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BACKGROUND
• Although most prostate cancer tumors initially respond to 

androgen-deprivation therapy (ADT), disease progression is 
eventually seen in most cases.1 

• Recently approved 2nd-generation agents are effective for the 
treatment of metastatic castration-resistant prostate cancer 
(mCRPC), but there are concerns about their safety/tolerability  
and androgen receptor (AR) mutation/resistance.2,3

• The CHAARTED (NCT00309985) and STAMPEDE (NCT00268476) 
trials demonstrated that adding docetaxel to ADT increased overall 
survival (OS) in patients with metastatic hormone-sensitive prostate 
cancer (mHSPC) or high-risk locally advanced prostate cancer.4 
The GETUG 15 trial found no statistically signi!cant improvement 
in median OS with ADT + docetaxel in patients with metastatic 
non-castrate prostate cancer, compared with ADT alone, although 
improvements were seen in all ef!cacy secondary endpoints.5

• The LATITUDE (NCT01715285) and STAMPEDE (NCT00268476) 
trials reported improved OS with abiraterone + ADT + prednisone/
prednisolone, compared with placebo + ADT or ADT alone in men 
with mHSPC.6,7

• Darolutamide (ODM-201) is a novel investigational oral AR 
antagonist which is structurally distinct from other drugs in the 
same class.8

• Darolutamide and its main circulating metabolite, ORM-15341,  
also show antitumor activity in AR mutants, including W741L, 
W742L and several with partial agonism to enzalutamide (F877L, 
F877L/T878A, and H875Y/T878A).8,9

• Darolutamide and ORM-15341 have negligible blood–brain barrier 
penetration, with minimal seizure risk.8,10 

• In the phase 1/2 ARADES (NCT01317641; NCT01429064) 
and phase 1 ARAFOR (NCT01784757) trials, darolutamide 
demonstrated  antitumor activity and was well tolerated in men 
with chemotherapy-naïve mCRPC.10–15 

• The ongoing international, randomized, double-blind, placebo-
controlled phase 3 ARAMIS trial (NCT02200614) is investigating 
the ef!cacy of darolutamide in patients with nonmetastatic  
CRPC.16

• The ongoing ARASENS trial (NCT02799602, EudraCT 2015-002590-
38) is the only trial designed to systematically evaluate the 
combination of a potent AR-targeted therapy, ADT, and docetaxel 
in patients with mHSPC, aiming to maximize the ef!cacy of 
combination therapy to address prostate cancer heterogeneity.

OBJECTIVE
• The ARASENS trial was designed to evaluate the ef!cacy and 

safety of darolutamide in combination with ADT + docetaxel in 
patients with mHSPC.

METHODS
Study design
• This international, randomized, double-blind, placebo-controlled 

phase 3 trial is being conducted at >300 sites in 23 countries, with 
independent ethics committee or institutional review board approval. 

• ~1300 men with newly diagnosed mHSPC will be randomized 1:1 
within 12 weeks of starting ADT to receive either darolutamide  
600 mg (2 tablets of 300 mg) orally twice daily with food, 
equivalent to a total daily dose of 1200 mg, or matching placebo, 
both in addition to ADT + docetaxel (as prescribed by the treating 
physician; Figure 1).

• All patients will receive six cycles of docetaxel, administered after 
randomization.  

• Patients will be strati!ed by disease extent and alkaline  
phosphatase level.

• Key inclusion and exclusion criteria are shown in Table 1.
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Endpoints and assessments
• Primary: The primary objective is to demonstrate the superiority  

of darolutamide compared with placebo, both in combination with  
ADT + docetaxel. 
 – The primary endpoint is OS; timeframe ~70 months.

• Secondary: Secondary endpoints include time to CRPC, time 
to initiation of subsequent antineoplastic therapy, symptomatic 
skeletal event-free survival (SSE-FS), time to !rst SSE, time to 
initiation of opioid use, time to pain progression, and time to 
worsening of physical disease symptoms.
 – Each of these will be measured at 12-week intervals.
 – Safety will be assessed by frequency and severity of adverse events.

ARASENS trial status 
• Currently recruiting patients.

• The !rst patient !rst visit was in November 2016, and >300 sites 
are open for recruitment and enrolling patients. 

• The trial is being conducted in 23 countries worldwide (Figure 2).

Australia France Poland
Belgium Germany Russian Federation
Brazil Israel Spain
Bulgaria Italy Sweden
Canada Japan Taiwan
China Republic of Korea United Kingdom
Czech Republic Mexico United States
Finland Netherlands

Table 1. ARASENS trial: Key inclusion and exclusion criteria
Inclusion criteria
Men aged "18 years with historically or cytologically con!rmed 
adenocarcinoma of the prostate 
Documented metastatic disease
Candidates for ADT and docetaxel therapy
Started ADT ± 1st-generation anti-androgen therapy (#12 weeks before 
randomization)
ECOG performance status of 0 or 1
Adequate bone marrow, liver, and renal function
Exclusion criteria
Prior treatment with: LHRH agonist/antagonists (started >12 weeks before 
randomization); 2nd-generation AR inhibitors (e.g. enzalutamide, ARN-509, 
ODM-201, or other investigational AR inhibitors); CYP17 enzyme inhibitors  
(e.g. abiraterone acetate, or oral ketoconazole as antineoplastic therapy for 
prostate cancer); chemotherapy or immunotherapy for prostate cancer prior  
to randomization
Prior treatment with radiotherapy/radiopharmaceuticals within 2 weeks  
before randomization
Stroke, myocardial infarction, severe/unstable angina pectoris, coronary/peripheral 
artery bypass graft, or congestive heart failure (NYHA class III or IV) within  
6 months before randomization
Prior malignancy; adequately treated basal cell or squamous cell carcinoma of 
skin or super!cial bladder cancer that has not spread behind the connective 
tissue layer (i.e. pTis, pTa, and pT1) is allowed, as well as any other cancer for 
which treatment has been completed 5 years before randomization and from 
which the subject has been disease-free
Gastrointestinal disorder or procedure that is expected to interfere signi!cantly 
with absorption of study treatment
Inability to swallow oral medications

ADT, androgen-deprivation therapy; AR, androgen receptor; ARN-509, apalutamide; CYP, cytochrome P; 
ECOG, Eastern Cooperative Oncology Group; LHRH, luteinizing hormone-releasing hormone;  
NYHA, New York Heart Association; ODM-201, darolutamide; pTis, carcinoma in situ; pTa, non-invasive 
papillary carcinoma; pT1, tumor invades sub-epithelial connective tissue.

Figure 2. ARASENS trial: participating countries 
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ADT, androgen-deprivation therapy; ALP, alkaline phosphatase; BID, twice-daily dosing;  
mHSPC, metastatic hormone-sensitive prostate cancer.

Copies of this poster obtained through Quick Response (QR) Code are for 
personal use only and may not be reproduced without permission from ASCO® 
and the author of this poster.
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before randomization
Stroke, myocardial infarction, severe/unstable angina pectoris, coronary/peripheral 
artery bypass graft, or congestive heart failure (NYHA class III or IV) within  
6 months before randomization
Prior malignancy; adequately treated basal cell or squamous cell carcinoma of 
skin or super!cial bladder cancer that has not spread behind the connective 
tissue layer (i.e. pTis, pTa, and pT1) is allowed, as well as any other cancer for 
which treatment has been completed 5 years before randomization and from 
which the subject has been disease-free
Gastrointestinal disorder or procedure that is expected to interfere signi!cantly 
with absorption of study treatment
Inability to swallow oral medications

ADT, androgen-deprivation therapy; AR, androgen receptor; ARN-509, apalutamide; CYP, cytochrome P; 
ECOG, Eastern Cooperative Oncology Group; LHRH, luteinizing hormone-releasing hormone;  
NYHA, New York Heart Association; ODM-201, darolutamide; pTis, carcinoma in situ; pTa, non-invasive 
papillary carcinoma; pT1, tumor invades sub-epithelial connective tissue.
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ADT, androgen-deprivation therapy; ALP, alkaline phosphatase; BID, twice-daily dosing;  
mHSPC, metastatic hormone-sensitive prostate cancer.
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BACKGROUND
• Although most prostate cancer tumors initially respond to 

androgen-deprivation therapy (ADT), disease progression is 
eventually seen in most cases.1 

• Recently approved 2nd-generation agents are effective for the 
treatment of metastatic castration-resistant prostate cancer 
(mCRPC), but there are concerns about their safety/tolerability  
and androgen receptor (AR) mutation/resistance.2,3

• The CHAARTED (NCT00309985) and STAMPEDE (NCT00268476) 
trials demonstrated that adding docetaxel to ADT increased overall 
survival (OS) in patients with metastatic hormone-sensitive prostate 
cancer (mHSPC) or high-risk locally advanced prostate cancer.4 
The GETUG 15 trial found no statistically signi!cant improvement 
in median OS with ADT + docetaxel in patients with metastatic 
non-castrate prostate cancer, compared with ADT alone, although 
improvements were seen in all ef!cacy secondary endpoints.5

• The LATITUDE (NCT01715285) and STAMPEDE (NCT00268476) 
trials reported improved OS with abiraterone + ADT + prednisone/
prednisolone, compared with placebo + ADT or ADT alone in men 
with mHSPC.6,7

• Darolutamide (ODM-201) is a novel investigational oral AR 
antagonist which is structurally distinct from other drugs in the 
same class.8

• Darolutamide and its main circulating metabolite, ORM-15341,  
also show antitumor activity in AR mutants, including W741L, 
W742L and several with partial agonism to enzalutamide (F877L, 
F877L/T878A, and H875Y/T878A).8,9

• Darolutamide and ORM-15341 have negligible blood–brain barrier 
penetration, with minimal seizure risk.8,10 

• In the phase 1/2 ARADES (NCT01317641; NCT01429064) 
and phase 1 ARAFOR (NCT01784757) trials, darolutamide 
demonstrated  antitumor activity and was well tolerated in men 
with chemotherapy-naïve mCRPC.10–15 

• The ongoing international, randomized, double-blind, placebo-
controlled phase 3 ARAMIS trial (NCT02200614) is investigating 
the ef!cacy of darolutamide in patients with nonmetastatic  
CRPC.16

• The ongoing ARASENS trial (NCT02799602, EudraCT 2015-002590-
38) is the only trial designed to systematically evaluate the 
combination of a potent AR-targeted therapy, ADT, and docetaxel 
in patients with mHSPC, aiming to maximize the ef!cacy of 
combination therapy to address prostate cancer heterogeneity.

OBJECTIVE
• The ARASENS trial was designed to evaluate the ef!cacy and 

safety of darolutamide in combination with ADT + docetaxel in 
patients with mHSPC.

METHODS
Study design
• This international, randomized, double-blind, placebo-controlled 

phase 3 trial is being conducted at >300 sites in 23 countries, with 
independent ethics committee or institutional review board approval. 

• ~1300 men with newly diagnosed mHSPC will be randomized 1:1 
within 12 weeks of starting ADT to receive either darolutamide  
600 mg (2 tablets of 300 mg) orally twice daily with food, 
equivalent to a total daily dose of 1200 mg, or matching placebo, 
both in addition to ADT + docetaxel (as prescribed by the treating 
physician; Figure 1).

• All patients will receive six cycles of docetaxel, administered after 
randomization.  

• Patients will be strati!ed by disease extent and alkaline  
phosphatase level.

• Key inclusion and exclusion criteria are shown in Table 1.
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Endpoints and assessments
• Primary: The primary objective is to demonstrate the superiority  

of darolutamide compared with placebo, both in combination with  
ADT + docetaxel. 
 – The primary endpoint is OS; timeframe ~70 months.

• Secondary: Secondary endpoints include time to CRPC, time 
to initiation of subsequent antineoplastic therapy, symptomatic 
skeletal event-free survival (SSE-FS), time to !rst SSE, time to 
initiation of opioid use, time to pain progression, and time to 
worsening of physical disease symptoms.
 – Each of these will be measured at 12-week intervals.
 – Safety will be assessed by frequency and severity of adverse events.

ARASENS trial status 
• Currently recruiting patients.

• The !rst patient !rst visit was in November 2016, and >300 sites 
are open for recruitment and enrolling patients. 

• The trial is being conducted in 23 countries worldwide (Figure 2).

Australia France Poland
Belgium Germany Russian Federation
Brazil Israel Spain
Bulgaria Italy Sweden
Canada Japan Taiwan
China Republic of Korea United Kingdom
Czech Republic Mexico United States
Finland Netherlands

Table 1. ARASENS trial: Key inclusion and exclusion criteria
Inclusion criteria
Men aged "18 years with historically or cytologically con!rmed 
adenocarcinoma of the prostate 
Documented metastatic disease
Candidates for ADT and docetaxel therapy
Started ADT ± 1st-generation anti-androgen therapy (#12 weeks before 
randomization)
ECOG performance status of 0 or 1
Adequate bone marrow, liver, and renal function
Exclusion criteria
Prior treatment with: LHRH agonist/antagonists (started >12 weeks before 
randomization); 2nd-generation AR inhibitors (e.g. enzalutamide, ARN-509, 
ODM-201, or other investigational AR inhibitors); CYP17 enzyme inhibitors  
(e.g. abiraterone acetate, or oral ketoconazole as antineoplastic therapy for 
prostate cancer); chemotherapy or immunotherapy for prostate cancer prior  
to randomization
Prior treatment with radiotherapy/radiopharmaceuticals within 2 weeks  
before randomization
Stroke, myocardial infarction, severe/unstable angina pectoris, coronary/peripheral 
artery bypass graft, or congestive heart failure (NYHA class III or IV) within  
6 months before randomization
Prior malignancy; adequately treated basal cell or squamous cell carcinoma of 
skin or super!cial bladder cancer that has not spread behind the connective 
tissue layer (i.e. pTis, pTa, and pT1) is allowed, as well as any other cancer for 
which treatment has been completed 5 years before randomization and from 
which the subject has been disease-free
Gastrointestinal disorder or procedure that is expected to interfere signi!cantly 
with absorption of study treatment
Inability to swallow oral medications

ADT, androgen-deprivation therapy; AR, androgen receptor; ARN-509, apalutamide; CYP, cytochrome P; 
ECOG, Eastern Cooperative Oncology Group; LHRH, luteinizing hormone-releasing hormone;  
NYHA, New York Heart Association; ODM-201, darolutamide; pTis, carcinoma in situ; pTa, non-invasive 
papillary carcinoma; pT1, tumor invades sub-epithelial connective tissue.

