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Material Reviewed/Consulted
OND Action Package, including: Names of discipline reviewers
Medical Officer Review Marcea Whitaker, M.D., Stephen Bienz, M.D., Gerald Willett, M.D. and 

Stephen Voss, M.D.
Statistical Reviews Kate Dwyer, Ph.D., Sonia Castillo, Ph.D. and Mahboob Sobhan, Ph.D.
Pharmacology Toxicology Review Leslie McKinney, Ph.D. and Alexander Jordan, Ph.D.
CMC Reviews Donna Christner, Ph.D., Hamid Shafiei, Ph.D. and Moo Jhong Rhee, Ph.D.

Sarah Pope Miksinski, Ph.D.
Division of Pharmaceutical Analysis Michael Trehy and John Kauffman, Ph.D.
Office of Pharmaceutical Science James Laurenson and Nakissa Sadrieh, Ph.D.
Clinical Pharmacology Review Sayed Al Habet, R.Ph., Ph.D., LaiMing Lee, Ph.D., Fang Li, Ph.D., Yaning 

Wang, Ph.D., Myong Jin Kim, Pharm D. and E. Dennis Bashaw, Pharm D.
Biopharmaceutics Review Kareen Riviere, Ph.D., John Duan, Ph.D. and Tapash Ghosh, Ph.D.
CDTL Review Theresa Kehoe, M.D.
OSE/DMEPA Manizheh Siahpoushan, Pharm.D., James Schlick, R.Ph., M.B.A. and Carol 

Holquist, R.Ph.
OMPI/DMPP Robin Duer, M.B.A, B.S.N., R.N., Melissa Hulett, R.N., B.S.N., M.S.B.A. 

and LaShawn Griffiths, M.S.H.S-P.H., B.S.N, R.N. 
OPDP Lynn Panholzer, Pharm.D.

Office of Scientific Investigations
Roy Blay, Ph.D., Janice Pohlman, M.D., M.P.H. and Kassa Ayalew, M.D., 
M.P.H.

SEALD Abimbola Adebowale, Ph.D. and Laurie Burke, R.Ph., M.P.H.
OND=Office of New Drugs
OSE= Office of Surveillance and Epidemiology
DMEPA=Division of Medication Error Prevention and Analysis
OPDP=Office of Prescription Drug Promotion
OMPI=Office of Medical Policy Initiatives
DMPP=Division of Medical Policy Programs
CDTL=Cross-Discipline Team Leader
OPDP=Office of Prescription Drug Promotion
PMHS=Pediatric and Maternal Health Staff
SEALD=Study Endpoints and Labeling Development
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of data at baseline and at least 5 days of data for at least one on-therapy week) with last-
observation-carried-forward for missing data. The primary analysis was conducted using an 
ANCOVA model with treatment and study site as factors and baseline value as a covariate 
with a term for treatment-by-study-site interaction. The Applicant controlled the type 1 error 
rate using a stepwise testing procedure so that the conjugated estrogens/bazedoxifene 0.45 
mg/20 mg dose was tested only if there was a win on all four co-primary endpoints with the 
higher 0.625 mg/20 mg dose.

As shown in Table 2, conjugated estrogens/bazedoxifene results in a statistically significant 
reduction in both the frequency and severity of moderate to severe hot flushes from baseline to
Week 4 and from baseline to Week 12 (all p-values <0.001). 

Dr. Dwyer conducted sensitivity analyses using other statistical populations (e.g., observed 
data, the per-protocol population), excluding the 5 patients with missing source documentation 
(<2% of the modified intent-to-treat population) and excluding all 22 patients (~7% of the 
modified intent-to-treat population) enrolled at the Christopher Hutchison study site (the 
Office of Scientific Investigations raised concerns with data integrity at this site - see Section 
11). All of these analyses yielded results that were consistent with the primary efficacy 
analysis. 

This phase 3 trial provides sufficient evidence to support the efficacy of Duavee for the 
vasomotor symptoms indication. The efficacy results are adequately supported by low p-
values and an acceptable magnitude of the treatment effect. For example, the mean treatment 
difference between drug and placebo in hot flush frequency at Weeks 4 and 12 is greater than 
2/day, which is the threshold that has historically been considered acceptable without the need 
to further evaluate clinical meaningfulness using an anchoring question. In addition, these 
results are considered in the backdrop of extensive clinical trial experience establishing the 
efficacy of various hormonal preparations (estrogen and estrogen plus progestin), including 
conjugated estrogens (i.e., Premarin) itself, for the treatment of vasomotor symptoms. 

