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therapy.4 In an epidemiological study, a high risk for early mortality independent of treatment 
was noted for patients with newly-diagnosed AML who were > 75 years old.5  
 
The table below outlines the consensus criteria for patient characteristics, including pre-existing 
morbidities, that might preclude use of intensive induction chemotherapy. 
 
Patients Characteristics That Might Preclude Use of Intensive Induction Chemotherapy 
Characteristic Consensus Criteria 
Age > 75 years  
ECOG PS 3 or greater 
Cardiac morbidity CHF or cardiomyopathy with LVEF < 50% 

Pulmonary morbidity With DLCO <  65%, FEV1 < 65%, dyspnea at rest, or requiring supplemental oxygen 

Hepatic morbidity Transaminases > 3X ULN and age > 60 years, Childs class B or C cirrhosis, or active 
viral hepatitis 

Renal morbidity On dialysis and age > 60 years 

Cognitive impairment Requiring hospitalization or institutionalization, or not manageable by a caregiver 

Infection Antibiotic-resistant infection 

Other Active cancers or other comorbidities 
Source: Footnote 4 Table 3 
Abbreviations: CHF, congestive heart failure; LVEF, left ventricular ejection fraction; DLCO, carbon monoxide 
diffusing capacity; FEV1, one-second forced expiratory volume; PS, performance status, ULN, upper limit of 
normal 

 
There are currently two drugs with approvals relevant to the intended population for glasdegib: 
 
• Gemtuzumab ozogamicin (GO) has regular approval for treatment of newly-diagnosed 

CD33-positive acute myeloid leukemia in adults based in part on the results of Study 
AML-19, which showed a survival benefit for GO in comparison to best supportive care for 
patients with newly-diagnosed AML and age >75 years, age 61-75 with PS > 2, or unwilling 
to receive intensive therapy. The overall survival (OS) HR was 0.69 (95% CI: 0.53–0.90; 
2-sided p=0.005; median overall survival (OS) was 4.9 months in the GO arm versus 3.6 
months in the control arm).  The reported CR rate for single-agent GO was 15%.6 
 

• Venetoclax has accelerated approval for the treatment of newly-diagnosed acute myeloid 
leukemia (AML) in adults who are age 75 or older or who have comorbidities that preclude 

                                                 
4 Ferrara F et al. Consensus-based definition of unfitness to intensive and nonintensive chemotherapy in acute 
myeloid leukemia: a project of SIE, SIES and GITMO group on a new tool for therapy decision making . Leukemia 
2013; 27:997-999. 
5 Oran B and Weisdorf DJ. Survival for older patients with acute myeloid leukemia: a population-based study. 
Haematologica 2012; 97:1916-1924. 
6 Amadori S et al. Gemtuzumab ozogamicin versus best supportive care in older patients with newly diagnosed 
acute myeloid leukemia unsuitable for intensive chemotherapy: results of the randomized Phase III EORTC-
GIMEMA AML-19 Trial. J Clin Oncol 2016; 34:972-9.  
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4.  Nonclinical Pharmacology/Toxicology 
The following information is taken from the Pharmacology/Toxicology Review. 

4.1 Nonclinical Pharmacology 
 
In an in vitro competitive binding assay, glasdegib competed with a radiolabeled chemical 
ligand for SMO, a transmembrane protein in the Hh signaling pathway, at an IC50 of 7.7 nM.  
With regard to downstream effects, glasdegib inhibited Hh signaling via the Gli1 transcription 
factor with an IC50 of 5.2 nM in a cell-based reporter gene assay, and reduced Shh-stimulated 
Gli1 mRNA levels at 40 nM in normal human fibroblasts.  Glasdegib is considered a hedgehog 
pathway inhibitor.   
 
Glasdegib was studied in vivo in two AML xenotransplant murine models.  In the model using 
the AML-183 cells, AML cell counts were not reduced in mice given glasdegib alone, minimally 
reduced in mice given LDAC, and reduced by ~75% in mice given the combination of glasdegib 
and LDAC.  In the model using the AML009 cells, AML cell counts were not reduced in mice 
given glasdegib alone, and reduced by ~75% in mice given LDAC or the combination.   
 
Among the additional in vitro binding or cell-based functional assays of the activity of glasdegib 
for other receptors, enzymes, transporters and ion channels, glasdegib was antagonistic of the 
histamine H1 receptor (Kb 40 nM) and the adenosine A1 receptor (Kb550 nM).  Additionally, 
glasdegib demonstrated a concentration-dependent inhibition of the hERG current in vitro with 
an IC50 2.8 µM (1049 ng/mL). 
 