Figure 2. ARASENS trial: participating countries 
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ADT, androgen-deprivation therapy; ALP, alkaline phosphatase; BID, twice-daily dosing;  
mHSPC, metastatic hormone-sensitive prostate cancer.
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Low Blood–Brain Barrier Penetration of [14C]Darolutamide Compared  
with [14C]Enzalutamide in Rats Using Whole Body Autoradiography
Steffen Sandmann1, Dagmar Trummel1, Dietrich Seidel1, Hille Gieschen2 and Christian Zurth3
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BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 

Alessandra Mosca, Milano, 2 Marzo 2018 
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BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 

Darolutamide Enzalutamide 
345

Presenting author: Christian Zurth, email: christian.zurth@bayer.comPresented at: The 2018 ASCO Genitourinary Cancers Symposium, February 8–10 2018, Moscone West Building, San Francisco, CA, United States

Copies of this poster obtained through Quick Response (QR) Code are 
for personal use only and may not be reproduced without permission 
from ASCO® and the author of this poster.

Low Blood–Brain Barrier Penetration of [14C]Darolutamide Compared  
with [14C]Enzalutamide in Rats Using Whole Body Autoradiography
Steffen Sandmann1, Dagmar Trummel1, Dietrich Seidel1, Hille Gieschen2 and Christian Zurth3

1Drug Discovery, Bayer AG, Wuppertal, Germany; 2Drug Discovery, Bayer AG, Berlin, Germany; 3Clinical Pharmacokinetics Oncology, Bayer AG, Berlin, Germany.

BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 
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BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 
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BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37

AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 
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BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37

AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 
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Low Blood–Brain Barrier Penetration of [14C]Darolutamide Compared  
with [14C]Enzalutamide in Rats Using Whole Body Autoradiography
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BACKGROUND
• The risk of seizures is a recognized obstacle in second-generation 

androgen receptor (AR) antagonist development.1 In clinical studies 
with enzalutamide, CNS events have been reported in castration-
resistant prostate cancer patients2,3,4 and in patients with metastatic 
prostate cancer.5

• Darolutamide is a novel, investigational oral AR antagonist which is 
structurally distinct from enzalutamide and apalutamide.6 Very low  
brain–plasma ratios for darolutamide have been demonstrated in 
preclinical PK studies, suggesting a minimal seizure risk.6 Data from 
phase 1/2 clinical studies support this.7,8 

• We report a head-to-head comparison in vivo tissue distribution 
study in rats with [14C]-labeled darolutamide and enzalutamide using 
qualitative and quantitative whole body autoradiography (QWBA).

METHODS
• The radiosyntheses of [14C]darolutamide and [14C]enzalutamide were 

each performed in two steps, introducing the carbon 14 isotope in the 
cyano group or imidazoline moiety, respectively.

• Male Wistar rats: peroral 10 mg/kg [14C]darolutamide or  
[14C]enzalutamide; same formulation and administration volume. 
Radioactive dose was 4.9 MBq/mg and 4.8 MBq/mg, respectively.

• One animal per timepoint was sacri!ced at 1 hour and 8 hours 
following [14C]darolutamide, and 4 hours and 8 hours following 
[14C]enzalutamide administration. The timepoints re"ect the drug’s 
speci!c time of maximum concentration (tmax) in either blood or brain, 
based on previous investigations. 

• Qualitative WBA assessment was performed by color codes for 
exposure (low, moderate, high, extremely high; Figures 1 and 2). 
Quantitative evaluation was based on internal blood standards  
spiked with [14C] (10 pre-assigned concentrations [range about 
45–56000 µg-eq/L] embedded together with each animal; Table 1). 

• A similar quantitative evaluation was applied for the previous tissue 
distribution study (100 mg/kg [14C]darolutamide perorally to male 
Wistar rats; Table 3). Tissue distribution in male Sprague Dawley rats 
after 30 mg/kg [14C]enzalutamide perorally was evaluated within a 
mass balance study by cut and count (Table 2).9

RESULTS
• Data at 1 and 4 hours post-dose [14C]darolutamide- and  

[14C]enzalutamide-derived radioactivity, respectively, show good 
absorption and homogenous distribution. By 8 hours post-dose,  
[14C]darolutamide was signi!cantly eliminated from almost all  
organs/tissues with the lowest concentrations seen in the brain at 
both timepoints (Table 1), while [14C]enzalutamide showed no relevant 
decrease from 4 hours to 8 hours post-dose in all organs/tissues, 
including the brain and the highest remaining concentrations were 
seen in liver, kidneys, and adipose tissue (Table 1; Figure 1 bottom).
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Figure 1. Qualitative tissue distribution of [14C]darolutamide and [14C]enzalutamide in male Wistar rats using whole body autoradiography (WBA)

Figure 2. Brain distribution of [14C]darolutamide and [14C]enzalutamide 8 hours post-dosing in male Wistar rats using WBA

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
1 h
501

Ratio
Brain/ 
Blood

10 mg/kg
8 h
502

Ratio
Brain/ 
Blood

Blood heart 11.7 0.870
Brain 0.789 0.067 0.0688 0.079
Hypothalamus 0.757 0.064 0.527 0.061

Dose, oral
Sacrifice time
Animal no.

10 mg/kg
4 h
503

Ratio
Brain/ 
Blood

10 mg/kg
8 h
504

Ratio
Brain/ 
Blood

Blood heart 4.25 4.03
Brain 3.08 0.723 3.25 0.807
Hypothalamus 3.08 0.724 3.44 0.854

CONCLUSIONS
• [14C]Darolutamide and [14C]enzalutamide showed good 

absorption and homogenous distribution at early post-dose 
timepoints except in the brain. 

• [14C]Enzalutamide showed a similar concentration in brain to  
that seen in blood; blood–brain barrier (BBB) penetration of  
[14C]darolutamide was 10 times smaller, compared with  
[14C]enzalutamide. 

• [14C]Darolutamide was rapidly eliminated from all tissues 
including the brain, and was almost undetectable at 8 hours 
post-dose. By contrast, [14C]enzalutamide concentration 
remained constant in all tissues.

• Findings for [14C]darolutamide and [14C]enzalutamide in this 
QWBA study are consistent with those observed in previous 
preclinical distribution studies (Tables 2 and 3).

• The current study con!rms the distinct BBB penetration as  
seen in other preclinical studies.10,11 In contrast, the presented 
animal data demonstrate that darolutamide displays only low 
BBB penetration. This may lead to a reduction in the risk  
of CNS-related AEs with darolutamide compared with 
enzalutamide; ongoing clinical studies will provide further 
supporting data (NCT02907372, NCT00579072, NCT03124615).
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• [14C]Enzalutamide concentration was higher in adipose tissue from  
4 hours to 8 hours post-dose than in other organs/tissues 
(approximately 3–5-fold higher than in blood), with no decrease 
during this time-period, whereas [14C]darolutamide concentration 
signi!cantly decreased up to 8 hours post-dose. This observation is 
in line with the longer t# of 16.2 hours for [14C]enzalutamide (Table 2) 
compared with 3.3 hours for [14C]darolutamide (Table 3). 

Darolutamide (1 h post-oral dosing) Darolutamide (8 h post-oral dosing)

Enzalutamide (4 h post-oral dosing)

Darolutamide [µg-eq/g] Enzalutamide [µg-eq/g]

Enzalutamide (8 h post-oral dosing)

Darolutamide [µg-eq/g]Enzalutamide [µg-eq/g]

Dose, oral
Sacrifice time

10 mg/kg
1 h

10 mg/kg
8 h

10 mg/kg
4 h

10 mg/kg
8 h

Brown adipose tissue 6.89 0.541 15.1 15.4

White adipose tissue 2.76 0.171 15.2 21.0

Epididymides 2.42 0.416 6.32 8.11

Kidneys 17.3 2.66 12.0 12.9

Liver 20.2 2.37 22.2 23.7

Lungs 11.0 0.558 5.50 5.67

Preputial gland 7.60 1.37 9.67 10.3

Prostate 5.75 0.768 5.07 6.35

Seminal vesicles 2.65 0.667 2.35 3.04

Skeletal muscle, dorsal 5.22 0.437 3.91 4.29

Testes 1.66 0.523 3.33 3.56

Table 2. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs and 
tissues of male Sprague Dawley rats after single oral administration 
of 30 mg/kg body weight [14C]enzalutamide9

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (cut and count) 9.03 1.00 220 8.94

Brain 10.8 1.19 212 9.08

Fat 102 11.3 2064 16.2

Kidney 39.3 4.35 1200 23.1

Liver 78.5 8.69 2684 29.5

Muscle skeletal 13.4 1.48 295 7.89

Prostate 21.6 2.39 480 18.4

Testes 11.0 1.22 245 8.37
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life

Table 3. Pharmacokinetic parameters calculated from mean 
concentration vs. time data of radioactivity in blood, organs, and 
tissues of male Wistar rats after single oral administration of  
100 mg/kg body weight [14C]darolutamide

Organs/tissues
Ceqmax 

[mg-eq/L]
Ceqmax ratio

Organ-to-blood
AUC

[mg-eq·h/L]
t!
[h]

Blood (QWBA) 27.3 1.00 428 3.69

Brain 2.28 0.0835 34.3 4.17

Fat 26.5 0.971 356 3.31

Kidney 63.2 2.32 1130 7.98

Liver 66.8 2.45 1160 30.3

Muscle skeletal 14.5 0.531 203 3.12

Prostate 18.4 0.674 383 8.01

Testes 11.3 0.414 151 4.40
AUC, area under the curve; Ceqmax, maximum equivalent concentration; t#, half life; 
QWBA, quantitative whole body autoradiography

Table 1. Quantitative tissue distribution of [14C]darolutamide and  
[14C]enzalutamide in male Wistar rats based on WBA

• Following [14C]enzalutamide administration, similar concentrations 
with no decrease over time were seen in brain and blood, while  
[14C]darolutamide concentration in the brain was approximately  
10 times lower than that of the blood and other organs, and 
decreased over time (Figure 2). 

• Key PK parameters of [14C]darolutamide and [14C]enzalutamide in the 
blood, organs and tissues from previous studies in rats are shown in 
Tables 2 and 3. In summary, at least 2-fold longer t# was observed 
for [14C]enzalutamide compared with [14C]darolutamide in almost all 
organs and tissues. Despite the different doses used, the blood:brain 
ratio of [14C]enzalutamide was 10 times higher than that of 
[14C]darolutamide, con!rming the results of the present study. 
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INTRODUCTION
•  Enzalutamide is an androgen receptor inhibitor that improves overall survival and progression-

free survival in patients with metastatic castration-resistant prostate cancer (CRPC) when 
compared with placebo and bicalutamide, respectively.1-4

•  Enzalutamide is highly protein bound5 and eliminated through hepatic metabolism;6 therefore,  
it is important to document its effects on the liver.

•  This post hoc analysis was conducted to evaluate the hepatic effects of enzalutamide versus 
comparators in controlled CRPC trials.

METHODS
•  Safety data from two Phase 3, placebo-controlled (AFFIRM, NCT00974311; PREVAIL, 

NCT0121299; n=2914) and two Phase 2, bicalutamide-controlled (TERRAIN, NCT01288911; 
STRIVE, NCT01664923; n=767) enzalutamide trials in men with CRPC were evaluated for 
hepatic-related adverse events (AEs) [Table 1].

•  In all trials included in this analysis, hepatic-related AEs were assessed using the following 
standardized narrow MedDRA, queries (version 19.1):

  – Hepatic failure, fibrosis and cirrhosis, and other liver damage-related conditions;

  – Hepatitis, non-infectious; and,

  – Liver-related investigations, signs, and symptoms.

•  Incidences of post-baseline liver chemistry abnormalities (alanine aminotransferase [ALT], 
aspartate aminotransferase [AST], and total bilirubin) were also assessed through a review  
of laboratory results.

•  Cases were excluded where the potential hepatic event was not treatment-emergent  
(i.e. the AE occurred prior to initiation of treatment), or case information did not suggest  
a potential drug-induced hepatic AE.

•  Causality assessments of treatment-induced hepatic events were based on the available 
information, including time to onset, confounding factors (previous or concomitant medical 
history or drug history), withdrawal/re-administration, and alternative explanations.

  – Based on the causality assessments, cases were categorized as “not related” or  
“treatment association could not be excluded” by the Marketing Authorization Holder.

