
CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 

APPLICATION NUMBER: 
 

212099Orig1s000 
 
 

OTHER REVIEW(S) 



                                                                                                                            Clinical Inspection Summary                                                                                                                 
NDA 212099 for darolutamide

Clinical Inspection Summary

Date July 16, 2019
From Yang-min (Max) Ning, M.D., Ph.D.

Susan Thompson, M.D.
Kassa Ayalew, M.D., M.P.H.
GCPAB/OSI/CDER/FDA

To Michael Brave, M.D.
Jamie Brewer, M.D.
Chana Weinstock, M.D.
Mitchell Chan, Pharm. D.
DOP1/OHOP/OCE/FDA

NDA # 212099
Applicant Bayer HealthCare Pharmaceuticals Inc.
Drug Darolutamide tablets
NME (Yes/No) Yes
Therapeutic Classification Androgen receptor antagonist
Proposed Indication(s) Treatment of patients with non-metastatic castration resistant 

prostate cancer (nmCRPC)
Consultation Request Date April 5, 2019
Summary Goal Date July 19, 2019
Action Goal Date July 26, 2019
PDUFA Date October 26, 2019

I. OVERALL ASSESSMENT OF INSPECTIONAL FINDINGS 
AND RECOMMENDATIONS

Clinical data from Study 17712 were submitted to the Agency in support of this New Drug 
Application (NDA) for darolutamide for use in non-metastatic castration resistant prostate 
cancer (nmCRPC). Three study sites (6102, 5401, and 6503) were selected for clinical 
inspection.    

The inspectional findings verified the Applicant’s reported clinical data with source records at 
the three study sites. There were no significant GCP compliance deviations observed at these 
sites.   

Based on the inspectional findings, the OSI review team considers the submitted data from this 
study reliable for this NDA and the respective indication. 
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II. BACKGROUND

Darolutamide is a new androgen receptor (AR) antagonist that has been studied in patients with 
advanced prostate cancer.  To support the proposed indication in this NDA, the Applicant 
submitted clinical data from Study 17712, titled “A multinational, randomized, double-blind, 
placebo-controlled, Phase III efficacy and safety study of darolutamide (ODM-201) in men 
with high-risk non-metastatic castration-resistant prostate cancer”. The primary endpoint was 
metastasis-free survival (MFS) as determined by Blinded Independent Central Reading 
(BICR). Key secondary endpoints included overall survival (OS), time to first symptomatic 
skeletal event, and time to initiation of cytotoxic chemotherapy.

Tumor assessments were based on CT/MRI and nuclear bone scans, performed at baseline and 
then every 16 weeks (±7 days) until confirmed metastasis by BICR. Study treatment continued 
until confirmed metastasis, intolerable toxicity, or withdrawal.

Between 10/08/2014 and 03/09/2018, the study enrolled 1509 subjects from 360 study sites in 
36 countries. Of the enrolled subjects, 955 were allocated to the darolutamide arm and 554 to 
the placebo arm.  

The review division requested clinical inspections to verify the efficacy and safety data of this 
trial. Three study sites, as listed in the following section, were selected for clinical inspection 
based on the number of subjects enrolled by study site and the number of MFS events. Two of 
the three selected sites were foreign, since 91% of study subjects were recruited from countries 
and/or regions outside the United States.

III. RESULTS by STUDY SITE 

1. Dr. Neal Shore, Site 6102 
823 82nd Parkway 
Myrtle Beach, SC 29672

This site was inspected on May 13-15, 2019 as a data audit for Study 17712. This is the 
second FDA inspection for the investigator. The first one was conducted in February 
2014, with NAI as the final compliance classification. 

The current inspection found that eight of thirteen screened subjects were enrolled at 
the site, with four allocated to each treatment arm. As of the data cutoff date (9/3/2018), 
three subjects remained on study treatment without evidence of metastasis and five 
subjects came off study treatment due to confirmed metastasis, adverse events, or 
withdrawal. The inspection reviewed all subjects’ source data, including medical 
records, eligibility criteria, informed consent forms, treatment assignment, scans 
performed and related electronic submissions to the BICR facility, laboratory tests, and 
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investigational product accountability records. The source data were compared with the 
Applicant’s submitted efficacy and safety data listings to the NDA. The inspection also 
covered a review of study monitoring practices, delegation of authority, and IRB 
oversight from January 2015 to November 2018.  

The inspection revealed no significant observations or deficiencies. No Form 483 was 
issued. All data points regarding efficacy measures were verifiable for each subject at 
the study site. There was no evidence of underreporting of adverse events. One 
inspectional finding reported in the Establishment Inspection Report (EIR) was that the 
Investigator’s Form 1572 did not list the hospital where the protocol-specified scans 
were performed. This oversight was corrected, with a new Form 1572 signed by the 
Investigator.  

The data reported from Site 6102, associated with Study 17712, appear reliable.  

2. Dr. Teuvo Tammela, Site 5401 
Teiskontie 35, P.O. Box 2000
Tampere, FIN-33521
Finland

This foreign site was inspected as a data audit for Study 17712. For the Investigator, there 
was one FDA clinical inspection conducted in September 2000, and the final compliance 
classification was VAI. This was associated with inadequate documentation of Informed 
Consent and investigational drug accountability.

This inspection was conducted on June 24-28, 2019 and the EIR is not currently available. 
Based on the inspector’s reported preliminary summary, there were 26 subjects enrolled at 
the site, with 17 in the darolutamide arm and 9 in the placebo arm. As of the data cutoff date 
for analysis, eight subjects were receiving study treatment. The rest of subjects discontinued 
study treatment secondary to confirmed metastasis, adverse event(s), protocol violations, 
non-compliance with the protocol, or withdrawal at the discretion of the Investigator. One 
randomized subject ( ) was found to have evidence of metastasis and did not receive 
study treatment. Except for this subject, all subjects’ source records were audited and 
compared with the submitted data listings to the NDA. 