In safety pharmacology studies in rats, glasdegib had no substantial effect on respiratory 
parameters, and neurological parameters appeared to be affected only at toxic doses.  In the 
cardiovascular safety study in dogs, glasdegib induced QT prolongation in a dose-dependent 
manner.   

4.2 Nonclinical Toxicology   
 
Repeat-dose toxicology studies were conducted with durations of 1 month, 13 weeks and 26 
weeks in rats with doses up to 100 mg/kg/day, and with durations of 1 month, 13 weeks and 39 
weeks in dogs with doses up to 30 mg/kg/day.  The major target organs of toxicity in both 
species were the kidney, liver, skin and bone; the testis and peripheral nerves were also affected 
in rats, and the adrenals, gastrointestinal tract, lymph nodes and lungs in dogs. In rats, the effects 
of glasdegib on bone and teeth were characteristic of SMO inhibitors, including histological 
changes in epiphyses, decreased medullary trabeculae of femur and sternum bone sections with 
marrow hypercellularity, and missing or broken teeth.  Additional findings included alopecia and 
muscle tremors/twitching.  
 
Glasdegib was not mutagenic in vitro in the Ames test, and it was not clastogenic in vitro in a 
human chromosome aberration assay or in vivo in a rat bone marrow micronucleus test.  
Carcinogenicity studies were not conducted. 
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Testicular toxicity in rats at ≥ 50 mg/kg/day included degeneration of seminiferous tubules and 
hypospermatogenesis without recovery, suggesting that glasdegib has the potential to impair 
reproductive function in males. In embryo-fetal development studies using doses up to 100 
mg/kg/day, glasdegib induced embryo-fetal lethality in rats and rabbits at approximately 4-times 
and 0.6-times, respectively, the human exposure at the recommended dose based on unbound 
Cmax.  Additionally, glasdegib was teratogenic in rats at ≥ 10 mg/kg/day and in rabbits at ≥ 5 
mg/kg/day.  The Pharmacology/Toxicology Reviewer recommended that labeling include a 
boxed warning for embryo-fetal toxicity. 
 
Approval of the NDA was recommended by the Pharmacology/Toxicology review team. 

5.  Clinical Pharmacology 
The Applicant submitted 13 clinical studies with data applicable to the clinical pharmacology of 
glasdegib, including studies of mass balance, pharmacokinetics, bioavailability, bioequivalence, 
food effect, drug-drug interactions, QT effects, safety and efficacy (see Appendix 14.1).  The 
following information is taken from the Clinical Pharmacology Toxicology Review of these 
studies.  

5.1 Pharmacokinetics 
 
The pharmacokinetics evaluation showed: 

 
• Glasdegib is associated with dose-proportional glasdegib peak concentrations (Cmax) and 

area-under-the-curve over the dosing interval (AUCtau) over the range of 5 mg to 600 mg 
once daily (0.05 to 6 times the recommended dose).  

• Steady-state plasma levels are reached by 8 days of daily dosing. The median accumulation 
ratio of glasdegib ranged from 1.2 to 2.5 following once-daily dosing.   

• At 100 mg once daily, the geometric mean (geometric coefficient of variation, % CV) of 
glasdegib Cmax was 1252 ng/mL (44%) and AUCtau was 17210 ng*hr/mL (54%) in patients 
with cancer.  

• The mean absolute bioavailability of glasdegib is 77%. Following 100 mg once daily dosing, 
glasdegib median time to peak concentrations (Tmax) at steady-state ranged from 1.3 hours to 
4.1 hours. 

• A high-fat, high-calorie meal reduced area under the curve over time to infinity (AUCinf) by 
16% and Cmax by 31%.  

• Glasdegib is 91% bound to human plasma proteins in vitro. The geometric mean (% CV) 
apparent volume of distribution (Vz/F) was 188 L (20%) in patients with hematologic 
malignancies. 

• Glasdegib has a mean (± SD) half-life of 17.4 h (3.7 h) and geometric mean (% CV) apparent 
clearance of 6.45 L/h (25%) following 100 mg once daily dosing in patients with 
hematologic malignancies. 
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• Glasdegib is metabolized primarily by the CYP3A4 pathway, with minor contributions by 
CYP2C8 and UGT1A9. Glasdegib accounts for 69% of the total circulating drug related 
material in plasma.   

• Following a single oral dose of 100 mg radiolabeled glasdegib, 49% of the administered dose 
was eliminated in the urine (17% unchanged), and 42% was eliminated in the feces (20% 
unchanged).  