  – Cases were classified as “inadequate” if they were missing sufficient information to assess 
causality (i.e., those without supporting evidence of drug-induced hepatic events, such as 
laboratory data or other data related to medical history, concomitant medications, and/or an 
adequate description of the event including latency, event course, treatment, or outcome). 

•  Data are summarized in the following groups: 

  – Patients receiving enzalutamide in Phase 3 trials (n=1671).

  – Patients receiving placebo in Phase 3 trials (n=1243).

  – Patients receiving enzalutamide in Phase 2 trials (n=380).

  – Patients receiving bicalutamide in Phase 2 trials (n=387).

  – Combined enzalutamide-treated patients from Phase 2 and Phase 3 trials (n=2051).

•  Potential hepatic AEs are summarized by treatment group and by severity/outcome categories 
using descriptive statistics.

•  AEs by treatment group are also summarized by categories of treatment duration (!30 days, 
!180 days, and !365 days) and event rates per 100 patient-years due to longer treatment 
durations in the enzalutamide-treated group compared with the placebo- and bicalutamide-
controlled groups in all four studies.

RESULTS
Hepatic-related AEs by treatment group and outcome

•  Forty-three cases of potential hepatic-related AEs were identified in all patients across the 
four trials; of these, six cases were deemed “inadequate” due to insufficient information to 
assess causality.

•  Percentages of hepatic-related AEs were similar between Phase 3 enzalutamide versus 
placebo groups, and between Phase 2 enzalutamide and bicalutamide groups.

  – Incidences of hepatic-related AEs ranged between 2.9% and 4.5% with enzalutamide,  
and were 2.7% with placebo and 5.4% with bicalutamide (Figure 1).

•  Within each trial group, the incidences of grade "3 potential hepatic-related AEs were similar 
in patients receiving enzalutamide and in those receiving placebo and slightly lower in those 
receiving bicalutamide (Table 2).

•  The incidences of dose reductions, interruptions, or discontinuations due to hepatic-related 
AEs within each trial were low with all treatments (!0.5%; Table 2).

•  Across the trials examined, the number of hepatic-related AEs associated with death was low 
(Table 2). 

  – In Phase 3 trials, the incidence of hepatic-related AEs leading to death was #0.1% (one patient) 
with enzalutamide versus 0.2% (three patients) with placebo.

  – In Phase 2 trials, one (0.3%) enzalutamide-treated patient experienced a hepatic-related  
AE leading to death, while no bicalutamide-treated patients died due to a potential  
hepatic-related AE.

Hepatic-related AEs by preferred term

•  Potential hepatic-related AEs with an incidence of $0.1% are summarized by treatment group 
and preferred term in Table 3.

•  The most common hepatic-related AEs were increased AST and ALT (Table 3).

  – Increased AST occurred at a similar rate in all enzalutamide groups and placebo groups, and 
at a higher rate in the bicalutamide group.

  – Increased ALT occurred at a similar rate across all treatment groups. 

Hepatic-related AEs by treatment duration and exposure-adjusted rates

•  When analyzed by treatment duration (Table 4):
  – In the Phase 3 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 1.8% of enzalutamide-treated patients compared to 2.3% of placebo patients.
  – In the Phase 2 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 2.9% of enzalutamide-treated patients versus 4.7% of bicalutamide-treated 
patients.

•  When adjusted for treatment exposure, enzalutamide was associated with lower hepatic-
related AEs per 100 patient-years versus either placebo or bicalutamide (Table 4).

Post-baseline liver chemistry analyses

•  The frequencies of grade 3 or 4 liver chemistry abnormalities or increases by "2 severity 
grades were generally similar between the enzalutamide and placebo groups in the Phase 3 
trials, as well as between enzalutamide and bicalutamide in the Phase 2 trials (data not shown).

  – In the Phase 3 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 0.2% in both groups.

  – In the Phase 2 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 1.1% and 0.8% in the enzalutamide and bicalutamide groups, respectively.
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Table 1. Studies included for treatment group comparisons

Study Phase Comparator Patient population

Treatment  
randomization 
(enzalutamide: 

comparator)
Treatment 

dosage
Treated patients, 

n

Total treatment 
exposure,  

patient-years

AFFIRM 
(NCT00974311)1 3 PBO Post-chemotherapy 

(docetaxel) mCRPC 2:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 800
PBO: 399

ENZA: 677
PBO: 172

PREVAIL 
(NCT0121299)2 3 PBO Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 871
PBO: 844

ENZA: 1294
PBO: 560

TERRAIN 
(NCT01288911)3 2 BIC Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

BIC:
50 mg/day

ENZA: 183
BIC: 189

ENZA: 219
BIC: 144

STRIVE 
(NCT01664923)4 2 BIC Chemotherapy-naïve 

nmCRPC/mCRPC 1:1

ENZA:
160 mg/day

BIC: 
50 mg/day

ENZA: 197
BIC: 198

ENZA: 248
BIC: 182

BIC=bicalutamide; ENZA=enzalutamide; mCRPC=metastatic castration-resistant prostate cancer; nmCRPC=non-metastatic castration-resistant prostate cancer; PBO=placebo.

Table 2. Summary of potential hepatic-related AEs by treatment group and outcome categories

Potential hepatic-related AE, n (%)

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Patients with any potential hepatic AE 49 (2.9) 34 (2.7) 17 (4.5) 21 (5.4) 66 (3.2)

Any grade "3 potential hepatic AE 15 (0.9) 10 (0.8) 4 (1.1) 2 (0.5) 19 (0.9)

Any potential hepatic SAE 5 (0.3) 7 (0.6) 5 (1.3) 2 (0.5) 10 (0.5)

Any potential hepatic AE as primary 
reason for treatment discontinuation 3 (0.2) 2 (0.2) 1 (0.3) 1 (0.3) 4 (0.2)

Any potential hepatic AE leading  
to dose interruption 3 (0.2) 4 (0.3) 2 (0.5) 2 (0.5) 5 (0.2)

Any potential hepatic AE leading  
to dose reduction 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Any potential hepatic AE leading  
to death 1 (#0.1) 3 (0.2) 1 (0.3) 0 2 (#0.1)

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo; SAE=serious adverse event. Table 4. Summary of potential hepatic-related AEs by treatment group, analyzed by treatment duration and 
exposure-adjusted rates

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Any potential hepatic AE within 
first 30 days of treatment, n (%) 9 (0.5) 10 (0.8) 4 (1.1) 0 13 (0.6)

Any potential hepatic AE within 
first 180 days of treatment, n (%) 30 (1.8) 29 (2.3) 11 (2.9) 18 (4.7) 41 (2.0)

Any potential hepatic AE within 
first 365 days of treatment, n (%) 38 (2.3) 31 (2.5) 16 (4.2) 20 (5.2) 54 (2.6)

Potential hepatic AE rates per 100 
patient-years, n* (event rate) 72 (3.7) 47 (6.4) 25 (5.4) 28 (8.6) 97 (4.0)

n=number of patients, unless otherwise stated; *Number of events.
AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo. 

Table 3. Summary of potential hepatic-related AEs by preferred term ($0.1% in any treatment group)

Potential hepatic-related AE, n (%)

Phase 3 
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2 
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

AST increased 15 (0.9) 12 (1.0) 3 (0.8) 7 (1.8) 18 (0.9)

ALT increased 12 (0.7) 7 (0.6) 5 (1.3) 5 (1.3) 17 (0.8)

Blood bilirubin increased 2 (0.1) 1 (#0.1) 5 (1.3) 1 (0.3) 7 (0.3)

GGT increased 3 (0.2) 0 4 (1.1) 3 (0.8) 7 (0.3)

Jaundice 7 (0.4) 1 (#0.1) 0 0 7 (0.3)

LFT abnormal 4 (0.2) 4 (0.3) 1 (0.3) 1 (0.3) 5 (0.2)

Ascites 3 (0.2) 1 (#0.1) 1 (0.3) 2 (0.5) 4 (0.2)

INR increased 3 (0.2) 3 (0.2) 1 (0.3) 4 (1.0) 4 (0.2)

Hepatic enzyme increased 1 (#0.1) 4 (0.3) 1 (0.3) 0 2 (#0.1)

Hepatic failure 1 (#0.1) 0 1 (0.3) 0 2 (#0.1)

Hepatomegaly 2 (0.1) 2 (0.2) 0 0 2 (#0.1)

Hyperbilirubinemia 2 (0.1) 0 0 1 (0.3) 2 (#0.1)

Transaminases increased 1 (#0.1) 2 (0.2) 1 (0.3) 0 2 (#0.1)

GGT abnormal 0 0 0 1 (0.3) 0

Hepatic cirrhosis 0 0 0 1 (0.3) 0

Hepatic encephalopathy 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatic pain 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatitis chronic active 0 0 0 1 (0.3) 0

Liver injury 0 0 0 1 (0.3) 0

AE=adverse event; ALT=alanine aminotransferase; AST=aspartate aminotransferase; BIC=bicalutamide; ENZA=enzalutamide; GGT=gamma-glutamyl transpeptidase; INR=international 
normalized ratio; LFT=liver function test; PBO=placebo. 

CONCLUSIONS
• In Phase 3 and Phase 2 trials, the rate of potential hepatic-related 

AEs were generally low and comparable in the enzalutamide groups 
versus placebo and bicalutamide groups, respectively, despite the 
longer exposure with enzalutamide. The exposure-adjusted rates 
were lower for the enzalutamide groups.

• The incidences of grade "3 potential hepatic-related AEs were low 
and generally similar between the enzalutamide and placebo groups 
in the Phase 3 trials, and slightly lower in the bicalutamide group 
compared with enzalutamide in Phase 2 trials.

• The observed frequencies of hepatic events/laboratory abnormalities 
were generally low across all groups, and the aggregate analyses of 
liver laboratory data did not reveal a consistent pattern of treatment 
differences in liver chemistry tests in the Phase 3 and Phase 2 trials.

• Taken together, data from this combined analysis of CRPC trials 
indicate that, after adjustment for exposure, hepatic toxicity with 
enzalutamide is no greater than the comparators.

Figure 1. Incidence of potential hepatic-related AEs

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo.
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INTRODUCTION
•  Enzalutamide is an androgen receptor inhibitor that improves overall survival and progression-

free survival in patients with metastatic castration-resistant prostate cancer (CRPC) when 
compared with placebo and bicalutamide, respectively.1-4

•  Enzalutamide is highly protein bound5 and eliminated through hepatic metabolism;6 therefore,  
it is important to document its effects on the liver.

•  This post hoc analysis was conducted to evaluate the hepatic effects of enzalutamide versus 
comparators in controlled CRPC trials.

METHODS
•  Safety data from two Phase 3, placebo-controlled (AFFIRM, NCT00974311; PREVAIL, 

NCT0121299; n=2914) and two Phase 2, bicalutamide-controlled (TERRAIN, NCT01288911; 
STRIVE, NCT01664923; n=767) enzalutamide trials in men with CRPC were evaluated for 
hepatic-related adverse events (AEs) [Table 1].

•  In all trials included in this analysis, hepatic-related AEs were assessed using the following 
standardized narrow MedDRA, queries (version 19.1):

  – Hepatic failure, fibrosis and cirrhosis, and other liver damage-related conditions;

  – Hepatitis, non-infectious; and,

  – Liver-related investigations, signs, and symptoms.

•  Incidences of post-baseline liver chemistry abnormalities (alanine aminotransferase [ALT], 
aspartate aminotransferase [AST], and total bilirubin) were also assessed through a review  
of laboratory results.

•  Cases were excluded where the potential hepatic event was not treatment-emergent  
(i.e. the AE occurred prior to initiation of treatment), or case information did not suggest  
a potential drug-induced hepatic AE.

•  Causality assessments of treatment-induced hepatic events were based on the available 
information, including time to onset, confounding factors (previous or concomitant medical 
history or drug history), withdrawal/re-administration, and alternative explanations.

  – Based on the causality assessments, cases were categorized as “not related” or  
“treatment association could not be excluded” by the Marketing Authorization Holder.

  – Cases were classified as “inadequate” if they were missing sufficient information to assess 
causality (i.e., those without supporting evidence of drug-induced hepatic events, such as 
laboratory data or other data related to medical history, concomitant medications, and/or an 
adequate description of the event including latency, event course, treatment, or outcome). 

•  Data are summarized in the following groups: 

  – Patients receiving enzalutamide in Phase 3 trials (n=1671).

  – Patients receiving placebo in Phase 3 trials (n=1243).

  – Patients receiving enzalutamide in Phase 2 trials (n=380).

  – Patients receiving bicalutamide in Phase 2 trials (n=387).

  – Combined enzalutamide-treated patients from Phase 2 and Phase 3 trials (n=2051).

•  Potential hepatic AEs are summarized by treatment group and by severity/outcome categories 
using descriptive statistics.

•  AEs by treatment group are also summarized by categories of treatment duration (!30 days, 
!180 days, and !365 days) and event rates per 100 patient-years due to longer treatment 
durations in the enzalutamide-treated group compared with the placebo- and bicalutamide-
controlled groups in all four studies.

RESULTS
Hepatic-related AEs by treatment group and outcome

•  Forty-three cases of potential hepatic-related AEs were identified in all patients across the 
four trials; of these, six cases were deemed “inadequate” due to insufficient information to 
assess causality.