The inspection found no significant deficiencies, with no Form 483 issued. The inspector 
reported that the primary efficacy endpoint MFS was verifiable with source data, including 
CT and bone scans as well as BICR-confirmed metastasis. There was no evidence of 
underreporting of adverse events. All protocol deviations were reported to the sponsor and 
documented in the eCRFs.    
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3. Dr. Albertas Ulys, Site 6503 
Santariskiu Street 1
Vilnius, LT-08660 
Lithuania

This foreign site was also inspected as a data audit for Study 17712. There was no previous 
FDA inspection history for the Investigator. 
This inspection was conducted on July 1-5, 2019 one week ago, and the EIR is not 
available. Based on the inspector’s preliminary summary, this site enrolled total 46 subjects. 
As of the data cutoff date, 27 subjects continued receiving study treatment. Of the 46 
subjects, the inspector randomly selected 25 subjects and reviewed their source data, 
including 19 treated with darolutamide and 5 with placebo. Reasons for discontinuation of 
study treatment in the audited 25 subjects included confirmed metastasis, deaths, adverse 
events, and withdrawal.  

The inspection revealed no significant observations. The inspector stated that the primary 
efficacy endpoint MFS was verifiable with source data including CT and bone scans and 
that BICR confirmation of metastasis was available during the study.  There was no 
evidence of underreporting of adverse events. One finding in the preliminary summary was 
that this site did not always use an the most recent version of the Informed Consent 
Document, which was reported to the sponsor as a protocol deviation.   

Note: An amendment to this inspection summary will be issued if the EIR(s) for Drs. 
Tammela and/or Ulys contain substantial differences that affect the current GCP 
assessment or compliance conclusion.  
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PRIMARY REVIEW: {See appended electronic signature page}

Yang-min (Max) Ning, M.D., Ph.D.
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

CONCURRENCE: {See appended electronic signature page}

Susan Thompson, M.D. 
Team Leader
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

CONCURRENCE: {See appended electronic signature page}

Kassa Ayalew, M.D., M.P.H
Branch Chief
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

cc: 

Central Doc. Rm. NDA 212099
Review Division /Division Director/J Beaver
Review Division /Medical Team Leader/C Weinstock
Review Division /Project Manager/M Chan
Review Division/Medical Officers/M Brave and J Brewer
OSI/Office Director/D Burrow
OSI/DCCE/ Division Director/N Khin
OSI/DCCE/Branch Chief/K Ayalew
OSI/DCCE/Team Leader/SD Thompson 
OSI/DCCE/GCP Reviewer/YM NING
OSI/ GCP Program Analysts/ Joseph Peacock/Yolanda Patague 
OSI/Database PM/Dana Walters
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****Pre-decisional Agency Information**** 
    
Memorandum 
 
Date:  July 17, 2019 
  
To:  Mitchell Chan  
  Regulatory Health Project Manager  
  Division of Oncology Products 1 (DOP1)  
  Office of Hematology and Oncology Products (OHOP) 
 
From:   Nazia Fatima  
  Regulatory Review Officer  
  Office of Prescription Drug Promotion (OPDP) 
 
Subject: OPDP Labeling Comments for:  
 NUBEQA (darolutamide) tablets, for oral use  
 
NDA:  212099 

  
In response to DOP1’s consult requests dated March 4, 2019, OPDP has reviewed the 
proposed draft product labeling (PI) and patient information for the original NDA submission for 
NUBEQA (darolutamide) tablets, for oral use (Nubeqa).   
 
OPDP’s comments on the proposed labeling are based on the draft PI received by electronic 
mail from DOP1 (Mitchell Chan) on July 16, 2019 and are provided below.    
 
A combined OPDP and Division of Medical Policy Programs (DMPP) review was completed 
and submitted under a separate cover on July 11, 2019.   
 
Thank you for your consult.  If you have any questions, please contact Nazia Fatima at 240-
402-5041 or Nazia.Fatima@fda.hhs.gov . 
 
 
  

FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotion  

Reference ID: 4463520
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Department of Health and Human Services 
Public Health Service 

Food and Drug Administration 
Center for Drug Evaluation and Research 

Office of Medical Policy  
 

PATIENT LABELING REVIEW 

 
Date: 

 
July 11, 2019 

 
To: 

 
Julia Beaver, MD 
Director 
Division of Oncology Products 1 (DOP 1) 

 
Through: 

 
LaShawn Griffiths, MSHS-PH, BSN, RN  
Associate Director for Patient Labeling  
Division of Medical Policy Programs (DMPP) 
 
Barbara Fuller, RN, MSN, CWOCN 
Team Leader, Patient Labeling  
Division of Medical Policy Programs (DMPP) 

 
From: 

 
Ruth Mayrosh, PharmD 
Patient Labeling Reviewer 
Division of Medical Policy Programs (DMPP) 
Nazia Fatima, PharmD, MBA, RAC  
Regulatory Review Officer  
Office of Prescription Drug Promotion (OPDP) 

Subject: Review of Patient Labeling: Patient Package Insert (PPI)  
 

Drug Name (established 
name):   

NUBEQA (darolutamide) 
 

Dosage Form and 
Route: 

tablets, for oral use  

Application 
Type/Number:  

NDA 212099 

Applicant: Bayer HealthCare Pharmaceuticals Inc.  
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1 INTRODUCTION 
On February 26, 2019, Bayer HealthCare Pharmaceuticals Inc. submitted for the 
Agency’s review an original New Drug Application (NDA) 212099 for NUBEQA 
(darolutamide) tablets. The proposed indication for NUBEQA (darolutamide) tablets 
is for the treatment of patients with non-metastatic castration resistant prostate 
cancer. 
This collaborative review is written by the Division of Medical Policy Programs 
(DMPP) and the Office of Prescription Drug Promotion (OPDP) in response to a 
request by the Division of Oncology Products 1 (DOP 1) on April 4, 2019 and March 
13, 2019, respectively, for DMPP and OPDP to review the Applicant’s proposed 
Patient Package Insert (PPI) for NUBEQA (darolutamide) tablets.   