 
With regard to specific populations: 
 
• Age (25 to 92 years), sex, race (White, Black, Asian) and body weight (43.5 to 145.6 kg) did 

not have clinically meaningful effects on the pharmacokinetics of glasdegib.  
• Mild hepatic impairment (total bilirubin ≤ ULN and AST > ULN, or total bilirubin 1-1.5 x 

ULN and any AST) or mild to moderate renal impairment (creatinine clearance [CLcr] 30-89 
mL/min) did not have clinically meaningful effects on the pharmacokinetics of glasdegib. No 
dose adjustment is recommended for patients with mild hepatic impairment and mild to 
moderate renal impairment.  

• The effect of moderate (total bilirubin 1.5-3 x ULN and any AST) and severe (total bilirubin 
> 3X ULN and any AST) hepatic impairment or severe renal impairment (CLcr 15-29 
mL/min) on glasdegib pharmacokinetics is unknown.  Studies of the effects of moderate and 
severe hepatic impairment or severe renal impairment on glasdegib pharmacokinetics are 
recommended as postmarketing requirements.   

 
In vitro studies that addressed the potential for drug-drug interactions showed: 

 
• Glasdegib does not inhibit CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, or 

CYP3A, and does not induce CYP1A2, CYP2B6, and CYP3A in vitro. 
• Glasdegib is a substrate of P-glycoprotein (P-gp) and breast cancer resistance protein 

(BCRP). 
• Glasdegib inhibits P-gp, BCRP, multidrug and toxin extrusion (MATE) protein 1, and 

MATE-2K, but not organic anion transporting polypeptide (OATP)1B1, OATP1B3, organic 
anion transporter (OAT)1, OAT3, and organic cation transporter (OCT)2 in vitro. 

 
Clinical studies that addressed the potential for drug-drug interactions showed: 
 
• Coadminstration of ketoconazole (a strong inhibitor of CYP3A4) increased the glasdegib 

AUCinf by 2.4-fold and Cmax by 1.4-fold over glasdegib given alone. No dose adjustment is 
necessary with concomitant use of a strong CYP3A inhibitor, but labeling should indicate 
that more frequent monitoring for toxicities should occur with concurrent use of a strong 
CYP3A inhibitor.  

• Coadminstration of rifampin (a strong inducer of CYP3A4) decreased glasdegib AUCinf by 
70% and Cmax by 35%.  Labeling should indicate that coadministration of strong CYP3A 
inducers should be avoided. The effects of a moderate CYP3A4 inducer on glasdegib 
pharmacokinetics is unknown and is recommended as a postmarketing commitment.  
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Clinical Trials That Contributed to the Assessment of Efficacy in AML 
Trial Design Treatment Contribution 
B1371003 Phase 2 Randomized add-on G+LDAC vs LDAC Basis for efficacy 
B1371003 Phase 1 Combination dose-escalation G+LDAC Dose selection 
B1371005 Phase 1 Combination cohort 

Monotherapy dose-escalation 
G+LDAC 
Glasdegib alone 

Dose selection 
Need for combination 

B1371001 Phase 1 Monotherapy dose-escalation Glasdegib alone Need for combination 
Source: FDA analysis 
Abbreviations: G, glasdegib; LDAC, low-dose cytarabine 

 
There is one randomized trial, Study B1371003, that is the primary basis of efficacy.  FDA 
frequently requires multiple trials to establish efficacy.  At a Type B meeting on 7/24/2017, FDA 
indicated that the single randomized add-on trial with other supporting data might be sufficient 
for submission of a marketing application for the proposed indication, but approvability would 
be a review issue.   

7.2 Issues Related to Study B1371003 
 
Design 
 
The Phase 2 portion of Study B1371003 (NCT01546038) was a multicenter, randomized, open-
label trial.  Eligible patients were > 55 years old with newly-diagnosed AML or high-risk MDS 
and who fulfilled one of the following criteria: at least 75 years old, had severe cardiac disease 
(LVEF < 45%), had a baseline Eastern Cooperative Oncology Group (ECOG) performance 
status of 2, or had a baseline serum creatinine >1.3 mg/dL.  Patients were randomized 2:1 to 
receive glasdegib 100 mg daily days 1 to 28 with low-dose cytarabine (LDAC) 20 mg 
subcutaneously twice daily on days 1 to 10 of a 28-day cycle or LDAC alone in 28-day cycles 
until disease progression or unacceptable toxicity.  There was no planned crossover between 
arms. 
 