•  Percentages of hepatic-related AEs were similar between Phase 3 enzalutamide versus 
placebo groups, and between Phase 2 enzalutamide and bicalutamide groups.

  – Incidences of hepatic-related AEs ranged between 2.9% and 4.5% with enzalutamide,  
and were 2.7% with placebo and 5.4% with bicalutamide (Figure 1).

•  Within each trial group, the incidences of grade "3 potential hepatic-related AEs were similar 
in patients receiving enzalutamide and in those receiving placebo and slightly lower in those 
receiving bicalutamide (Table 2).

•  The incidences of dose reductions, interruptions, or discontinuations due to hepatic-related 
AEs within each trial were low with all treatments (!0.5%; Table 2).

•  Across the trials examined, the number of hepatic-related AEs associated with death was low 
(Table 2). 

  – In Phase 3 trials, the incidence of hepatic-related AEs leading to death was #0.1% (one patient) 
with enzalutamide versus 0.2% (three patients) with placebo.

  – In Phase 2 trials, one (0.3%) enzalutamide-treated patient experienced a hepatic-related  
AE leading to death, while no bicalutamide-treated patients died due to a potential  
hepatic-related AE.

Hepatic-related AEs by preferred term

•  Potential hepatic-related AEs with an incidence of $0.1% are summarized by treatment group 
and preferred term in Table 3.

•  The most common hepatic-related AEs were increased AST and ALT (Table 3).

  – Increased AST occurred at a similar rate in all enzalutamide groups and placebo groups, and 
at a higher rate in the bicalutamide group.

  – Increased ALT occurred at a similar rate across all treatment groups. 

Hepatic-related AEs by treatment duration and exposure-adjusted rates

•  When analyzed by treatment duration (Table 4):
  – In the Phase 3 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 1.8% of enzalutamide-treated patients compared to 2.3% of placebo patients.
  – In the Phase 2 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 2.9% of enzalutamide-treated patients versus 4.7% of bicalutamide-treated 
patients.

•  When adjusted for treatment exposure, enzalutamide was associated with lower hepatic-
related AEs per 100 patient-years versus either placebo or bicalutamide (Table 4).

Post-baseline liver chemistry analyses

•  The frequencies of grade 3 or 4 liver chemistry abnormalities or increases by "2 severity 
grades were generally similar between the enzalutamide and placebo groups in the Phase 3 
trials, as well as between enzalutamide and bicalutamide in the Phase 2 trials (data not shown).

  – In the Phase 3 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 0.2% in both groups.

  – In the Phase 2 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 1.1% and 0.8% in the enzalutamide and bicalutamide groups, respectively.
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Table 1. Studies included for treatment group comparisons

Study Phase Comparator Patient population

Treatment  
randomization 
(enzalutamide: 

comparator)
Treatment 

dosage
Treated patients, 

n

Total treatment 
exposure,  

patient-years

AFFIRM 
(NCT00974311)1 3 PBO Post-chemotherapy 

(docetaxel) mCRPC 2:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 800
PBO: 399

ENZA: 677
PBO: 172

PREVAIL 
(NCT0121299)2 3 PBO Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 871
PBO: 844

ENZA: 1294
PBO: 560

TERRAIN 
(NCT01288911)3 2 BIC Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

BIC:
50 mg/day

ENZA: 183
BIC: 189

ENZA: 219
BIC: 144

STRIVE 
(NCT01664923)4 2 BIC Chemotherapy-naïve 

nmCRPC/mCRPC 1:1

ENZA:
160 mg/day

BIC: 
50 mg/day

ENZA: 197
BIC: 198

ENZA: 248
BIC: 182

BIC=bicalutamide; ENZA=enzalutamide; mCRPC=metastatic castration-resistant prostate cancer; nmCRPC=non-metastatic castration-resistant prostate cancer; PBO=placebo.

Table 2. Summary of potential hepatic-related AEs by treatment group and outcome categories

Potential hepatic-related AE, n (%)

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Patients with any potential hepatic AE 49 (2.9) 34 (2.7) 17 (4.5) 21 (5.4) 66 (3.2)

Any grade "3 potential hepatic AE 15 (0.9) 10 (0.8) 4 (1.1) 2 (0.5) 19 (0.9)

Any potential hepatic SAE 5 (0.3) 7 (0.6) 5 (1.3) 2 (0.5) 10 (0.5)

Any potential hepatic AE as primary 
reason for treatment discontinuation 3 (0.2) 2 (0.2) 1 (0.3) 1 (0.3) 4 (0.2)

Any potential hepatic AE leading  
to dose interruption 3 (0.2) 4 (0.3) 2 (0.5) 2 (0.5) 5 (0.2)

Any potential hepatic AE leading  
to dose reduction 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Any potential hepatic AE leading  
to death 1 (#0.1) 3 (0.2) 1 (0.3) 0 2 (#0.1)

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo; SAE=serious adverse event. Table 4. Summary of potential hepatic-related AEs by treatment group, analyzed by treatment duration and 
exposure-adjusted rates

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Any potential hepatic AE within 
first 30 days of treatment, n (%) 9 (0.5) 10 (0.8) 4 (1.1) 0 13 (0.6)

Any potential hepatic AE within 
first 180 days of treatment, n (%) 30 (1.8) 29 (2.3) 11 (2.9) 18 (4.7) 41 (2.0)

Any potential hepatic AE within 
first 365 days of treatment, n (%) 38 (2.3) 31 (2.5) 16 (4.2) 20 (5.2) 54 (2.6)

Potential hepatic AE rates per 100 
patient-years, n* (event rate) 72 (3.7) 47 (6.4) 25 (5.4) 28 (8.6) 97 (4.0)

n=number of patients, unless otherwise stated; *Number of events.
AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo. 

Table 3. Summary of potential hepatic-related AEs by preferred term ($0.1% in any treatment group)

Potential hepatic-related AE, n (%)

Phase 3 
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2 
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

AST increased 15 (0.9) 12 (1.0) 3 (0.8) 7 (1.8) 18 (0.9)

ALT increased 12 (0.7) 7 (0.6) 5 (1.3) 5 (1.3) 17 (0.8)

Blood bilirubin increased 2 (0.1) 1 (#0.1) 5 (1.3) 1 (0.3) 7 (0.3)

GGT increased 3 (0.2) 0 4 (1.1) 3 (0.8) 7 (0.3)

Jaundice 7 (0.4) 1 (#0.1) 0 0 7 (0.3)

LFT abnormal 4 (0.2) 4 (0.3) 1 (0.3) 1 (0.3) 5 (0.2)

Ascites 3 (0.2) 1 (#0.1) 1 (0.3) 2 (0.5) 4 (0.2)

INR increased 3 (0.2) 3 (0.2) 1 (0.3) 4 (1.0) 4 (0.2)

Hepatic enzyme increased 1 (#0.1) 4 (0.3) 1 (0.3) 0 2 (#0.1)

Hepatic failure 1 (#0.1) 0 1 (0.3) 0 2 (#0.1)

Hepatomegaly 2 (0.1) 2 (0.2) 0 0 2 (#0.1)

Hyperbilirubinemia 2 (0.1) 0 0 1 (0.3) 2 (#0.1)

Transaminases increased 1 (#0.1) 2 (0.2) 1 (0.3) 0 2 (#0.1)

GGT abnormal 0 0 0 1 (0.3) 0

Hepatic cirrhosis 0 0 0 1 (0.3) 0

Hepatic encephalopathy 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatic pain 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatitis chronic active 0 0 0 1 (0.3) 0

Liver injury 0 0 0 1 (0.3) 0

AE=adverse event; ALT=alanine aminotransferase; AST=aspartate aminotransferase; BIC=bicalutamide; ENZA=enzalutamide; GGT=gamma-glutamyl transpeptidase; INR=international 
normalized ratio; LFT=liver function test; PBO=placebo. 

CONCLUSIONS
• In Phase 3 and Phase 2 trials, the rate of potential hepatic-related 

AEs were generally low and comparable in the enzalutamide groups 
versus placebo and bicalutamide groups, respectively, despite the 
longer exposure with enzalutamide. The exposure-adjusted rates 
were lower for the enzalutamide groups.

• The incidences of grade "3 potential hepatic-related AEs were low 
and generally similar between the enzalutamide and placebo groups 
in the Phase 3 trials, and slightly lower in the bicalutamide group 
compared with enzalutamide in Phase 2 trials.

• The observed frequencies of hepatic events/laboratory abnormalities 
were generally low across all groups, and the aggregate analyses of 
liver laboratory data did not reveal a consistent pattern of treatment 
differences in liver chemistry tests in the Phase 3 and Phase 2 trials.

• Taken together, data from this combined analysis of CRPC trials 
indicate that, after adjustment for exposure, hepatic toxicity with 
enzalutamide is no greater than the comparators.

Figure 1. Incidence of potential hepatic-related AEs

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo.
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INTRODUCTION
•  Enzalutamide is an androgen receptor inhibitor that improves overall survival and progression-

free survival in patients with metastatic castration-resistant prostate cancer (CRPC) when 
compared with placebo and bicalutamide, respectively.1-4

•  Enzalutamide is highly protein bound5 and eliminated through hepatic metabolism;6 therefore,  
it is important to document its effects on the liver.

•  This post hoc analysis was conducted to evaluate the hepatic effects of enzalutamide versus 
comparators in controlled CRPC trials.

METHODS
•  Safety data from two Phase 3, placebo-controlled (AFFIRM, NCT00974311; PREVAIL, 

NCT0121299; n=2914) and two Phase 2, bicalutamide-controlled (TERRAIN, NCT01288911; 
STRIVE, NCT01664923; n=767) enzalutamide trials in men with CRPC were evaluated for 
hepatic-related adverse events (AEs) [Table 1].

•  In all trials included in this analysis, hepatic-related AEs were assessed using the following 
standardized narrow MedDRA, queries (version 19.1):

  – Hepatic failure, fibrosis and cirrhosis, and other liver damage-related conditions;

  – Hepatitis, non-infectious; and,

  – Liver-related investigations, signs, and symptoms.

•  Incidences of post-baseline liver chemistry abnormalities (alanine aminotransferase [ALT], 
aspartate aminotransferase [AST], and total bilirubin) were also assessed through a review  
of laboratory results.

•  Cases were excluded where the potential hepatic event was not treatment-emergent  
(i.e. the AE occurred prior to initiation of treatment), or case information did not suggest  
a potential drug-induced hepatic AE.

•  Causality assessments of treatment-induced hepatic events were based on the available 
information, including time to onset, confounding factors (previous or concomitant medical 
history or drug history), withdrawal/re-administration, and alternative explanations.

  – Based on the causality assessments, cases were categorized as “not related” or  
“treatment association could not be excluded” by the Marketing Authorization Holder.

  – Cases were classified as “inadequate” if they were missing sufficient information to assess 
causality (i.e., those without supporting evidence of drug-induced hepatic events, such as 
laboratory data or other data related to medical history, concomitant medications, and/or an 
adequate description of the event including latency, event course, treatment, or outcome). 

•  Data are summarized in the following groups: 

  – Patients receiving enzalutamide in Phase 3 trials (n=1671).

  – Patients receiving placebo in Phase 3 trials (n=1243).

  – Patients receiving enzalutamide in Phase 2 trials (n=380).

  – Patients receiving bicalutamide in Phase 2 trials (n=387).

  – Combined enzalutamide-treated patients from Phase 2 and Phase 3 trials (n=2051).

•  Potential hepatic AEs are summarized by treatment group and by severity/outcome categories 
using descriptive statistics.

•  AEs by treatment group are also summarized by categories of treatment duration (!30 days, 
!180 days, and !365 days) and event rates per 100 patient-years due to longer treatment 
durations in the enzalutamide-treated group compared with the placebo- and bicalutamide-
controlled groups in all four studies.

RESULTS
Hepatic-related AEs by treatment group and outcome

•  Forty-three cases of potential hepatic-related AEs were identified in all patients across the 
four trials; of these, six cases were deemed “inadequate” due to insufficient information to 
assess causality.

•  Percentages of hepatic-related AEs were similar between Phase 3 enzalutamide versus 
placebo groups, and between Phase 2 enzalutamide and bicalutamide groups.

  – Incidences of hepatic-related AEs ranged between 2.9% and 4.5% with enzalutamide,  
and were 2.7% with placebo and 5.4% with bicalutamide (Figure 1).

•  Within each trial group, the incidences of grade "3 potential hepatic-related AEs were similar 
in patients receiving enzalutamide and in those receiving placebo and slightly lower in those 
receiving bicalutamide (Table 2).

•  The incidences of dose reductions, interruptions, or discontinuations due to hepatic-related 
AEs within each trial were low with all treatments (!0.5%; Table 2).

•  Across the trials examined, the number of hepatic-related AEs associated with death was low 
(Table 2). 

  – In Phase 3 trials, the incidence of hepatic-related AEs leading to death was #0.1% (one patient) 
with enzalutamide versus 0.2% (three patients) with placebo.

  – In Phase 2 trials, one (0.3%) enzalutamide-treated patient experienced a hepatic-related  
AE leading to death, while no bicalutamide-treated patients died due to a potential  
hepatic-related AE.

Hepatic-related AEs by preferred term

•  Potential hepatic-related AEs with an incidence of $0.1% are summarized by treatment group 
and preferred term in Table 3.

•  The most common hepatic-related AEs were increased AST and ALT (Table 3).

  – Increased AST occurred at a similar rate in all enzalutamide groups and placebo groups, and 
at a higher rate in the bicalutamide group.