 
2 MATERIAL REVIEWED 

• Draft NUBEQA (darolutamide) tablets PPI received on February 26, 2019, 
revised by the Review Division throughout the review cycle, and received by 
DMPP and OPDP on July 2, 2019.  

• Draft NUBEQA (darolutamide) tablets Prescribing Information (PI) received on 
February 26, 2019, revised by the Review Division throughout the review cycle, 
and received by DMPP and OPDP on July 2, 2019. 

 
3 REVIEW METHODS 

To enhance patient comprehension, materials should be written at a 6th to 8th grade 
reading level, and have a reading ease score of at least 60%. A reading ease score of 
60% corresponds to an 8th grade reading level. 
Additionally, in 2008 the American Society of Consultant Pharmacists Foundation 
(ASCP) in collaboration with the American Foundation for the Blind (AFB) 
published Guidelines for Prescription Labeling and Consumer Medication 
Information for People with Vision Loss. The ASCP and AFB recommended using 
fonts such as Verdana, Arial or APHont to make medical information more 
accessible for patients with vision loss.  We reformatted the PPI document using the 
Arial font, size 10. 
In our collaborative review of the PPI we:  

• simplified wording and clarified concepts where possible 

• ensured that the PPI is consistent with the Prescribing Information (PI)  

• removed unnecessary or redundant information 

• ensured that the PPI is free of promotional language or suggested revisions to 
ensure that it is free of promotional language 

• ensured that the PPI meets the criteria as specified in FDA’s Guidance for 
Useful Written Consumer Medication Information (published July 2006) 
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4 CONCLUSIONS 
The PPI is acceptable with our recommended changes. 

 
5 RECOMMENDATIONS 

• Please send these comments to the Applicant and copy DMPP and OPDP on the 
correspondence.  

• Our collaborative review of the PPI is appended to this memorandum. Consult 
DMPP and OPDP regarding any additional revisions made to the PI to determine 
if corresponding revisions need to be made to the PPI.   

 Please let us know if you have any questions.  
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Interdisciplinary Review Team for QT Studies Consultation Review

Submission NDA # 212099

Submission Number # 002

Submission Date 2/26/2019

Date Consult Received 3/13/2019

Clinical Division DOP1
Note: Any text in the review with a light background should be inferred as copied from 
the sponsor’s document.

This review responds to your consult regarding the sponsor’s QT evaluation. The QT-
IRT reviewed the following materials:

 IRT Review under IND 114769 dated 03/30/2015 in DARRTS; 
 Study 17712 clinical trial report (Submission 0002);
 Cardiac Expert Report: ECG/PK Substudy (Submission 0002);
 Proposed label (Submission 0002);
 Highlight of clinical pharmacology and cardiac safety.

1 SUMMARY
No large QTc prolongation effect (i.e. >20 ms) of darolutamide was detected in this QT 
assessment. 

The effect of darolutamide was evaluated in the ECG/PK substudy of study 17712 at a 
twice-daily (b.i.d.) dose of 600 mg.  No positive control was included in this study.  The 
data was evaluated using by-time central tendency analysis as the primary analysis.  The 
largest upper bound of the 2-sided 90% CI for mean change from baseline is below 20 ms 
(Table 1).  The findings of this analysis are further supported by the available nonclinical 
data (section 5.1) and categorical analysis  none of the patients had QTcF > 60 ms and 
there was no imbalance between treatment arms in the percentage of patients with QTcF 
>500 ms (section 4.4).

 Table 1:  The Point Estimates and the 90% CIs (FDA Analysis)
ECG parameter Treatment Day Time Mean

(ms)
90% CI

(ms)
QTcF Darolutamide 600 mg b.i.d. 15 4-6 h post-dose 5.9 (-0.9, 12.7)

29 6-8 h post-dose 4.2 (-3.1, 11.6)
106 0-2 h post-dose -0.7 (-6.3, 4.8)

QTcF Placebo 15 10-12 h post-dose 0.8 (-3.6, 5.2)
29 10-12 h post-dose 4.4 (-1.0, 9.9)
106 8-10 h post-dose -1.0 (-11.4, 9.4)

Table displayed with the sample size greater than 5.

The data do not support a concentration-QTc analysis because (1) the exposure range is 
narrow because of the single dose level design and because PK data were collected at 
steady state with a small fluctuation ratio; and (2) the binned time window does not 
support an evaluation of potential hysteresis.  
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1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR

Not applicable.

1.2 COMMENTS TO THE REVIEW DIVISION 

Not applicable 

2 PROPOSED LABEL
Below are proposed edits to the label submitted to Submission 0002 from the QT-IRT. 
Our changes are highlighted (addition, deletion).  We defer final labeling decisions to the 
Division.

12.2 Pharmacodynamics
Cardiac Electrophysiology

The effect of darolutamide  
00 mg 

 twice daily  on the QTc interval was evaluated in a 
subgroup of 500 patients in the phase III study (ARAMIS). No large mean increase in 
QTc (i.e., > 20 ms) was detected. 

Reviewer’s comment:  
 

 

3 SPONSOR’S SUBMISSION

3.1 OVERVIEW

The QT-IRT reviewed the QT assessment proposal previously (DARRTS 03/30/2015, 
under IND 114769).  The sponsor proposed to collect PK/ECG data from approximately 
400 patients receiving study drug (600 mg b.i.d.) and 200 patients receiving placebo 
treatment in the Phase 3 trial ARAMIS (study no. 3104007 under IND 114769 or study 
17712 in the current submission).  Five PK-samples would be collected at 3 visits (Day 
15, Day 29 and Week 16) within 3 sampling windows (2 trough samples:10-14 hours 
after the evening dose; 2 early samples: 1-4 hours after the morning dose; and one late 
sample: 4-8 hours after the morning dose).  The primary analysis was proposed to be 
concentration-QTc analysis using QTcB or QTcF.  The QT-IRT agreed that the study 
should be adequate to exclude large mean effect, and recommended that the exposure-
response relationship between plasma concentrations of major metabolites and QTc 
should be assessed. 