Table 2. Primary efficacy analyses (Study 305, modified intent-to-treat population)
(Adapted from Table 5 in Dr. Dwyer’s review)

Frequency Severity
CE/bazedoxifene

Placebo
CE/bazedoxifene

Placebo
0.45 mg/20 mg 0.625 mg/20 mg 0.45 mg/20 mg 0.625 mg/20 mg

Baseline 10.3 10.5 2.3 2.3
Week 4

Change -5.9 -2.8 -0.5 -0.1
Treatment effect -3.1 (-4.4, -1.7)* -0.5 (-0.7, -0.3)*

Week 12
Change -7.6 -4.9 -0.9 -0.3
Treatment effect -2.7 (-3.8, -1.6)* -0.6 (-0.9, -0.4)*

Change = change from baseline; Treatment effect = placebo-subtracted treatment difference
*p<0.001
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Osteoporosis: The Applicant submitted data from two trials (Study 303 and Study 3307) to 
support the prevention of osteoporosis indication. 

Study 303: This 2-year, multicenter, double-blind trial randomized postmenopausal women to 
one of six daily doses of conjugated estrogens/bazedoxifene (0.45 mg/10 mg, 0.45 mg/20 mg, 
0.45 mg/40 mg, 0.625 mg/10 mg, 0.625 mg/20 mg, 0.625 mg/40 mg), raloxifene 60 mg and 
placebo. Patients were to have adequate intake of calcium and vitamin D throughout the study. 
The primary endpoint for the overall trial was the incidence of endometrial hyperplasia at Year 
1. Results for this endpoint are discussed in the Safety section. The efficacy for osteoporosis 
prevention was assessed in two substudies. Women in Substudy I (n=1454) had to be >5 years 
postmenopausal, have a lumbar spine or total hip T-score of -1 to -2.5, and have at least one 
additional risk factor for osteoporosis. Those in Substudy II (n=861) had to be 1-5 years 
postmenopausal with at least one additional risk factor for osteoporosis. Dual-energy x-ray 
absorptiometry (DXA) scans were obtained at screening and Months 6, 12, 18 and 24, and 
were evaluated centrally. The primary efficacy endpoint for the two substudies was the mean 
percent change from baseline at Year 2 in lumbar spine bone mineral density. A key secondary 
endpoint was the mean change from baseline at Year 2 in total hip bone mineral density. These 
analyses used the modified intent-to-treat population (randomized patients who took at least 
one dose of study medication and had a baseline and at least one post-baseline bone mineral 
density value) with last observation-carried-forward for missing data. The ANCOVA model 
had treatment and region as factors and baseline bone mineral density and years since 
menopause as covariates.

The Applicant used an alpha of 0.048 for the primary efficacy analyses of bone mineral 
density because some alpha was spent on an interim analysis. The Applicant used hierarchical 
testing to control the overall type 1 error rate across the different conjugated estrogens and 
bazedoxifene doses. 

Study 3307: This 1-year, multicenter, double-blind trial randomized postmenopausal women 
to one of two daily doses of conjugated estrogens/bazedoxifene (0.45 mg/20 mg or 0.625 
mg/20 mg), bazedoxifene 20 mg alone, conjugated estrogens/medroxyprogesterone 0.45 
mg/1.5 mg or placebo. Patients were to have adequate intake of calcium and vitamin D 
throughout the study. The primary endpoint of the overall trial was the incidence of 
endometrial hyperplasia at Year 1. Results for this endpoint are discussed in the Safety section. 
The efficacy for osteoporosis prevention was assessed in a substudy, which included 590
patients ≤5 years postmenopausal. The primary efficacy endpoint for the substudy was the 
mean percent change from baseline at Year 1 in lumbar spine bone mineral density. A key 
secondary endpoint of the substudy was the mean change from baseline at Year 1 in total hip 
bone mineral density. DXA scans were obtained at screening and Months 6 and 12, and were 
evaluated centrally. The statistical population and the statistical model for the osteoporosis 
analyses were the same as those described for Study 303. The Applicant again used a 
hierarchical testing strategy to control type I error for the two conjugated estrogens/
bazedoxifene doses. 
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Table 5. Endometrial hyperplasia findings in the phase 3 program
Data in red exceed the recommended threshold 