  – Increased ALT occurred at a similar rate across all treatment groups. 

Hepatic-related AEs by treatment duration and exposure-adjusted rates

•  When analyzed by treatment duration (Table 4):
  – In the Phase 3 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 1.8% of enzalutamide-treated patients compared to 2.3% of placebo patients.
  – In the Phase 2 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 2.9% of enzalutamide-treated patients versus 4.7% of bicalutamide-treated 
patients.

•  When adjusted for treatment exposure, enzalutamide was associated with lower hepatic-
related AEs per 100 patient-years versus either placebo or bicalutamide (Table 4).

Post-baseline liver chemistry analyses

•  The frequencies of grade 3 or 4 liver chemistry abnormalities or increases by "2 severity 
grades were generally similar between the enzalutamide and placebo groups in the Phase 3 
trials, as well as between enzalutamide and bicalutamide in the Phase 2 trials (data not shown).

  – In the Phase 3 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 0.2% in both groups.

  – In the Phase 2 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 1.1% and 0.8% in the enzalutamide and bicalutamide groups, respectively.

Hepatic effects assessed by review of safety data in enzalutamide castration-resistant prostate cancer trials
Tomasz M. Beer,1,* Simon Chowdhury,2 Fred Saad,3 Neal D. Shore,4 Celestia S. Higano,5 Peter Iversen,6 Karim Fizazi,7 Kurt Miller,8 Axel Heidenreich,9  

Choung Soo Kim,10 De Phung,11 Jeffrey Barrus,12 Natalia Nikolayeva,11 Andrew Krivoshik,12 Javier Waksman,13 Bertrand Tombal14

1Knight Cancer Institute, Oregon Health & Science University, Portland, OR, USA; 2Guy’s, King’s and St Thomas’ Hospitals, London, UK; 3Centre Hospitalier de l’Université de Montréal/CRCHUM, Montreal, Quebec, Canada; 4Carolina Urologic Research Center, Myrtle Beach, SC, USA;  
5University of Washington and Fred Hutchinson Cancer Research Center, Seattle, WA, USA; 6University of Copenhagen, Rigshospitalet, Copenhagen, Denmark; 7Institut Gustave Roussy, University of Paris Sud, Paris, France; 8Charité Campus Benjamin Franklin, Berlin, Germany; 9Cologne University, Cologne, Germany;  

10Asan Medical Center, University of Ulsan, Seoul, South Korea; 11Astellas Pharma Inc., Leiden, the Netherlands; 12Astellas Pharma Inc., Northbrook, IL, USA; 13Pfizer Inc., San Francisco, CA, USA; 14Urology, Cliniques Universitaires Saint-Luc, Brussels, Belgium

*beert@ohsu.edu  ASCO Genitourinary Cancers Symposium, February 8–10, 2018, San Francisco, CA, USA

Table 1. Studies included for treatment group comparisons

Study Phase Comparator Patient population

Treatment  
randomization 
(enzalutamide: 

comparator)
Treatment 

dosage
Treated patients, 

n

Total treatment 
exposure,  

patient-years

AFFIRM 
(NCT00974311)1 3 PBO Post-chemotherapy 

(docetaxel) mCRPC 2:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 800
PBO: 399

ENZA: 677
PBO: 172

PREVAIL 
(NCT0121299)2 3 PBO Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 871
PBO: 844

ENZA: 1294
PBO: 560

TERRAIN 
(NCT01288911)3 2 BIC Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

BIC:
50 mg/day

ENZA: 183
BIC: 189

ENZA: 219
BIC: 144

STRIVE 
(NCT01664923)4 2 BIC Chemotherapy-naïve 

nmCRPC/mCRPC 1:1

ENZA:
160 mg/day

BIC: 
50 mg/day

ENZA: 197
BIC: 198

ENZA: 248
BIC: 182

BIC=bicalutamide; ENZA=enzalutamide; mCRPC=metastatic castration-resistant prostate cancer; nmCRPC=non-metastatic castration-resistant prostate cancer; PBO=placebo.

Table 2. Summary of potential hepatic-related AEs by treatment group and outcome categories

Potential hepatic-related AE, n (%)

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Patients with any potential hepatic AE 49 (2.9) 34 (2.7) 17 (4.5) 21 (5.4) 66 (3.2)

Any grade "3 potential hepatic AE 15 (0.9) 10 (0.8) 4 (1.1) 2 (0.5) 19 (0.9)

Any potential hepatic SAE 5 (0.3) 7 (0.6) 5 (1.3) 2 (0.5) 10 (0.5)

Any potential hepatic AE as primary 
reason for treatment discontinuation 3 (0.2) 2 (0.2) 1 (0.3) 1 (0.3) 4 (0.2)

Any potential hepatic AE leading  
to dose interruption 3 (0.2) 4 (0.3) 2 (0.5) 2 (0.5) 5 (0.2)

Any potential hepatic AE leading  
to dose reduction 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Any potential hepatic AE leading  
to death 1 (#0.1) 3 (0.2) 1 (0.3) 0 2 (#0.1)

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo; SAE=serious adverse event. Table 4. Summary of potential hepatic-related AEs by treatment group, analyzed by treatment duration and 
exposure-adjusted rates

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Any potential hepatic AE within 
first 30 days of treatment, n (%) 9 (0.5) 10 (0.8) 4 (1.1) 0 13 (0.6)

Any potential hepatic AE within 
first 180 days of treatment, n (%) 30 (1.8) 29 (2.3) 11 (2.9) 18 (4.7) 41 (2.0)

Any potential hepatic AE within 
first 365 days of treatment, n (%) 38 (2.3) 31 (2.5) 16 (4.2) 20 (5.2) 54 (2.6)

Potential hepatic AE rates per 100 
patient-years, n* (event rate) 72 (3.7) 47 (6.4) 25 (5.4) 28 (8.6) 97 (4.0)

n=number of patients, unless otherwise stated; *Number of events.
AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo. 

Table 3. Summary of potential hepatic-related AEs by preferred term ($0.1% in any treatment group)

Potential hepatic-related AE, n (%)

Phase 3 
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2 
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

AST increased 15 (0.9) 12 (1.0) 3 (0.8) 7 (1.8) 18 (0.9)

ALT increased 12 (0.7) 7 (0.6) 5 (1.3) 5 (1.3) 17 (0.8)

Blood bilirubin increased 2 (0.1) 1 (#0.1) 5 (1.3) 1 (0.3) 7 (0.3)

GGT increased 3 (0.2) 0 4 (1.1) 3 (0.8) 7 (0.3)

Jaundice 7 (0.4) 1 (#0.1) 0 0 7 (0.3)

LFT abnormal 4 (0.2) 4 (0.3) 1 (0.3) 1 (0.3) 5 (0.2)

Ascites 3 (0.2) 1 (#0.1) 1 (0.3) 2 (0.5) 4 (0.2)

INR increased 3 (0.2) 3 (0.2) 1 (0.3) 4 (1.0) 4 (0.2)

Hepatic enzyme increased 1 (#0.1) 4 (0.3) 1 (0.3) 0 2 (#0.1)

Hepatic failure 1 (#0.1) 0 1 (0.3) 0 2 (#0.1)

Hepatomegaly 2 (0.1) 2 (0.2) 0 0 2 (#0.1)

Hyperbilirubinemia 2 (0.1) 0 0 1 (0.3) 2 (#0.1)

Transaminases increased 1 (#0.1) 2 (0.2) 1 (0.3) 0 2 (#0.1)

GGT abnormal 0 0 0 1 (0.3) 0

Hepatic cirrhosis 0 0 0 1 (0.3) 0

Hepatic encephalopathy 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatic pain 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatitis chronic active 0 0 0 1 (0.3) 0

Liver injury 0 0 0 1 (0.3) 0

AE=adverse event; ALT=alanine aminotransferase; AST=aspartate aminotransferase; BIC=bicalutamide; ENZA=enzalutamide; GGT=gamma-glutamyl transpeptidase; INR=international 
normalized ratio; LFT=liver function test; PBO=placebo. 

CONCLUSIONS
• In Phase 3 and Phase 2 trials, the rate of potential hepatic-related 

AEs were generally low and comparable in the enzalutamide groups 
versus placebo and bicalutamide groups, respectively, despite the 
longer exposure with enzalutamide. The exposure-adjusted rates 
were lower for the enzalutamide groups.

• The incidences of grade "3 potential hepatic-related AEs were low 
and generally similar between the enzalutamide and placebo groups 
in the Phase 3 trials, and slightly lower in the bicalutamide group 
compared with enzalutamide in Phase 2 trials.

• The observed frequencies of hepatic events/laboratory abnormalities 
were generally low across all groups, and the aggregate analyses of 
liver laboratory data did not reveal a consistent pattern of treatment 
differences in liver chemistry tests in the Phase 3 and Phase 2 trials.

• Taken together, data from this combined analysis of CRPC trials 
indicate that, after adjustment for exposure, hepatic toxicity with 
enzalutamide is no greater than the comparators.

Figure 1. Incidence of potential hepatic-related AEs

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo.
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INTRODUCTION
•  Enzalutamide is an androgen receptor inhibitor that improves overall survival and progression-

free survival in patients with metastatic castration-resistant prostate cancer (CRPC) when 
compared with placebo and bicalutamide, respectively.1-4

•  Enzalutamide is highly protein bound5 and eliminated through hepatic metabolism;6 therefore,  
it is important to document its effects on the liver.

•  This post hoc analysis was conducted to evaluate the hepatic effects of enzalutamide versus 
comparators in controlled CRPC trials.

METHODS
•  Safety data from two Phase 3, placebo-controlled (AFFIRM, NCT00974311; PREVAIL, 

NCT0121299; n=2914) and two Phase 2, bicalutamide-controlled (TERRAIN, NCT01288911; 
STRIVE, NCT01664923; n=767) enzalutamide trials in men with CRPC were evaluated for 
hepatic-related adverse events (AEs) [Table 1].

•  In all trials included in this analysis, hepatic-related AEs were assessed using the following 
standardized narrow MedDRA, queries (version 19.1):

  – Hepatic failure, fibrosis and cirrhosis, and other liver damage-related conditions;

  – Hepatitis, non-infectious; and,

  – Liver-related investigations, signs, and symptoms.

•  Incidences of post-baseline liver chemistry abnormalities (alanine aminotransferase [ALT], 
aspartate aminotransferase [AST], and total bilirubin) were also assessed through a review  
of laboratory results.

•  Cases were excluded where the potential hepatic event was not treatment-emergent  
(i.e. the AE occurred prior to initiation of treatment), or case information did not suggest  
a potential drug-induced hepatic AE.

•  Causality assessments of treatment-induced hepatic events were based on the available 
information, including time to onset, confounding factors (previous or concomitant medical 
history or drug history), withdrawal/re-administration, and alternative explanations.

  – Based on the causality assessments, cases were categorized as “not related” or  
“treatment association could not be excluded” by the Marketing Authorization Holder.

  – Cases were classified as “inadequate” if they were missing sufficient information to assess 
causality (i.e., those without supporting evidence of drug-induced hepatic events, such as 
laboratory data or other data related to medical history, concomitant medications, and/or an 
adequate description of the event including latency, event course, treatment, or outcome). 

•  Data are summarized in the following groups: 

  – Patients receiving enzalutamide in Phase 3 trials (n=1671).

  – Patients receiving placebo in Phase 3 trials (n=1243).

  – Patients receiving enzalutamide in Phase 2 trials (n=380).

  – Patients receiving bicalutamide in Phase 2 trials (n=387).

  – Combined enzalutamide-treated patients from Phase 2 and Phase 3 trials (n=2051).

•  Potential hepatic AEs are summarized by treatment group and by severity/outcome categories 
using descriptive statistics.

•  AEs by treatment group are also summarized by categories of treatment duration (!30 days, 
!180 days, and !365 days) and event rates per 100 patient-years due to longer treatment 
durations in the enzalutamide-treated group compared with the placebo- and bicalutamide-
controlled groups in all four studies.

RESULTS
Hepatic-related AEs by treatment group and outcome

•  Forty-three cases of potential hepatic-related AEs were identified in all patients across the 
four trials; of these, six cases were deemed “inadequate” due to insufficient information to 
assess causality.

•  Percentages of hepatic-related AEs were similar between Phase 3 enzalutamide versus 
placebo groups, and between Phase 2 enzalutamide and bicalutamide groups.

  – Incidences of hepatic-related AEs ranged between 2.9% and 4.5% with enzalutamide,  
and were 2.7% with placebo and 5.4% with bicalutamide (Figure 1).

•  Within each trial group, the incidences of grade "3 potential hepatic-related AEs were similar 
in patients receiving enzalutamide and in those receiving placebo and slightly lower in those 
receiving bicalutamide (Table 2).

•  The incidences of dose reductions, interruptions, or discontinuations due to hepatic-related 
AEs within each trial were low with all treatments (!0.5%; Table 2).

•  Across the trials examined, the number of hepatic-related AEs associated with death was low 
(Table 2). 

  – In Phase 3 trials, the incidence of hepatic-related AEs leading to death was #0.1% (one patient) 
with enzalutamide versus 0.2% (three patients) with placebo.

  – In Phase 2 trials, one (0.3%) enzalutamide-treated patient experienced a hepatic-related  
AE leading to death, while no bicalutamide-treated patients died due to a potential  
hepatic-related AE.