In the current submission, the therapeutic dose, the primary analysis and endpoint, and 
the overall study design remained the same as previously proposed. 

Reference ID: 4456496
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3.2 SPONSOR’S RESULTS

3.2.1 Central tendency analysis
Darolutamide excluded the 20 ms threshold at the 600 mg b.i.d. dose.  Both sponsor’s 
results and this reviewer’s results concluded that there is no large QT prolonging (>20 ms) 
darolutamide effect from observed in this study.  Please see section 4.3 for additional 
details.

3.2.1.1 Assay Sensitivity
No applicable.

3.2.1.1.1 QT bias assessment
No QT bias assessment was conducted by the sponsor. 

3.2.2 Categorical Analysis
No subject had ΔQTcF>60 ms.  Sponsor’s reported 2 subjects had QTcF >500 ms 
(subjects  and ) in the darolutamide group.  However, 1 additional 
subject ( ) in darolutamide group had QTcF >500 ms listed in the Listing 16.2.6.1 
(page 1103) was not included in sponsor’s categorical analysis.  

There are 3 subjects in darolutamide group that had QTcF>500 ms in the FDA reviewer’s 
analysis.  Please see section 4.4 for additional details.

Reviewer’s comment: There is no imbalance between treatment arms in the percentage 
of patients with QTcF >500 ms.

3.2.3 Cardiac Safety Analysis
The overall incidence of TEAEs in the SOC cardiac disorders was higher in the 
darolutamide arm compared to placebo arm (11.8% vs. 7.4%, respectively).  The 
difference was observed across all grades, except for grade 5 TEAEs where the incidence 
was comparable between the treatment arms (1.0% vs. 1.4%, respectively).  Also the 
overall mortality rate of patients in the study with reported cause “cardiovascular disease” 
was comparable between the treatment arms (22.8% of all deaths in the darolutamide arm 
and 19.0% of all deaths in the placebo arm).

TEAEs in the MedDRA HLGTs cardiac arrhythmias (6.71% vs. 3.97%), coronary artery 
disorders (3.25% vs. 2.53%), and heart failures (1.89% vs. 0.90%) represented the key 
contributors to the overall count on the SOC level and to the disproportion between 
darolutamide and placebo treatment arms.

Within the HLGT cardiac arrhythmias, the HLTs cardiac conduction disorders (0.94% 
darolutamide vs. 0.36% placebo), rate and rhythm disorders NEC (3.35% vs. 1.08%), and 
supraventricular arrhythmias (3.04% vs. 1.62%) mainly contributed to the overall count 
and to the disproportion on the HLGT level.  The majority of the events were reported 
with worst grade of 1 or 2.  The most common PTs were atrial fibrillation (2.3% vs. 
1.4%), arrhythmia (1.5% vs. 0.5%) and bradycardia (1.0% vs.0.2%).  No difference 
between the darolutamide and placebo arms was observed for HLT ventricular 
arrhythmias and cardiac arrest (0.6% vs. 0.9%, respectively).
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There are no reports of torsade de pointes or ventricular flutter.  The ventricular 
tachycardia/fibrillation and seizure were not observed in patients with change from 
baseline in QTcF ≥ 30 ms or QTcF post-baseline value > 480 ms. 

In the following table the cardiac safety events according to ICH E14 guidance are 
provided as non-grouped preferred terms (PT).  There might therefore be differences to 
the presentation in other submitted documents in which grouped terms were used. For 
study 17712, the percentage of the events is provided in addition to the number of events. 

Syncope and seizure occurred at similar frequencies in both, the darolutamide and 
placebo arm.  Sudden death and ventricular tachycardia were observed in the 
darolutamide arm only.  These two cases are described in more detail below. 

One event of sudden death was reported in a 78 year old male patient (ID 17712-
) from ARAMIS study 17712. On Study Day 26 the Investigator was notified that the 

patient had died at home in bed.  The patient had a cardiac medical history of chronic 
atrial fibrillation, tachycardia, and essential hypertension. The investigator and the 
sponsor considered the event to be not related to study drug. 

One event of grade 1 ventricular tachycardia was reported in an 84 year old male patient 
(ID 17712- ) with a medical history of hypertension and atrial fibrillation.  A 
preceding unrelated adverse event of sinus node dysfunction was reported.  On the day of 
planned placement of a pacemaker, the subject experienced ventricular tachycardia, 
which was considered a non-serious grade 1 adverse event and assessed as unrelated to 
the study drug by the investigator.

Reviewer’s comments:  There was no concerning imbalance between treatment arms in 
adverse events identified to be of clinical importance per the ICH E14 guidelines (i.e., 
syncope, seizure, significant ventricular arrhythmias or sudden cardiac death).  
QTc prolongation was not reported for patients ID 17712-  (sudden death case) 
and ID 17712  (ventricular tachycardia).
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3.2.4 Exposure-Response Analysis
The sponsor’s used QTcF as the dependent variable; treatment effect, actual clock time in 
bins of 1 hour, and baseline QTcF as fixed effects; and included random effect on slopes 
and baseline QTcF.  The single analyte model included darolutamide concentration as the 
exposure metric.  The combined analyte model included parent drug [(S,R)-darolutamide, 
(S,S)-darolutamide] and metabolite (ketodarolutamide) concentrations as the exposure 
metrics.  The predicted mean QTcF were below 10 ms and the upper bound of the 
two-side 90% confidence interval of predicted QTcF values were below 20 ms using 
either model.

Reviewer’s comments:  The data is not of good quality to support a concentration-QTc 
analysis because (1) the exposure range is narrow because of the single dose level design 
and because PK data were collected at steady state with a small fluctuation ratio; and (2) 
the binned time window does not support an evaluation of potential hysteresis.  The 
reviewer did not conduct independent concentration-QTc analysis. 