Randomization was stratified by cytogenetic risk (good/intermediate or poor).7 The primary 
efficacy endpoint was OS, defined as the time from randomization to death from any cause. A 
sample size of 132 subjects was calculated based on 92 OS events at the final analysis to 
demonstrate a hazard ratio of 0.625 (median OS 5 months for the control arm and 8 months for 
the combination arm) with 80% power at a 1-sided alpha of 0.1.  The efficacy population was all 
randomized patients.  The stratified log-rank test was used for the analysis of OS. 
 
The following issues were considered regarding the study design: 
 
• The Applicant based the recommended dose of glasdegib 100 mg with LDAC on tolerability 

of that dose in the combination dose-escalation cohorts, confirmation of modulation of 
hedgehog pathway signaling at that dose, adequate pharmacokinetics, and a safety margin to 
account for interactions with CYP3A4 inhibitors used commonly in the intended population.  

                                                 
7 Patients with inv(3), t(6;9), 11q23, -5, -5q, -7 or abnl (17p) complex karyotype were consider poor risk. Patients 
with none of the features were classified as having good/intermediate risk disease. 
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The Clinical Reviewer observed no dose-response relationship in the combination dose-
escalation studies, and the Clinical Pharmacology Reviewer reported no exposure-response 
relationship (Section 5.3 above). It was concluded that the glasdegib dose was justified 
adequately. 

 
• The add-on design of the Study B1371003 was appropriate to isolate the treatment effect 

of glasdegib, but the design was not sufficient to demonstrate the need for LDAC in the 
combination.  The Clinical Reviewer observed no dose-response relationship in the dose-
escalation studies of glasdegib monotherapy for treatment of AML, and reported that there 
was only a single CR among the 11 patients treated with glasdegib doses of 80-120 mg and 
no CRs in 15 patients treated with higher doses of glasdegib.  The results suggest that 
glasdegib has very little activity as monotherapy, and the combination is appropriate.  

 
• The Statistical Reviewer noted that the statistical analysis plan specified inferential testing 

based on a 1-sided alpha of 0.1, which is generally not accepted as evidence of efficacy.  
Due to this deficiency in the statistical analysis plan, the Statistical Reviewer chose to base 
conclusions on the more stringent 1-sided alpha of 0.025.  

 
Study Results 
 
There were 132 patients accrued and randomized (88 to the combination arm and 44 to the 
control arm).  The Applicant indicated that as of the data cut-off date (1/3/2017), there were 109 
OS events.  The Statistical Reviewer reported a one-sided p-value = 0.0004 for the log-rank test 
(HR 0.51; 95% CI 0.34, 0.77).  The study was positive using the more stringent alpha level.  
 
The following issues were considered regarding the primary study results: 
 
• Among the 132 randomized patients, the Clinical Reviewer identified 115 patients with 

AML, 16 patients with high-risk MDS, and 1 patient for whom a diagnosis could not be 
determined.  It was concluded that there were insufficient patients with MDS to establish 
efficacy for this disorder.  For further evaluations, the efficacy population was limited to the 
115 patients with confirmed AML.  The characteristics of the patients in this population are 
shown in the table below:   
 

B1371003 - Characteristic of the AML Efficacy Analysis Population 
 
Characteristics 

Glasdegib + LDAC 
(N=77) 

LDAC Alone 
(N=38) 

Age  
   Median (Min, Max) (Years) 
   ≥ 65 years  

 
77 years (64, 92) 

 76 (99)a 

 
76 years (58, 83) 

37 (97) 
Sex 
   Male 
   Female 

59 (77) 
18 (23) 

23 (61) 
15 (39) 

Race 
   White 
   Black or African American 
   Asian 

75 (97) 
1 (1) 
1 (1) 

38 (100) 
0 (0) 
0 (0) 
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B1371003 - Characteristic of the AML Efficacy Analysis Population 
 
Characteristics 

Glasdegib + LDAC 
(N=77) 

LDAC Alone 
(N=38) 

Age ≥75 years  47 (61) 23 (61) 
Severe Cardiac Disease 51 (66) 20 (53) 
ECOG PSb 2 41 (53) 18 (47) 
Baseline Creatinine > 1.3 mg/dL 15 (19) 5 (13) 
Baseline CrCL < 45 mL/min 8 (10) 3 (8)  
AML Type 
   De Novo AML 
   Secondary AML 

 
38 (49) 
39 (51) 

 
18 (47) 
20 (53) 

Cytogenetic Risk Status 
   Good/Intermediate 
   Poor 

48 (62) 
29 (38) 

21 (55) 
17 (45) 

Prior Hypomethylating Agent Use 11 (14) 6 (16) 
Source: Dr. Norsworthy’s Tables 10 and 11 
Abbreviations: CrCL creatinine clearance; LDAC, low-dose cytarabine; PS, performance status 
an (%) 
 

• The dose-intensities for glasdegib and LDAC were well-preserved in the combination arm.  
 