Hepatic-related AEs by preferred term

•  Potential hepatic-related AEs with an incidence of $0.1% are summarized by treatment group 
and preferred term in Table 3.

•  The most common hepatic-related AEs were increased AST and ALT (Table 3).

  – Increased AST occurred at a similar rate in all enzalutamide groups and placebo groups, and 
at a higher rate in the bicalutamide group.

  – Increased ALT occurred at a similar rate across all treatment groups. 

Hepatic-related AEs by treatment duration and exposure-adjusted rates

•  When analyzed by treatment duration (Table 4):
  – In the Phase 3 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 1.8% of enzalutamide-treated patients compared to 2.3% of placebo patients.
  – In the Phase 2 trials, potential hepatic-related AEs within the first 180 days of treatment 

occurred in 2.9% of enzalutamide-treated patients versus 4.7% of bicalutamide-treated 
patients.

•  When adjusted for treatment exposure, enzalutamide was associated with lower hepatic-
related AEs per 100 patient-years versus either placebo or bicalutamide (Table 4).

Post-baseline liver chemistry analyses

•  The frequencies of grade 3 or 4 liver chemistry abnormalities or increases by "2 severity 
grades were generally similar between the enzalutamide and placebo groups in the Phase 3 
trials, as well as between enzalutamide and bicalutamide in the Phase 2 trials (data not shown).

  – In the Phase 3 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 0.2% in both groups.

  – In the Phase 2 trials, the frequencies of patients with post-baseline grade 3 or 4 ALT values 
were 1.1% and 0.8% in the enzalutamide and bicalutamide groups, respectively.

Hepatic effects assessed by review of safety data in enzalutamide castration-resistant prostate cancer trials
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Table 1. Studies included for treatment group comparisons

Study Phase Comparator Patient population

Treatment  
randomization 
(enzalutamide: 

comparator)
Treatment 

dosage
Treated patients, 

n

Total treatment 
exposure,  

patient-years

AFFIRM 
(NCT00974311)1 3 PBO Post-chemotherapy 

(docetaxel) mCRPC 2:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 800
PBO: 399

ENZA: 677
PBO: 172

PREVAIL 
(NCT0121299)2 3 PBO Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

PBO: matched 
capsules

ENZA: 871
PBO: 844

ENZA: 1294
PBO: 560

TERRAIN 
(NCT01288911)3 2 BIC Chemotherapy-naïve 

mCRPC 1:1

ENZA:
160 mg/day

BIC:
50 mg/day

ENZA: 183
BIC: 189

ENZA: 219
BIC: 144

STRIVE 
(NCT01664923)4 2 BIC Chemotherapy-naïve 

nmCRPC/mCRPC 1:1

ENZA:
160 mg/day

BIC: 
50 mg/day

ENZA: 197
BIC: 198

ENZA: 248
BIC: 182

BIC=bicalutamide; ENZA=enzalutamide; mCRPC=metastatic castration-resistant prostate cancer; nmCRPC=non-metastatic castration-resistant prostate cancer; PBO=placebo.

Table 2. Summary of potential hepatic-related AEs by treatment group and outcome categories

Potential hepatic-related AE, n (%)

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Patients with any potential hepatic AE 49 (2.9) 34 (2.7) 17 (4.5) 21 (5.4) 66 (3.2)

Any grade "3 potential hepatic AE 15 (0.9) 10 (0.8) 4 (1.1) 2 (0.5) 19 (0.9)

Any potential hepatic SAE 5 (0.3) 7 (0.6) 5 (1.3) 2 (0.5) 10 (0.5)

Any potential hepatic AE as primary 
reason for treatment discontinuation 3 (0.2) 2 (0.2) 1 (0.3) 1 (0.3) 4 (0.2)

Any potential hepatic AE leading  
to dose interruption 3 (0.2) 4 (0.3) 2 (0.5) 2 (0.5) 5 (0.2)

Any potential hepatic AE leading  
to dose reduction 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Any potential hepatic AE leading  
to death 1 (#0.1) 3 (0.2) 1 (0.3) 0 2 (#0.1)

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo; SAE=serious adverse event. Table 4. Summary of potential hepatic-related AEs by treatment group, analyzed by treatment duration and 
exposure-adjusted rates

Phase 3  
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2  
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

Any potential hepatic AE within 
first 30 days of treatment, n (%) 9 (0.5) 10 (0.8) 4 (1.1) 0 13 (0.6)

Any potential hepatic AE within 
first 180 days of treatment, n (%) 30 (1.8) 29 (2.3) 11 (2.9) 18 (4.7) 41 (2.0)

Any potential hepatic AE within 
first 365 days of treatment, n (%) 38 (2.3) 31 (2.5) 16 (4.2) 20 (5.2) 54 (2.6)

Potential hepatic AE rates per 100 
patient-years, n* (event rate) 72 (3.7) 47 (6.4) 25 (5.4) 28 (8.6) 97 (4.0)

n=number of patients, unless otherwise stated; *Number of events.
AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo. 

Table 3. Summary of potential hepatic-related AEs by preferred term ($0.1% in any treatment group)

Potential hepatic-related AE, n (%)

Phase 3 
ENZA

(n=1671)

Phase 3  
PBO

(n=1243)

Phase 2 
ENZA

(n=380)

Phase 2  
BIC

(n=387)

Combined 
ENZA

(n=2051)

AST increased 15 (0.9) 12 (1.0) 3 (0.8) 7 (1.8) 18 (0.9)

ALT increased 12 (0.7) 7 (0.6) 5 (1.3) 5 (1.3) 17 (0.8)

Blood bilirubin increased 2 (0.1) 1 (#0.1) 5 (1.3) 1 (0.3) 7 (0.3)

GGT increased 3 (0.2) 0 4 (1.1) 3 (0.8) 7 (0.3)

Jaundice 7 (0.4) 1 (#0.1) 0 0 7 (0.3)

LFT abnormal 4 (0.2) 4 (0.3) 1 (0.3) 1 (0.3) 5 (0.2)

Ascites 3 (0.2) 1 (#0.1) 1 (0.3) 2 (0.5) 4 (0.2)

INR increased 3 (0.2) 3 (0.2) 1 (0.3) 4 (1.0) 4 (0.2)

Hepatic enzyme increased 1 (#0.1) 4 (0.3) 1 (0.3) 0 2 (#0.1)

Hepatic failure 1 (#0.1) 0 1 (0.3) 0 2 (#0.1)

Hepatomegaly 2 (0.1) 2 (0.2) 0 0 2 (#0.1)

Hyperbilirubinemia 2 (0.1) 0 0 1 (0.3) 2 (#0.1)

Transaminases increased 1 (#0.1) 2 (0.2) 1 (0.3) 0 2 (#0.1)

GGT abnormal 0 0 0 1 (0.3) 0

Hepatic cirrhosis 0 0 0 1 (0.3) 0

Hepatic encephalopathy 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatic pain 1 (#0.1) 2 (0.2) 0 0 1 (#0.1)

Hepatitis chronic active 0 0 0 1 (0.3) 0

Liver injury 0 0 0 1 (0.3) 0

AE=adverse event; ALT=alanine aminotransferase; AST=aspartate aminotransferase; BIC=bicalutamide; ENZA=enzalutamide; GGT=gamma-glutamyl transpeptidase; INR=international 
normalized ratio; LFT=liver function test; PBO=placebo. 

CONCLUSIONS
• In Phase 3 and Phase 2 trials, the rate of potential hepatic-related 

AEs were generally low and comparable in the enzalutamide groups 
versus placebo and bicalutamide groups, respectively, despite the 
longer exposure with enzalutamide. The exposure-adjusted rates 
were lower for the enzalutamide groups.

• The incidences of grade "3 potential hepatic-related AEs were low 
and generally similar between the enzalutamide and placebo groups 
in the Phase 3 trials, and slightly lower in the bicalutamide group 
compared with enzalutamide in Phase 2 trials.

• The observed frequencies of hepatic events/laboratory abnormalities 
were generally low across all groups, and the aggregate analyses of 
liver laboratory data did not reveal a consistent pattern of treatment 
differences in liver chemistry tests in the Phase 3 and Phase 2 trials.

• Taken together, data from this combined analysis of CRPC trials 
indicate that, after adjustment for exposure, hepatic toxicity with 
enzalutamide is no greater than the comparators.

Figure 1. Incidence of potential hepatic-related AEs

AE=adverse event; BIC=bicalutamide; ENZA=enzalutamide; PBO=placebo.
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First Interim Results of the Radium-223 (Ra-223) REASSURE Observational Study in Metastatic Castration-Resistant Prostate Cancer (mCRPC):
Safety and Baseline (BL) Characteristics of US Patients (Pts) by Prior/Concomitant Treatment (Tx)
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n Ra-223 is a first in class targeted alpha emitting therapy with a
potent antitumor effect.1

n Ra-223 is used in the treatment of patients with mCRPC and
bone metastases, following data from the phase 3 ALSYMPCA
study, which demonstrated improved survival and a favorable
safety profile for Ra-223 compared with placebo.2

n The REASSURE (Ra-223 alpha Emitter Agent in Safety Study in
mCRPC popUlation for long-teRm Evaluation) enrolled patients
in North America and Europe and was designed with 7 years of
follow-up to determine the long-term safety profile of Ra-223 in
routine clinical practice settings.3

n To investigate data from the first interim analysis of REASSURE
for baseline characteristics and safety associated with Ra-223
and use of prior or concomitant treatment with life-prolonging
agents with a focus on US patients. 

n REASSURE is a prospective, single-arm, observational study in
patients with mCRPC and bone metastases3 (Figure 1).

n Prior and concurrent anticancer and bone strengthening
treatments in addition to Ra-223 were recorded:
– Prior treatment was defined as medication taken before the 

study start and discontinued before the first Ra-223 injection
– Concomitant treatment was defined as any overlap of the 

medication(s) during Ra-223 administration.
n The interim analysis was performed in US patients who had

received !1 Ra-223 injection and had at least one follow-up visit
and for whom end of treatment was recorded (data cut-off
September 22, 2016).

n An updated analysis with longer follow-up was performed to
further assess safety and symptomatic skeletal events (SSEs,
data cut-off November 26, 2017).

Patients
n At the first interim analysis: 

– 1,106 patients were enrolled globally, 421 were from the US, 
and of these 244 were eligible for analysis (patient analysis set)

– The median duration of observation was 7.7 months
– 50 (20%) patients had received prior chemotherapy 

(docetaxel and/or cabazitaxel), 46 (19%) prior abiraterone 
and/or enzalutamide (abi/enza), and 82 (34%) were treated 
concomitantly with abi or enza (Table 1)

– 48% of patients who had received prior abi/enza had also 
received prior chemotherapy

– 44% of patients who had received prior chemotherapy had 
also received prior abi/enza

– Only 15% of patients treated with concomitant abi or enza 
had received prior chemotherapy.

n In the updated analysis: 
– The median duration of observation was 13.3 months
– 32/244 patients (13%) had received prior bone supporting 

agents (bisphosphonates and/or denosumab) and 119 (49%) 
were treated concomitantly with these agents.

Ra-223 Dose Exposure 
n In the interim analysis, the median number of Ra-223 injections

was full dosing at 6 (range 1–6). 
n Close to 70% (n=167) completed 5 or 6 injections of Ra-223.
n Patients who had received prior therapy lines were less likely to

receive 5 or 6 injections of Ra-223 (Figure 2).

Safety
n At the interim analysis, drug-related treatment-emergent

adverse events (TEAEs) occurred in 71/244 patients (29%); the
most common were diarrhea (9%), fatigue (8%), anemia (7%)
and nausea (7%). 

n Drug-related serious adverse events were reported in 9 patients
(4%).

n 37/244 patients (15%) had at least one treatment for bone
marrow suppression after starting Ra-223, the most common
being blood transfusion in 36 patients.

n The most common drug-related TEAEs in the updated analysis
are shown in Table 2.

n The occurrence of adverse events by prior and concomitant
treatment in the updated analysis is summarized in Table 3.

n In both the interim and updated analyses no drug-related
adverse events leading to death were reported.

n Incidence and type of SSEs by use of bone supporting agents
or treatment with concomitant abi or enza is summarized in
Table 4:

– In the updated safety analysis, 51/244 (21%) patients reported
at least one SSE

– The incidence of SSEs in patients using bone supporting 
agents was 23%, and was 18% in those not using bone 
supporting agents

– The incidence of SSEs was 17% in patients treated with 
concomitant abi or enza, and was 23% in those not treated 
concomitantly with abi or enza.

n To date, the interim analysis and extended safety update of
REASSURE has not revealed any new safety findings.

n Most patients complete 5–6 Ra-223 doses in routine US clinical
practice. 

n Patients with prior treatment lines had lower Ra-223 treatment
completion and higher incidence of adverse events, likely
reflecting greater disease burden, as evidenced by higher
median baseline PSA.