4 REVIEWERS’ ASSESSMENT

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD

The sponsor used QTcF for the primary analysis, which is acceptable as no significant 
increases or decreases in heart rate (i.e., mean <10 bpm) were observed (see sections 4.3.2 
and 4.5).

4.2 ECG ASSESSMENTS

4.2.1 Overall
In this study there were 6%, 5.7%, and 5.3% of the ECGs with measures that were 
outside the 95% of the ECGs in the ECG warehouse thresholds for high frequency noise 
present at end of T wave, QT bias, and T wave signal to noise ratio, respectively.  Visual 
inspection of a subset of ECG waveforms with the largest QT bias differences (20 from 
darolutamide, 20 from placebo) showed ECGs with high frequency noise present in one 
or several leads, powerline noise, and other noise artifacts typically associated with poor 
connection of electrodes to subject’s skin and subject movements during the ECG 
acquisition. While a more detailed QT bias assessment is presented in section 4.2.2 
below, which suggests absence of negative QTc bias, it is possible that signal quality 
issues described above could still impact the interpretability of the study.

4.2.2 QT bias assessment
QT bias assessment was conducted by evaluating the relationship between the difference 
between the sponsor provided QT measurements and the automated algorithm used by 
the ECG Warehouse and the mean of the two measurements (BA-slope).  The resulting 
BA-slope by treatment (active/placebo/overall) is presented for QTcF (Table 2) and QT 
(Table 3).  This analysis does not suggest the presence of significant negative treatment 
bias.

Table 2: QTcF bias assessment by treatment
Treatment # of ECGs mean (sd), ms Slope [95% CI], ms per 100 ms
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Overall 5118 0.99 (17.05) -6.85 [-8.41 to -5.29]
Darolutamide 3342 1.26 (17.3) -6.03 [-8 to -4.07]
Placebo 1776 0.48 (16.54) -8.54 [-11.15 to -5.93]

Table 3: QT bias assessment by treatment
Treatment # of ECGs mean (sd), ms Slope [95% CI], ms per 100 ms
Overall 5118 0.98 (16.76) -2.98 [-4.02 to -1.93]
Darolutamide 3342 1.22 (17.11) -4.03 [-5.32 to -2.74]
Placebo 1776 0.52 (16.07) -0.8 [-2.58 to 0.98]

4.3 CENTRAL TENDENCY ANALYSIS

The issue is that ECG/PK data was not collected per a fixed schedule but rather within 
flexible windows.  This makes the comparison between darolutamide and placebo group 
not applicable because of a lack of common schedule.  Hence, we proposed to perform 
the mean change from baseline despite it includes the placebo group.  We focus on visit 
days on 15, 29 and 106 and display in the figures with the sample size larger than 5.

4.3.1 QTc
The ECG/PK substudy data was evaluated for each visit by time as the primary analysis.  
For visit days 15, 29 and 106, the largest upper bounds confidence interval for the mean 
QTcF change from baseline were 12.7 ms, 11.6 ms and 4.8 ms at 4-6 hours post-dose, at 
6-8 hours post-dose, and at 0-2 hours post-doses, respectively (Figure 1).  

The following displays the time profile of ΔQTcF for darolutamide 600 mg b.i.d. and 
placebo groups.

Figure 1: Mean and 90% CI ΔQTcF time course 

4.3.1.1 Assay sensitivity
Not applicable.
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4.3.2 HR
The same data by visit and time analysis was performed based on ΔHR (Figure 2).  For 
visit days 15, 29 and 106, the largest upper bounds confidence interval for the mean HR 
change from baseline were 4.2 bpm, 5.8 bpm and 4.6 bpm at >10 hours , at >10 hours and 
at 0-2 hours post-doses, respectively. 

Figure 2: Mean and 90% CI ΔHR time course

4.3.3 PR
The same data by visit and time points analysis was performed based on ΔPR (Figure 3).  
For visit days 15, 29 and 106, the largest upper bounds confidence intervals for the mean 
PR change from baseline were 3.9 ms, 4.4 ms and 9.8 ms at 0-2 hours, at 6-8 hours and at 
0-2 hours post-doses, respectively. 

Reference ID: 4456496
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Figure 3: Mean and 90% CI ΔPR time course

4.3.4 QRS
The same data by visit and time points analysis was performed based on ΔQRS (Figure 
4).  For visit days 15, 29 and 106, the largest upper bounds confidence interval for the 
mean QRS change from baseline were 0.8 ms, 3.3 ms and 3.0 ms at 4-6 hours , at 4-6 
hours and at 0-2 hours post-doses, respectively. 

Figure 4: Mean and 90% CI ΔQRS time course

Reference ID: 4456496
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4.4 CATEGORICAL ANALYSIS

4.4.1 QTc
Table 4 lists the number of subjects as well as the number of observations whose QTcF 
values are ≤ 450 ms, between 450 ms and 480 ms, between 450 ms and 480 ms, and >500 
ms.  Three subject’s QTcF are above 500 ms (1 subject had baseline 507 ms).

Table 4: Categorical Analysis for QTcF 
Total (N) Value <= 450 msec 450 msec < Value 

<= 480 msec
480 msec < Value 

<= 500 msec Value > 500 msec
TRT

# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Darolutamide 
600 mg b.i.d. 323 1167 243

(75.2%)
975

(83.6%)
61

(18.9%)
151

(12.9%)
16

(5.0%)
37

(3.2%)
3

(0.9%)
4

(0.3%)

Placebo 177 619 132
(74.6%)

511
(82.6%)

37
(20.9%)

93
(15.0%)

5
(2.8%)

8
(1.3%)

3
(1.7%)

7
(1.1%)

Table 5 lists the categorical analysis results for ΔQTcF.  No subject’s ΔQTcF was above 
60 ms. 