(Adapted from Tables 82, 83, 93, 94 and 100 in the primary clinical review)

Treatment Group
Through Year 1 (primary endpoint) Through Year 2

n/N
Hyperplasia

Incidence (%)
Upper 

Bound (%)1 n/N
Hyperplasia 

Incidence (%)
Upper 

Bound (%)1

Study 303
CE 0.45 mg/BZA 40 mg 0/309 0.0 1.22 0/268 0.0 1.4
CE 0.45 mg/BZA 20 mg 0/335 0.0 1.12 2/293 0.7 <4
CE 0.45 mg/BZA 10 mg 3/320 0.9 2.7 7/277 2.5 5.1
CE 0.625 mg/BZA 40 mg
CE 0.625 mg/BZA 20 mg
CE 0.625 mg/BZA 10 mg
Raloxifene 60 mg 0/298 0.0 1.2 0/261 0.0 1.4
Placebo 0/312 0.0 1.2 0/259 0.0 1.4

Study 304
CE 0.45 mg/BZA 20 mg 0/261 0.0 1.1 0/131 0.0 2.3
CE 0.625 mg/BZA 20 mg3

CE 0.45 mg/1.5 mg MPA 0/119 0.0 2.5 0/66 0.0 4.4
Placebo 0/135 0.0 2.2 0/79 0.0 3.7

Study 3307
CE 0.45 mg/BZA 20 mg 1/335 0.3 1.4 - - -
CE 0.625 mg/BZA 20 mg
Bazedoxifene 20 mg 0/169 0.0 1.8 - - -
CE 0.45 mg/1.5 mg MPA 0/149 0.0 2.0 - - -
Placebo 1/354 0.3 1.3 - - -

CE = conjugated estrogens; BZA = bazedoxifene; MPA = medroxyprogesterone acetate
1Upper bound of the one-sided confidence interval for the incidence of endometrial hyperplasia; all analyses used a 
95% one-sided confidence interval unless specified otherwise
2 97.5% one-sided confidence interval was used to address multiplicity for these primary analyses

Based on dense pharmacokinetic sampling, the clinical pharmacology team has identified an 
association between increased body mass index and increased clearance of bazedoxifene. On 
average, there is a 16% decrease in bazedoxifene exposure in patients with body mass index
>27 kg/m2 (n=144) compared to those with body mass index ≤27 kg/m2 (n=93). This cutpoint
of 27 kg/m2 reflects the average body mass index of patients in the dense pharmacokinetic 
dataset. Table 6 shows the incidence of endometrial hyperplasia through Year 2 in Study 303 
according to body mass index, using the 27 kg/m2 cutpoint. These data show a clear concern 
for loss of endometrial protection among those with body mass index >27 kg/m2 when the 10 
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venous thromboembolism in the Duavee trials compared to that seen in the Women’s Health 
Initiative. One explanation is the younger population in the Duavee trials (mean age around the 
mid-50s) compared to the older population enrolled in the Women’s Health Initiative (mid-
60s).

Cerebrovascular events: Conjugated estrogens and bazedoxifene also have the potential to 
increase the risk of cerebrovascular events. As discussed by Dr. Kehoe, cerebrovascular events 
from the five phase 3 trials were adjudicated by an independent cerebrovascular event 
committee. The incidence of stroke was low (1 patient in each conjugated estrogens/
bazedoxifene group and 0 patients in the placebo group) as was the incidence of transient 
ischemic attack (2 patients in the conjugated estrogens/bazedoxifene 0.45 mg/20 mg group and 
no patients in the conjugated estrogens/bazedoxifene 0.625 mg/20 mg and placebo groups).
These data are inconclusive due to the small number of events; therefore, the Duavee label 
should include the standard class warning for estrogens regarding stroke. The low event rate of 
stroke compared to that seen in the Women’s Health Initiative is also possibly explained by the 
younger patient population enrolled into the Duavee trials.

Cardiovascular events: As discussed by Dr. Kehoe, cardiovascular events from the five 
phase 3 trials were adjudicated by an independent cardiovascular event committee. The 
incidence of myocardial infarction was low (2 patients in the conjugated estrogens/
bazedoxifene 0.45 mg/20 mg group, 1 patient in the conjugated estrogens/bazedoxifene 0.625 
mg/20 mg group and 2 patients in the placebo group). These data are inconclusive due to the 
small number of events; therefore, the Duavee label should include the standard estrogen text 
regarding cardiovascular events. 