1. Henriksen G, et al. Cancer Res 2002;62:3120-5.

2. Parker C, et al. N Engl J Med 2013;369:213-23.

3. Higano C, et al. J Clin Oncol 2017; 35: suppl, abstr 5042.

The REASSURE study (NCT02141438) was sponsored by Bayer. Medical writing
assistance was provided by Dr Paul Hoban, of Cancer Communications and
Consultancy Ltd, Knutsford, UK and funded by Bayer.
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Figure 2. Number of Ra-223 injections at interim analysis

Table 2. Most common drug-related TEAEs (updated analysis n=244)*

MedDRA PT† Any grade Grade 1–2 Grade 3–4

Anemia 26 (11) 13 (5) 13 (5)

Diarrhea 23 (9) 22 (9) 1 (<1)

Nausea 17 (7) 17 (7) 0

Fatigue 21 (9) 19 (8) 2(<1)

Data are n (%). *Reported in !5% of patients. †Safety was assessed using the Common Terminology Criteria for Adverse
Events (AE) version 4.03. Adverse events were coded using MedDRA (version 19.0). MedDRA PT=Medical Dictionary
for Regulatory Activities preferred term.

Table 4. SSEs (updated analysis n=244)

Use of bone supporting agents Concomitant
(bisphosphonates or denosumab) abi or enza

Yes No Yes No
SSE type* N=140 (57%) N=104 (43%) N=88 (36%) N=156 (64%)

At least 1 SSE 32 (23) 19 (18) 15 (17) 36 (23)

Fractures 2 (1) 1 (<1) 1 (1) 2 (1)

Spinal cord compression 1 (<1) 1 (<1) 1 (1) 1 (<1)

Radiotherapy to the bone 17 (12) 10 (10) 8 (9) 19 (12)

Recorded as progression 20 (14) 11 (11) 8 (9) 23 (15)
Data are n (%). *Includes SSEs starting on or after start of Ra,-223 up to extended cut-off date. Abi=abiraterone;
enza=enzalutamide; SSE=symptomatic skeletal event.

Table 3. Summary of AEs by prior or concomitant treatment (updated analysis)

Prior abi/enza Concomitant Prior chemotherapy
abi or enza

Yes No Yes No Yes No
N=47 (19%)* N=197 (81%) N=88 (36%)* N=156 (64%) N=52 (21%)* N=192 (79%)

Any AE 28 (60) 93 (47) 45 (51) 76 (49) 31 (60) 90 (47)

TEAEs†

Drug-related‡ 23 (49) 57 (29) 33 (38) 47 (30) 20 (38) 60 (31)

Drug-related grade !3 6 (13) 18 (9) 13 (15) 11 (7) 5 (10) 19 (10)

Drug-related leading 3 (6) 7 (4) 5 (6) 5 (3) 2 (4) 8 (4)
to permanent
discontinuation

SAEs

Drug-related 2 (4) 8 (4) 7 (8) 3 (2) 1 (2) 9 (5)

TE leading to death 8 (17) 20 (10) 7 (8) 21 (13) 11 (21) 17 (9)

Data are n (%). *After the interim analysis, in the updated analysis, 1 extra patient was documented as having received
prior abi/enza, *6 extra patients as receiving concomitant abi/enza, and 2 extra patients as receiving prior chemotherapy.
†Any AE arising or worsening from the start of Ra-223 until 30 days after the last injection. ‡Any AE judged by the treating
physician as having a reasonable suspected causal relationship to Ra-223. AE=adverse event; SAEs=serious adverse
events; abi=abiraterone; enza=enzalutamide; TE=treatment emergent; TEAEs=treatment emergent adverse events.

Table 1. Summary of baseline characteristics (interim analysis n=244)

Prior abi/enza Concomitant Prior chemotherapy
abi or enza

Yes No Yes No Yes No
N=46 (19%) N=198 (81%) N=82 (34%) N=162 (66%) N=50 (20%) N=194 (80%)

Age, median, years 72.5 75.0 75.0 74.5 70.5 75.0

ECOG PS*
0 11 (24) 72 (36) 40 (49) 43 (27) 15 (30) 68 (35)
1 24 (52) 86 (43) 27 (33) 83 (51) 17 (34) 93 (48)
!2 3 (7) 27 (14) 8 (10) 22 (14) 12 (24) 18 (9)

Number of bone lesions*
<6 lesions 9 (20) 43 (22) 18 (22) 34 (21) 10 (20) 42 (22)
6–20 lesions 26 (57) 104 (53) 43 (52) 87 (54) 26 (52) 104 (54)
>20 lesions 8 (17) 20 (10) 12 (15) 16 (10) 9 (18) 19 (10)
Superscan 1 (2) 7 (4) 1 (1) 7 (4) 2 (4) 6 (3)

Other metastases† 10 (22) 30 (15) 19 (23) 21 (13) 13 (26) 27 (14)

Laboratory values, n, median

ALP, U/L n=32 n=111 n=49 n=94 n=32 n=111
122.0 112.0 113.0 118.0 118.0 115.0

PSA, ng/L n=33 n=108 N=47 n=94 N=39 N=102
95.9 28.0 40.2 38.7 115.4 26.9

Hemoglobin, g/dL n=41 n=170 n=69 n=142 n=45 n=166
12.0 12.2 12.0 12.2 11.8 12.2

Prior treatment

Chemotherapy 22 (48) 28 (14) 12 (15) 38 (23) NA NA

Abi/enza NA NA NA NA 22 (44) 24 (12)

Data are n (%) unless otherwise stated. *n (%) for missing values are not shown. †Sites of metastases other than bone
included soft tissue progression in bone (epidural), locoregional expansion (rectum/urethra), visceral metastases (lung,
kidney, liver, thyroid, and adrenal gland), and distant lymph nodes. Abi=abiraterone; ALP=alkaline phosphatase;
enza=enzalutamide; NA=not available.
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Safety and Baseline (BL) Characteristics of US Patients (Pts) by Prior/Concomitant Treatment (Tx)

Lauren C. Harshman,1 Oliver Sartor,2 Timothy Richardson,3 John Sylvester,4 Daniel Y. Song,5 Constantine Mantz,6 Robert Brookland,7 Mark Perlmutter,8 Robert Given,9 Ján Kalinovsk!,10 Svetlana Babajanyan,11 Yoriko De Sanctis,11 Celestia S. Higano12
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n Ra-223 is a first in class targeted alpha emitting therapy with a
potent antitumor effect.1

n Ra-223 is used in the treatment of patients with mCRPC and
bone metastases, following data from the phase 3 ALSYMPCA
study, which demonstrated improved survival and a favorable
safety profile for Ra-223 compared with placebo.2

n The REASSURE (Ra-223 alpha Emitter Agent in Safety Study in
mCRPC popUlation for long-teRm Evaluation) enrolled patients
in North America and Europe and was designed with 7 years of
follow-up to determine the long-term safety profile of Ra-223 in
routine clinical practice settings.3

n To investigate data from the first interim analysis of REASSURE
for baseline characteristics and safety associated with Ra-223
and use of prior or concomitant treatment with life-prolonging
agents with a focus on US patients. 

n REASSURE is a prospective, single-arm, observational study in
patients with mCRPC and bone metastases3 (Figure 1).

n Prior and concurrent anticancer and bone strengthening
treatments in addition to Ra-223 were recorded:
– Prior treatment was defined as medication taken before the 

study start and discontinued before the first Ra-223 injection
– Concomitant treatment was defined as any overlap of the 

medication(s) during Ra-223 administration.
n The interim analysis was performed in US patients who had

received !1 Ra-223 injection and had at least one follow-up visit
and for whom end of treatment was recorded (data cut-off
September 22, 2016).

n An updated analysis with longer follow-up was performed to
further assess safety and symptomatic skeletal events (SSEs,
data cut-off November 26, 2017).

Patients
n At the first interim analysis: 

– 1,106 patients were enrolled globally, 421 were from the US, 
and of these 244 were eligible for analysis (patient analysis set)

– The median duration of observation was 7.7 months
– 50 (20%) patients had received prior chemotherapy 

(docetaxel and/or cabazitaxel), 46 (19%) prior abiraterone 
and/or enzalutamide (abi/enza), and 82 (34%) were treated 
concomitantly with abi or enza (Table 1)

– 48% of patients who had received prior abi/enza had also 
received prior chemotherapy

– 44% of patients who had received prior chemotherapy had 
also received prior abi/enza

– Only 15% of patients treated with concomitant abi or enza 
had received prior chemotherapy.

n In the updated analysis: 
– The median duration of observation was 13.3 months
– 32/244 patients (13%) had received prior bone supporting 

agents (bisphosphonates and/or denosumab) and 119 (49%) 
were treated concomitantly with these agents.

Ra-223 Dose Exposure 
n In the interim analysis, the median number of Ra-223 injections

was full dosing at 6 (range 1–6). 
n Close to 70% (n=167) completed 5 or 6 injections of Ra-223.
n Patients who had received prior therapy lines were less likely to

receive 5 or 6 injections of Ra-223 (Figure 2).

Safety
n At the interim analysis, drug-related treatment-emergent

adverse events (TEAEs) occurred in 71/244 patients (29%); the
most common were diarrhea (9%), fatigue (8%), anemia (7%)
and nausea (7%). 

n Drug-related serious adverse events were reported in 9 patients
(4%).

n 37/244 patients (15%) had at least one treatment for bone
marrow suppression after starting Ra-223, the most common
being blood transfusion in 36 patients.

n The most common drug-related TEAEs in the updated analysis
are shown in Table 2.

n The occurrence of adverse events by prior and concomitant
treatment in the updated analysis is summarized in Table 3.

n In both the interim and updated analyses no drug-related
adverse events leading to death were reported.

n Incidence and type of SSEs by use of bone supporting agents
or treatment with concomitant abi or enza is summarized in
Table 4:

– In the updated safety analysis, 51/244 (21%) patients reported
at least one SSE

– The incidence of SSEs in patients using bone supporting 
agents was 23%, and was 18% in those not using bone 
supporting agents

– The incidence of SSEs was 17% in patients treated with 
concomitant abi or enza, and was 23% in those not treated 
concomitantly with abi or enza.

n To date, the interim analysis and extended safety update of
REASSURE has not revealed any new safety findings.

n Most patients complete 5–6 Ra-223 doses in routine US clinical
practice. 

n Patients with prior treatment lines had lower Ra-223 treatment
completion and higher incidence of adverse events, likely
reflecting greater disease burden, as evidenced by higher
median baseline PSA.

1. Henriksen G, et al. Cancer Res 2002;62:3120-5.

2. Parker C, et al. N Engl J Med 2013;369:213-23.

3. Higano C, et al. J Clin Oncol 2017; 35: suppl, abstr 5042.

The REASSURE study (NCT02141438) was sponsored by Bayer. Medical writing
assistance was provided by Dr Paul Hoban, of Cancer Communications and
Consultancy Ltd, Knutsford, UK and funded by Bayer.
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Figure 2. Number of Ra-223 injections at interim analysis

Table 2. Most common drug-related TEAEs (updated analysis n=244)*

MedDRA PT† Any grade Grade 1–2 Grade 3–4

Anemia 26 (11) 13 (5) 13 (5)

Diarrhea 23 (9) 22 (9) 1 (<1)

Nausea 17 (7) 17 (7) 0

Fatigue 21 (9) 19 (8) 2(<1)

Data are n (%). *Reported in !5% of patients. †Safety was assessed using the Common Terminology Criteria for Adverse
Events (AE) version 4.03. Adverse events were coded using MedDRA (version 19.0). MedDRA PT=Medical Dictionary
for Regulatory Activities preferred term.

Table 4. SSEs (updated analysis n=244)

Use of bone supporting agents Concomitant
(bisphosphonates or denosumab) abi or enza

Yes No Yes No
SSE type* N=140 (57%) N=104 (43%) N=88 (36%) N=156 (64%)

At least 1 SSE 32 (23) 19 (18) 15 (17) 36 (23)

Fractures 2 (1) 1 (<1) 1 (1) 2 (1)

Spinal cord compression 1 (<1) 1 (<1) 1 (1) 1 (<1)

Radiotherapy to the bone 17 (12) 10 (10) 8 (9) 19 (12)

Recorded as progression 20 (14) 11 (11) 8 (9) 23 (15)
Data are n (%). *Includes SSEs starting on or after start of Ra,-223 up to extended cut-off date. Abi=abiraterone;
enza=enzalutamide; SSE=symptomatic skeletal event.

Table 3. Summary of AEs by prior or concomitant treatment (updated analysis)

Prior abi/enza Concomitant Prior chemotherapy
abi or enza

Yes No Yes No Yes No
N=47 (19%)* N=197 (81%) N=88 (36%)* N=156 (64%) N=52 (21%)* N=192 (79%)

Any AE 28 (60) 93 (47) 45 (51) 76 (49) 31 (60) 90 (47)

TEAEs†

Drug-related‡ 23 (49) 57 (29) 33 (38) 47 (30) 20 (38) 60 (31)

Drug-related grade !3 6 (13) 18 (9) 13 (15) 11 (7) 5 (10) 19 (10)

Drug-related leading 3 (6) 7 (4) 5 (6) 5 (3) 2 (4) 8 (4)
to permanent
discontinuation

SAEs

Drug-related 2 (4) 8 (4) 7 (8) 3 (2) 1 (2) 9 (5)

TE leading to death 8 (17) 20 (10) 7 (8) 21 (13) 11 (21) 17 (9)

Data are n (%). *After the interim analysis, in the updated analysis, 1 extra patient was documented as having received
prior abi/enza, *6 extra patients as receiving concomitant abi/enza, and 2 extra patients as receiving prior chemotherapy.
†Any AE arising or worsening from the start of Ra-223 until 30 days after the last injection. ‡Any AE judged by the treating
physician as having a reasonable suspected causal relationship to Ra-223. AE=adverse event; SAEs=serious adverse
events; abi=abiraterone; enza=enzalutamide; TE=treatment emergent; TEAEs=treatment emergent adverse events.