Table 5: Categorical Analysis of ΔQTcF
Total (N) Value <= 30 ms 30 ms < Value <= 60 ms

TRT
# Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Darolutamide 600 
mg b.i.d. 323 1167 308

(95.4%)
1145

(98.1%)
15

(4.6%)
22

(1.9%)

Placebo 177 619 169
(95.5%)

606
(97.9%)

8
(4.5%)

13
(2.1%)

4.4.2 PR
The outlier analysis results for PR are presented in Table 6.  Fifty-seven subjects (17.6%) 
who experienced PR >220 ms in the darolutamide group had no more than 25% increase 
from baseline.  Four subjects (1.2%) had PR >220 ms and a 25% increase from the 
baseline. Among 61 subjects who had PR>220 ms in the darolutamide group, 43 subjects 
had PR baseline >220 ms.

Table 6: Categorical Analysis for PR
Total (N) Value <= 200 msec 200 msec < Value 

<= 220 msec
Value > 220 msec

& <= 25%
Value > 220 msec 

& > 25%TRT
# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Darolutamide 
600 mg b.i.d. 323 1167 229

(70.9%)
912

(78.2%)
33

(10.2%)
108

(9.3%)
57

(17.6%)
143

(12.3%)
4

(1.2%)
4

(0.3%)

Placebo 177 619 124
(70.1%)

476
(76.9%)

31
(17.5%)

81
(13.1%)

21
(11.9%)

60
(9.7%)

1
(0.6%)

2
(0.3%)

4.4.3 QRS
The outlier analysis results for QRS are presented in Table 7.  Sixty-seven subjects who 
experienced QRS >110 ms in the darolutamide group had no more than 25% increase 
from baseline.  One subject had QRS>110 ms and a 25% increase from the baseline. 
Among 68 subjects who had QRS>110 ms in the darolutamide group, 61 subjects had 
QRS baseline >110 ms.  
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Table 7: Categorical Analysis for QRS
Total (N) Value <= 100 

msec
100 < Value <= 110 

msec
Value > 110 msec

& <= 25%
Value > 110 msec & 

> 25%TRT
# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Darolutamid
e 600 mg 
b.i.d.

323 1167
188

(58.2%
)

806
(69.1%)

67
(20.7%)

152
(13.0%

)

67
(20.7%

)

208
(17.8%)

1
(0.3%)

1
(0.1%)

Placebo 177 619
105

(59.3%
)

445
(71.9%)

36
(20.3%)

68
(11.0%

)

36
(20.3%

)

106
(17.1%)

0 
(0%)

0
 (0%)

4.4.4 HR
The outlier analysis results for HR are presented in Table 8. Four subjects experienced 
HR>100 bpm in the darolutamide group. No subject had HR baseline >100 bpm.

Table 8: Categorical Analysis for HR
Total (N) Value <= 100 beats/min Value > 100 beats/min

TRT
# Subj. # Obs. # Subj. # Obs. # Subj. # Obs.

Darolutamide 
600 mg b.i.d. 323 1167 319

(98.8%)
1159

(99.3%)
4

(1.2%)
8

(0.7%)

Placebo 177 619 172
(97.2%)

612
(98.9%)

5
(2.8%)

7
(1.1%)

4.5 EXPOSURE-RESPONSE ANALYSIS

The objective of the clinical pharmacology analysis is to assess the relationship between 
drug concentration and ΔQTcF.  Prior to evaluating the relationship using a linear model, 
the three key assumptions of the model were evaluated using exploratory analysis: 1) 
absence of significant changes in heart rate (more than a 10 bpm increase or decrease in 
mean HR); 2) delay between plasma concentration and ΔQTcF and 3) presence of non-
linear relationship.  An evaluation of the time-course of drug concentration and changes 
in ΔHR and ΔQTcF is shown in Figure 5.  The figure suggests a narrow exposure range 
as was expected because of the single dose level design and because PK data were 
collected at steady state with a small fluctuation ratio.  In addition, it is very challenging 
to evaluate potential hysteresis because samples were collected in binned time windows.  
Figure 5 shows an absence of significant changes in HR.  Therefore, the reviewer did not 
conduct a formal concentration-QTc analysis.  Exploratory analysis using linear mixed 
effect modeling suggests a lack of positive exposure-response relationship between 
QTcF vs. darolutamide or keto-darolutamide concentrations.
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Figure 5: Time course of drug concentration, heart rate and QTcF.

4.5.1 Assay sensitivity
Not applicable.

4.6 SAFETY ASSESSMENTS

See section 3.2.3.  No additional safety analysis was conducted.
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5 APPENDIX

5.1 IRT’S HIGHLIGHTS OF CLINICAL PHARMACOLOGY AND CARDIAC SAFETY
Therapeutic 
dose and 
exposure

600 mg darolutamide twice-daily. There are no single-dose data in target population 
(nmCRPC patients). Steady-state exposure:
Cmax: 4.79 µg/mL (CV: 30.9%); AUC0-12: 52.8 h•µg/mL (CV: 33.9%)

Maximum 
tolerated dose

Due to absorption limitations maximum tolerated dose or NOAEL could not be 
determined.

Principal 
adverse events

No dose limiting adverse event (AE) observed.
Most common AEs: fatigue (12.1%), incidence rate for all other AEs was <10%
Single Dose 900 mg: Cmax: 1.79µg/mL (17.7%); AUC: 24.4 h•µg/mL (34.3%)

700 mg: Cmax: 1.87µg/mL (24.8%); AUC: 28.9 h•µg/mL (38.9%)
Study 17829, mCRPC patients (Report no. R-9584)

Maximum dose 
tested and 
exposures 
achieved Multiple 

Dose
900 mg: Cmax: 4.20 µg/mL (15.4%); AUC: 40.4 h•µg/mL (18.2%)
700 mg: Cmax: 4.35µg/mL (27.5%); AUC: 44.7 h•µg/mL (31.0%)
Study 17829, mCRPC patients (Report no. R-9584)

Linear PK 100-700 mg after single and repeated twice-daily dosing
Accumulation 
at steady state