9. Advisory Committee Meeting

This NDA was not taken to advisory committee. We did not identify efficacy or safety issues 
that needed input from an advisory panel. 

10. Pediatrics

This NDA triggers the Pediatric Research Equity Act (PREA) because of the new active 
ingredient. The Division and the Pediatric Review Committee (PeRC) concur with the 
Applicant’s request for a full waiver of the pediatric requirements. Such studies would be 
impossible/impractical because the intended indications all occur in postmenopausal women.

11. Other Relevant Regulatory Issues

Tradename Review: The Division of Medication Error Prevention and Analysis reviewed the 
tradename Duavee and found it acceptable within 90 days of the action goal date. See the 
reviews by Manizheh Siahpoushan, Pharm.D. and James Schlick, R.Ph., M.B.A. for details.
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Financial Disclosures: As discussed by Dr. Kehoe, about 50% of investigators disclosed 
financial interests ranging from $26,000 to $626,000, mainly for speaking engagements, 
honoraria and consulting fees. However, these investigators individually enrolled a small 
number of patients into the trials  In addition, some 
features of the studies (e.g., double-blinded design, centrally analyzed bone mineral density 
measures, central pathology review of the endometrial biopsy specimens) protect against bias. 
Based on these considerations, I agree that the financial interests would not be expected to 
impact study results.

Site Inspections: The Office of Scientific Investigations (OSI) inspected six clinical sites (one 
of these sites – David Portman, M.D. – was inspected for both Study 306 and Study 3307), the 
bone mineral density central site, and the Applicant. The final classification was NAI (No 
deviation from regulations) for the bone mineral density central site and for three of the 
clinical sites. The Applicant and two clinical sites received a VAI (Deviations from 
regulations). A third clinical site received a classification of OAI (Significant deviations from 
regulations; data unreliable) from the field investigator; however, OSI subsequently 
downgraded the final classification to VIA. Additional information regarding these sites is
summarized below. For further details, see the review by Roy Blay, Ph.D.

VAI: The Edmund Baracat, M.D., Ph.D. enrolled 889 patients (25%) into Study 303. No 
major discrepancies were found when data line listings were compared with source documents 
and case report forms. There were some minor observations, but the most troubling finding 
was that 80 patients (9%) were missing all of their source documents. There were some data to 
suggest that these patients existed (e.g., screening log and data clarification forms) but OSI 
could not verify data integrity for these 80 patients. OSI recommends that we consider the 
potential implications of these missing records (e.g., under-reporting of adverse events or 
overstatement of efficacy) in deciding whether to rely upon data from this site. During the Late 
Cycle Meeting, the Applicant clarified that the missing source documents were related to 
closure of the study site and movement of the patient files to storage facilities. The Applicant 
stated that they conducted both internal and third-party quality assurance inspections and 
determined that the pattern of missing source documentation was random. They were unable to 
identify the reasons for the missing files. As discussed by Dr. Kehoe, exclusion of the 80 
patients with missing source documentation did not impact overall conclusions regarding the 
efficacy of conjugated estrogens/bazedoxifene on bone mineral density. Dr. Castillo also 
conducted a sensitivity analysis excluding all patients from this site and results were still 
statistically significant.

VAI: The Sam Miller, M.D. site enrolled 120 patients (3%) into Study 303. Some minor 
observations were identified (e.g., some patients having study visits outside of specified time 
windows, serious adverse events not reported in a timely manner on five occasions). OSI 
determined that these observations are not likely to have had a significant effect on efficacy or 
safety. However, there were 13 patients (11%) whose records were not available for review at 
the time of inspection. OSI recommends that we consider the potential implications of these 
missing records in deciding whether to rely upon these data. As discussed by Dr. Kehoe, 
exclusion of the patients with missing source documentation did not impact overall 
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estrogen exposures increase relative to bazedoxifene exposures, I agree with the request by 
Clinical Pharmacology for a drug-drug interaction study post-approval to better define the 
potential effect of CYP3A4 inhibitors on exposures to conjugated estrogens. The Applicant 
has agreed to conduct this drug-drug interaction study and both FDA and the Applicant have 
reached agreement on the study timelines, which will be included in the approval letter. 
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