Table 1. Summary of baseline characteristics (interim analysis n=244)

Prior abi/enza Concomitant Prior chemotherapy
abi or enza

Yes No Yes No Yes No
N=46 (19%) N=198 (81%) N=82 (34%) N=162 (66%) N=50 (20%) N=194 (80%)

Age, median, years 72.5 75.0 75.0 74.5 70.5 75.0

ECOG PS*
0 11 (24) 72 (36) 40 (49) 43 (27) 15 (30) 68 (35)
1 24 (52) 86 (43) 27 (33) 83 (51) 17 (34) 93 (48)
!2 3 (7) 27 (14) 8 (10) 22 (14) 12 (24) 18 (9)

Number of bone lesions*
<6 lesions 9 (20) 43 (22) 18 (22) 34 (21) 10 (20) 42 (22)
6–20 lesions 26 (57) 104 (53) 43 (52) 87 (54) 26 (52) 104 (54)
>20 lesions 8 (17) 20 (10) 12 (15) 16 (10) 9 (18) 19 (10)
Superscan 1 (2) 7 (4) 1 (1) 7 (4) 2 (4) 6 (3)

Other metastases† 10 (22) 30 (15) 19 (23) 21 (13) 13 (26) 27 (14)

Laboratory values, n, median

ALP, U/L n=32 n=111 n=49 n=94 n=32 n=111
122.0 112.0 113.0 118.0 118.0 115.0

PSA, ng/L n=33 n=108 N=47 n=94 N=39 N=102
95.9 28.0 40.2 38.7 115.4 26.9

Hemoglobin, g/dL n=41 n=170 n=69 n=142 n=45 n=166
12.0 12.2 12.0 12.2 11.8 12.2

Prior treatment

Chemotherapy 22 (48) 28 (14) 12 (15) 38 (23) NA NA

Abi/enza NA NA NA NA 22 (44) 24 (12)

Data are n (%) unless otherwise stated. *n (%) for missing values are not shown. †Sites of metastases other than bone
included soft tissue progression in bone (epidural), locoregional expansion (rectum/urethra), visceral metastases (lung,
kidney, liver, thyroid, and adrenal gland), and distant lymph nodes. Abi=abiraterone; ALP=alkaline phosphatase;
enza=enzalutamide; NA=not available.
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n Ra-223 is a first in class targeted alpha emitting therapy with a
potent antitumor effect.1

n Ra-223 is used in the treatment of patients with mCRPC and
bone metastases, following data from the phase 3 ALSYMPCA
study, which demonstrated improved survival and a favorable
safety profile for Ra-223 compared with placebo.2

n The REASSURE (Ra-223 alpha Emitter Agent in Safety Study in
mCRPC popUlation for long-teRm Evaluation) enrolled patients
in North America and Europe and was designed with 7 years of
follow-up to determine the long-term safety profile of Ra-223 in
routine clinical practice settings.3

n To investigate data from the first interim analysis of REASSURE
for baseline characteristics and safety associated with Ra-223
and use of prior or concomitant treatment with life-prolonging
agents with a focus on US patients. 

n REASSURE is a prospective, single-arm, observational study in
patients with mCRPC and bone metastases3 (Figure 1).

n Prior and concurrent anticancer and bone strengthening
treatments in addition to Ra-223 were recorded:
– Prior treatment was defined as medication taken before the 

study start and discontinued before the first Ra-223 injection
– Concomitant treatment was defined as any overlap of the 

medication(s) during Ra-223 administration.
n The interim analysis was performed in US patients who had

received !1 Ra-223 injection and had at least one follow-up visit
and for whom end of treatment was recorded (data cut-off
September 22, 2016).

n An updated analysis with longer follow-up was performed to
further assess safety and symptomatic skeletal events (SSEs,
data cut-off November 26, 2017).

Patients
n At the first interim analysis: 

– 1,106 patients were enrolled globally, 421 were from the US, 
and of these 244 were eligible for analysis (patient analysis set)

– The median duration of observation was 7.7 months
– 50 (20%) patients had received prior chemotherapy 

(docetaxel and/or cabazitaxel), 46 (19%) prior abiraterone 
and/or enzalutamide (abi/enza), and 82 (34%) were treated 
concomitantly with abi or enza (Table 1)

– 48% of patients who had received prior abi/enza had also 
received prior chemotherapy

– 44% of patients who had received prior chemotherapy had 
also received prior abi/enza

– Only 15% of patients treated with concomitant abi or enza 
had received prior chemotherapy.

n In the updated analysis: 
– The median duration of observation was 13.3 months
– 32/244 patients (13%) had received prior bone supporting 

agents (bisphosphonates and/or denosumab) and 119 (49%) 
were treated concomitantly with these agents.

Ra-223 Dose Exposure 
n In the interim analysis, the median number of Ra-223 injections

was full dosing at 6 (range 1–6). 
n Close to 70% (n=167) completed 5 or 6 injections of Ra-223.
n Patients who had received prior therapy lines were less likely to

receive 5 or 6 injections of Ra-223 (Figure 2).

Safety
n At the interim analysis, drug-related treatment-emergent

adverse events (TEAEs) occurred in 71/244 patients (29%); the
most common were diarrhea (9%), fatigue (8%), anemia (7%)
and nausea (7%). 

n Drug-related serious adverse events were reported in 9 patients
(4%).

n 37/244 patients (15%) had at least one treatment for bone
marrow suppression after starting Ra-223, the most common
being blood transfusion in 36 patients.

n The most common drug-related TEAEs in the updated analysis
are shown in Table 2.

n The occurrence of adverse events by prior and concomitant
treatment in the updated analysis is summarized in Table 3.

n In both the interim and updated analyses no drug-related
adverse events leading to death were reported.

n Incidence and type of SSEs by use of bone supporting agents
or treatment with concomitant abi or enza is summarized in
Table 4:

– In the updated safety analysis, 51/244 (21%) patients reported
at least one SSE

– The incidence of SSEs in patients using bone supporting 
agents was 23%, and was 18% in those not using bone 
supporting agents

– The incidence of SSEs was 17% in patients treated with 
concomitant abi or enza, and was 23% in those not treated 
concomitantly with abi or enza.

n To date, the interim analysis and extended safety update of
REASSURE has not revealed any new safety findings.

n Most patients complete 5–6 Ra-223 doses in routine US clinical
practice. 

n Patients with prior treatment lines had lower Ra-223 treatment
completion and higher incidence of adverse events, likely
reflecting greater disease burden, as evidenced by higher
median baseline PSA.

1. Henriksen G, et al. Cancer Res 2002;62:3120-5.

2. Parker C, et al. N Engl J Med 2013;369:213-23.

3. Higano C, et al. J Clin Oncol 2017; 35: suppl, abstr 5042.
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Table 2. Most common drug-related TEAEs (updated analysis n=244)*

MedDRA PT† Any grade Grade 1–2 Grade 3–4

Anemia 26 (11) 13 (5) 13 (5)

Diarrhea 23 (9) 22 (9) 1 (<1)

Nausea 17 (7) 17 (7) 0

Fatigue 21 (9) 19 (8) 2(<1)

Data are n (%). *Reported in !5% of patients. †Safety was assessed using the Common Terminology Criteria for Adverse
Events (AE) version 4.03. Adverse events were coded using MedDRA (version 19.0). MedDRA PT=Medical Dictionary
for Regulatory Activities preferred term.

Table 4. SSEs (updated analysis n=244)

Use of bone supporting agents Concomitant
(bisphosphonates or denosumab) abi or enza

Yes No Yes No
SSE type* N=140 (57%) N=104 (43%) N=88 (36%) N=156 (64%)

At least 1 SSE 32 (23) 19 (18) 15 (17) 36 (23)

Fractures 2 (1) 1 (<1) 1 (1) 2 (1)

Spinal cord compression 1 (<1) 1 (<1) 1 (1) 1 (<1)

Radiotherapy to the bone 17 (12) 10 (10) 8 (9) 19 (12)

Recorded as progression 20 (14) 11 (11) 8 (9) 23 (15)
Data are n (%). *Includes SSEs starting on or after start of Ra,-223 up to extended cut-off date. Abi=abiraterone;
enza=enzalutamide; SSE=symptomatic skeletal event.

Table 3. Summary of AEs by prior or concomitant treatment (updated analysis)

Prior abi/enza Concomitant Prior chemotherapy
abi or enza

Yes No Yes No Yes No
N=47 (19%)* N=197 (81%) N=88 (36%)* N=156 (64%) N=52 (21%)* N=192 (79%)

Any AE 28 (60) 93 (47) 45 (51) 76 (49) 31 (60) 90 (47)

TEAEs†

Drug-related‡ 23 (49) 57 (29) 33 (38) 47 (30) 20 (38) 60 (31)

Drug-related grade !3 6 (13) 18 (9) 13 (15) 11 (7) 5 (10) 19 (10)

Drug-related leading 3 (6) 7 (4) 5 (6) 5 (3) 2 (4) 8 (4)
to permanent
discontinuation

SAEs

Drug-related 2 (4) 8 (4) 7 (8) 3 (2) 1 (2) 9 (5)

TE leading to death 8 (17) 20 (10) 7 (8) 21 (13) 11 (21) 17 (9)

Data are n (%). *After the interim analysis, in the updated analysis, 1 extra patient was documented as having received
prior abi/enza, *6 extra patients as receiving concomitant abi/enza, and 2 extra patients as receiving prior chemotherapy.
†Any AE arising or worsening from the start of Ra-223 until 30 days after the last injection. ‡Any AE judged by the treating
physician as having a reasonable suspected causal relationship to Ra-223. AE=adverse event; SAEs=serious adverse
events; abi=abiraterone; enza=enzalutamide; TE=treatment emergent; TEAEs=treatment emergent adverse events.

Table 1. Summary of baseline characteristics (interim analysis n=244)

Prior abi/enza Concomitant Prior chemotherapy
abi or enza

Yes No Yes No Yes No
N=46 (19%) N=198 (81%) N=82 (34%) N=162 (66%) N=50 (20%) N=194 (80%)

Age, median, years 72.5 75.0 75.0 74.5 70.5 75.0

ECOG PS*
0 11 (24) 72 (36) 40 (49) 43 (27) 15 (30) 68 (35)
1 24 (52) 86 (43) 27 (33) 83 (51) 17 (34) 93 (48)
!2 3 (7) 27 (14) 8 (10) 22 (14) 12 (24) 18 (9)

Number of bone lesions*
<6 lesions 9 (20) 43 (22) 18 (22) 34 (21) 10 (20) 42 (22)
6–20 lesions 26 (57) 104 (53) 43 (52) 87 (54) 26 (52) 104 (54)
>20 lesions 8 (17) 20 (10) 12 (15) 16 (10) 9 (18) 19 (10)
Superscan 1 (2) 7 (4) 1 (1) 7 (4) 2 (4) 6 (3)

Other metastases† 10 (22) 30 (15) 19 (23) 21 (13) 13 (26) 27 (14)

Laboratory values, n, median

ALP, U/L n=32 n=111 n=49 n=94 n=32 n=111
122.0 112.0 113.0 118.0 118.0 115.0

PSA, ng/L n=33 n=108 N=47 n=94 N=39 N=102
95.9 28.0 40.2 38.7 115.4 26.9

Hemoglobin, g/dL n=41 n=170 n=69 n=142 n=45 n=166
12.0 12.2 12.0 12.2 11.8 12.2

Prior treatment

Chemotherapy 22 (48) 28 (14) 12 (15) 38 (23) NA NA

Abi/enza NA NA NA NA 22 (44) 24 (12)

Data are n (%) unless otherwise stated. *n (%) for missing values are not shown. †Sites of metastases other than bone
included soft tissue progression in bone (epidural), locoregional expansion (rectum/urethra), visceral metastases (lung,
kidney, liver, thyroid, and adrenal gland), and distant lymph nodes. Abi=abiraterone; ALP=alkaline phosphatase;
enza=enzalutamide; NA=not available.
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BACKGROUND

We collected data of pts who received sequentially 3 or more ADs of which
one was RA223. For each pt we recorded the clinical outcome of all
treatments received for mCRPC. To assess the potential benefit from the
RA223 addition in the therapeutic sequence we compared the cumulative
survival from the start of the first line observed in this study to that
observed in a contemporary series of 476 mCRPC pts sequentially treated
with 3 or 4 ADs not comprising RA223 in Italian Hospitals (2017 ASCO
Meeting Abs 5030). To make comparable the two series, we excluded from
the analysis of no_RA223 series all pts with visceral mets.

The potential advantage of the sequential use of the active drugs (ADs)
able to prolong overall survival (OS) in mCRPC (abiraterone, cabazitaxel,
docetaxel, enzalutamide, RA223) could be limited by the development of
common mechanisms of resistance. According to its unique targeted
alpha-radiation mechanism of action, it could be postulated that RA223
does not induce and is not affected by cross-resistance with other agents
and consequently its incorporation in therapeutic sequences may improve
clinical outcomes. The present study is aimed to describe the clinical
outcomes of pts who received RA223 and at least two other ADs for
mCRPC.

CONCLUSIONS

For further information please email to orazio.caffo@apss.tn.it 

METHODS

Despite the limitations of its retrospective nature, this preliminary data suggests that
treatment sequencing of ADs that includes RA223 offers a survival advantage in
mCRPC.
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