2.1-fold accumulation of darolutamide in healthy male subjects following repeated b.i.d. 
administration of 600 mg (Study 17723, Report no. PH-39412).
2.9-fold accumulation of darolutamide in nmCRPC patients following repeated b.i.d. 
administration of 600 mg and based on effective half-life determination (PopPK analysis, 
Study 18651, Report no. R-12789)

Metabolites Keto-darolutamide is the only major metabolite. Together with the parent compound 
darolutamide, they account for 87.5% of total radioactivity in plasma. Darolutamide and 
keto- darolutamide have similar pharmacological activity. No other metabolite was 
detected to a relevant extend in plasma.
Bio-
availability

Tablet, fasted state, absolute bioavailability: 29.9% (19.4%);
Oral solution, fasted state, absolute bioavailability: 98.9% (21.3%) (Study 
17831, Report no. R-11003).  Darolutamide is always given under fed status 
in other studies.  Food effect: 2.0-2.5-fold higher exposure under fed (high- 
and low-fat meal) compared to fasted conditions in mCRPC patients. 
(Studies 17830 and 17719,  Report nos. R-9789 and PH-39192)

Absorption

Tmax Darolutamide: 3.67 h (2.72-3.92 h); Keto-darolutamide: 2.07 h (1.66-2.18 
h). PopPK analysis (Study 18651, Report no. R-12789)

Vd Vd: 119 mL (28.9%) (Study 17831, Report no. R-11003)Distribution
% bound 92%
Route  Excretion with urine: 63.4% (range 59.5 – 68.9%)

 Excretion with feces: 32.34% (range 28.8 – 35.9%)
(Study 17831, Report no. R-11003)

Terminal t½  Effective half-life of darolutamide in nmCRPC patients after 
administration of 600 mg: 19.6 h (29.7%)
 Effective half-life of keto-darolutamide in nmCRPC patients after 
administration of 600 mg darolutamide: 20.0 h (37.9%)
(PopPK analysis, Study 18651, Report no. R-12789)

Elimination

CL CL: 116 mL/min (39.7%) (Study 17831, Report no. R-11003)
Age 1.6-fold difference in AUC (Cmax not investigated) between nmCRPC 

patients ≥85 years and patients ≤65 years (PopPK analysis, Study 18651)
Sex 1.3- (Cmax) and 1.5-fold (AUC) higher values in healthy female subjects 

compared to healthy male subjects (Study 17723)
Race 1.4-fold difference in AUC (Cmax was not investigated) between nmCRPC 

patients from Japan and patients from Rest of World (Study 18651)

Intrinsic 
Factors

Hepatic & 
Renal 

Hepatic impairment: 1.5- (Cmax) and 1.9-fold (AUC0-48) higher values in 
non-cancer male subjects with moderate impairment (Child Pugh B) 
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Impairment compared to healthy male subjects following single administration of 600 
mg. (Study 17721, Report no. PH-39976). No difference was observed 
between nmCRPC patients with mild impairment (NCI-ODWG criteria) 
and patients with normal liver function at steady-state. (Study 18651) 
Renal impairment:
1.6- (Cmax) and 2.5-fold (AUC(0-48)) higher values in non-cancer male 
subjects with severe impairment (eGFR) compared to healthy male subjects 
following single administration of 600 mg (Study 17721, Report no. PH-
39976). In nmCRPC patients with mild and moderate impairment (eGFR), a 
1.1- and 1.3-fold higher AUC, respectively, than in patients with normal 
renal function at steady-state (Cmax not determined). (Study 18651)

Drug 
interactions

Repeated administration of 200 mg itraconazole, a CYP3A4, P-gp and 
BCRP inhibitor, with 600 mg darolutamide given once together compared 
to a single administration of 600 mg darolutamide alone resulted in 1.4- 
(Cmax) and 1.7-fold (AUC) difference in healthy male subjects.
Repeated administration of 600 mg rifampicin, a CYP3A4 and P-gp 
inducer, with 600 mg darolutamide given once together compared to a 
single administration of 600 mg darolutamide alone resulted in a reduction 
by 52% (Cmax) and by 72% (AUC) in healthy male subjects. (Study 17726, 
Report no. PH-40010)
PopPK analysis did not show any significant impact on darolutamide 
exposure by BCRP inhibitors, P-gp inhibitors, CYP3A4 inhibitors and 
proton pump inhibitors. The number of subjects per compound for other 
comedication was too small to get a reliable result. (Study 18651)

Extrinsic 
Factors

Food 
Effects

High-fat meal, Tablet A/B, 600 mg (Study 17830, Report no. R-9789): 
Cmax ratio: 2.13/1.81; AUC ratio: 2.56/2.01 
Low-fat (Japanese) meal, 600 mg (Study 17719, Report no. PH-39192): 
Cmax ratio: 2.78, AUC ratio: 2.53

Expected High 
Clinical 
Exposure 
Scenario

Exposure achieved in nmCRPC patients: Cmax 4.80 μg/mL (CV 31.4%, range 1.69-12.3 
μg/mL), AUC 53.1 h•μg/mL (CV 34.4%, range 15.9-143 h•μg/mL). The data indicate 
that the exposure in nmCRPC patients was higher than that in mCRPC patients at the 
maximum dose of 900 mg darolutamide. The maximum and the 95th percentile exposure 
in nmCRPC patients were 2.7- and 1.7-fold higher than the mean exposure.
In the population PK analysis of study 17712, simulations were conducted using the 95th 
percentile of the 3 covariates with significant impact, age, AST concentration and serum 
creatinine (renal function) in Japanese vs. Non-Japanese. The median exposure (AUC) in 
the simulated Japanese group with highest covariate impact was 1.7-fold higher than the 
median exposure in all nmCRPC patients. Thus, the simulated worst-case scenario is 
reflected by the 95th percentile data from the observed concentrations and estimated 
exposure data in study 17712.

