part 2, a 3 + 3 dose escalation was used for the combina-
tion of sorafenib and enzalutamide with the primary objec-
tive of defining safety, tolerability, and RP2D of combination
therapy in treatment-naive patients with advanced HCC.
With establishment of the RP2D, a single-arm phase II
expansion was initially planned with the objective of esti-
mating the 4-month progression-free survival (PFS) of the
combination regimen. Secondary and exploratory objectives
for the study included pharmacokinetics, objective response
rate (ORR) by RECIST version 1.1, PFS, overall survival (OS),
and determination of tumor AR expression by immunohisto-
chemistry. Acknowledging a potential drug–drug interaction
between enzalutamide, a CYP3A4 inducer, and sorafenib, a
CYP3A4 substrate, sorafenib was administered with a 7-day
run-in prior to the start of enzalutamide. This dosing schedule
allowed for comparison of sorafenib steady-state exposure
(known to occur after ~7 days of dosing) with the sorafenib
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exposure at enzalutamide steady state (known to occur after
30 days of dosing) [20, 21].

The study established that enzalutamide in patients with
HCC is safe and tolerable at 160 mg daily (Part 1). Although
formal efficacy testing was not embedded in the protocol,
single-agent enzalutamide showed no meaningful antitumor
activity in a patient population with advanced HCC (0% ORR, a
median PFS of 1.8 months, and OS of 7 months).

We consider that the failure to observe efficacy was
multifactorial and likely includes the study design with a
small sample size in a heterogeneous patient population as
well as specific factors related to AR biology in HCC.
Although AR plays a role in hepatocarcinogenesis
irrespective of etiology, for which reason patients of all HCC
risk factors were included in this study, translational studies
indicate that HBV integration into the TERT promoter ren-
ders TERT transcription responsive to AR signaling
[22]. These data suggest enzalutamide might have specific
therapeutic relevance in HBV-associated HCC, which made
up only 19% of our cohort. Beyond issues potentially
related to patient selection, recently reported biologic fac-
tors appear to underscore critical reasons for HCC
antiandrogen insensitivity. AR-splice variants, known to
mediate enzalutamide resistance, have now been observed
in 78% of HCC samples (290/372) in The Cancer Genome
Atlas [8]. Furthermore, AR inhibition in vivo activates AKT-
TOR signaling pathways that serve to sustain HCC growth
and bypass AR inhibition [4].

The combination of sorafenib and enzalutamide was
safe and tolerable, but a clear drug–drug interaction was
observed on Part 2 of the study. Enzalutamide reduced
sorafenib Cmax and AUC0–8hr by 59 and 60%, respectively.
Definitive conclusions related to the clinical significance of
the drug–drug interaction were limited by the sample size
and the dose escalation design. Although a higher dose of
sorafenib in combination with enzalutamide may have been
explored, the study was terminated given the totality of the
results, which included limited activity of monotherapy; the

modest activity of the combination that appeared similar to the
historic operating characteristics of sorafenib; the drug–drug
interaction; and the shift in landscape to newer tyrosine kinase
inhibitors and immunotherapy. Further development of
enzalutamide in HCC as a single agent or in combination with
sorafenib is not warranted based on these findings.
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