Preclinical 
Cardiac Safety

The hERG potassium current was only blocked at very high concentrations (extrapolated 
IC50 of 87.9 μM) that are not regarded to be of physiological relevance. The same was 
due for the L-type calcium channel that was blocked only at rather high concentrations 
(IC50 37.4 μM). (Report IDs: R-9683, R-9689)
In vivo studies addressing the risk for QT-prolongation of darolutamide were conducted 
by QT/QTc interval measurements in the ECG recordings of anesthetized and conscious 
male and female Beagle dogs. No prolongation of QT/QTc intervals and no QT/QTc-
related arrhythmias were seen up to the highest dose of darolutamide tested, 
corresponding to a maximum free plasma darolutamide concentration of 3890 ng/mL 
(approx. 10 μM). (Report IDs: R-9691, R-12429, R-9667, R-9672, R-9679)
Similar studies addressing the risk for QT-prolongation were conducted for keto-
darolutamide, (S,R)-darolutamide and (S,S)-darolutamide: hERG potassium channel 
voltage clamp and L-type calcium channel fluorometric assays in vitro and QT/QTc 
interval measurements in the ECG recordings of anesthetized Beagle dogs [(S,S)-
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darolutamide]. None of these studies indicated physiologically relevant effects on hERG 
potassium or the L-type calcium channels nor any effect on QT/QTc interval 
prolongation in dogs. (Report IDs: R-9683, R-9689, R-9690, R-12430)

Clinical 
Cardiac Safety

10 clinical studies were used for this evaluation 
100 mg: 17829 (N=42) and 18035 (N=25); 200 mg: 17829 (N=44) and 18035 (N=25); 
300 mg: 17719 (N=3), 17831 (N=12), 17829 (N=3) and 18035 (N=3); 500 mg: 17829 
(N=4) and 18035 (N=2); 600 mg: 17712 (N=954), 17719 (N=6), 17721 (N=29), 17723 
(N=30), 17726 (N=15), 17830 (N=30) and 18060 (N=15); 700 mg: 17829 (N=38) and 
18035 (N=18) 900 mg: 17829 (N=3) and 18035 (N=3).
There are no reports of torsade de pointes or ventricular flutter. The ventricular 
tachycardia/fibrillation and seizure were not observed in patients with change from 
baseline in QTcF ≥ 30 ms or QTcF post-baseline value > 480 ms. In the following table 
the cardiac safety events according to ICH E14 guidance are provided as non-grouped 
preferred terms (PT). There might therefore be differences to the presentation in other 
submitted documents in which grouped terms were used. For study 17712, the percentage 
of the events is provided in addition to the number of events.
Event MedDRA PT Study 17712 All other studies

Darolutamide Placebo Darolutamide
Torsade de pointes 0 0 0
Sudden death 1 (0.1%) 0 0
Ventricular tachycardia 1 (0.1%) 0 0
Ventricular fibrillation 0 1 (0.2%) 0
Ventricular flutter 0 0 0
Syncope 4 (0.4%) 3 (0.5%) 2
Seizure 1 (0.1%) 1 (0.2%) 0
Syncope and seizure occurred at similar frequencies in both, the darolutamide and 
placebo arm. Sudden death and ventricular tachycardia were observed in the 
darolutamide arm only. These two cases are described in more detail below.
One event of sudden death was reported in a 78 year old male patient (ID 17712-

) from ARAMIS study 17712. On Study Day 26 the Investigator was notified that the 
patient had died at home in bed. The patient had a cardiac medical history of chronic 
atrial fibrillation, tachycardia, and essential hypertension. The investigator and the 
sponsor considered the event to be not related to study drug.
One event of grade 1 ventricular tachycardia was reported in an 84 year old male patient 
(ID 17712- ) with a medical history of hypertension and atrial fibrillation. A 
preceding unrelated adverse event of sinus node dysfunction was reported. On the day of 
planned placement of a pacemaker, the subject experienced ventricular tachycardia, 
which was considered a non-serious grade 1 adverse event and assessed as unrelated to 
the study drug by the investigator.
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: June 12, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212099

Product Name and Strength: Nubeqa (darolutamide) tablets, 300 mg

Applicant/Sponsor Name: Bayer HealthCare Pharmaceuticals Inc.

FDA Received Date: June 5, 2019

OSE RCM #: 2019-567-1

DMEPA Safety Evaluator: Tingting Gao, PharmD 

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD

1 PURPOSE OF MEMORANDUM
The Applicant submitted revised container label and carton labeling received on June 5, 2019 
for Nubeqa. Division of Oncology Products 1 (DOP1) requested that we review the revised 
container label and carton labeling for Nubeqa (Appendix A) to determine if it is acceptable 
from a medication error perspective.  The revisions are in response to recommendations that 
we made during a previous label and labeling review.a 

2 DISCUSSION
Bayer stated that they intend to use MMM-YYYY as the expiration date format instead of the 
previously recommended format (e.g., YYYY-MMM-DD or YYYY-MMM) on the container label 
and carton labeling.b Since the proposed expiration date format consists of the 3-letter 
abbreviated alphabetical characters for the month (MMM) and the 4-digit year (YYYY), we find 
this proposed expiration date format acceptable from a medication error perspective.

a Gao T. Label and Labeling Review for Nubeqa (NDA 212099). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 May 29. RCM No.: 2019-567.
b NDA 212099 Darolutamide (ODM-201, BAY 1841788). Response to FDA’s Carton/Container Label Comments. 
Whippany (NJ): Bayer HealthCare Pharmaceuticals Inc. 2019 June 5. Available at 
\\cdsesub1\evsprod\nda212099\0015\m1\us\12-cover-letters\response-to-fda-carton-and-container-label-
comments-4june201.pdf.

Reference ID: 4447259



2

 
3 CONCLUSION
The revised container label and carton labeling received June 5, 2019 is acceptable from a 
medication error perspective.  The Applicant implemented all of our recommendations and we 
have no additional recommendations at this time.
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1 Page(s) of Draft Labeling has been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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