• As shown in the table above, the study accrued patients only age 58 years or older.  
 

• There were no patients with ECOG PS 3 or higher, creatinine clearance < 30 mL/min, or total 
bilirubin > 1.5X ULN at baseline.  Two patients had transaminases > 3X ULN.  Forty-one 
(36%) had pulmonary disease (excluding upper respiratory tract disorders) on medical 
history, but no grading was provided. There were no data on DLCO, FEV1 or LVEF 
collected systematically.   
 

• Overall, 85% of the patients were age > 75 years, had severe cardiovascular disease, or had 
transaminases > 3X ULN. 
 

• The Statistical Reviewer noted that there were imbalances between the study arms in key 
patient characteristics, including that the combination arm had a higher proportion of males, 
a higher proportion with severe cardiac disease, a higher proportion with 2 or more 
comorbidity criteria, and a lower proportion with poor or adverse risk disease features such 
as cytogenetics.    
 

• For 15 patients, there was a discrepancy in the cytogenetic risk used for stratification at 
randomization compared to the cytogenetic risk category reported on the case report forms.  

7.3 Issues Related to the Analysis of Efficacy 
 
The figure below shows the plot of the Kaplan-Meier estimates of OS for the AML Efficacy 
Analysis Population.  At the time of analysis, only 19% of patients were censored, and there 
were few patients censored before one year of follow-up. 
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B1371003 - Kaplan-Meier Plot of OS in the AML Efficacy Analysis Population 
 

Source: Dr. By’s Figure 10 
 
The detailed results of the primary analysis of OS and the analysis of CR are shown in the table 
below.  The analysis showed a significant difference in OS based on the more stringent p-value 
as determined by the Statistical Reviewer.   
 

B1371003 - Outcomes in the AML Efficacy Analysis Population 
 

Endpoint 
Glasdegib + LDAC 

(N=77) 
LDAC Alone 

(N=38) 

OS    
     Median survival, months  8.3 mos 4.3 mos 
     (95% CI) (4.4, 12.2) (1.9, 5.7) 
     Hazard ratio (95% CI) 0.46 (0.30, 0.71) 
     1-sided stratified p-value 0.0002 
CR   
    CR n (%)  14 (18.2%) 1 (2.6%) 
    (95% CI) (10.3, 28.6) (0.1, 13.8) 
    Difference (Exact 95% CI) -15.6% (-26.6%, -1.0%) 
Source: Dr. By’s Review Section 1 
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The following issues were considered regarding the efficacy analyses: 
 
• The Clinical Reviewer identified four investigators and 13 subinvestigators with disclosable 

financial conflicts of interest.  Exclusion of the study subjects at the affected sites from the 
analysis of the primary endpoint reportedly did not alter the results. 

 
• There were no substantial differences in the treatment effect across subgroups by age, 

gender, race, geographic region, renal function, performance status, or cardiac disease. The 
HR was similar for the 85% of the patients were age > 75 years, had severe cardiovascular 
disease, or had transaminases > 3X ULN. 

 
• Sensitivity analyses demonstrated that the treatment effect was robust when the analysis was 

adjusted for the imbalances in patient characteristics between arms.   
 
• Only one patient went on to transplantation on the combination arm and none on the control 

arm, so there is little chance for confounding by transplantation. 
 
• The difference between arms in CR rate is greater than 0, but since there was no plan to 

control for multiplicity, the analysis is considered exploratory and can be reported only 
descriptively. 

7.4 Efficacy Conclusions 
 
The Statistical Reviewer concluded that the data from Study B1371003 provided adequate 
evidence to support the claim that glasdegib + LDAC is efficacious and superior to LDAC 
alone with respect to OS in the overall population and in the subgroup of patients with AML.  
There was not sufficient data to establish effectiveness in the MDS subgroup, so that subgroup 
should be excluded from the intended population.  The characteristics of the accrued study 
participants are consistent with the parameters of age and comorbidity that FDA has accepted as 
defining a population for whom intensive chemotherapy may be precluded, and that should be 
clear in the indication statement, since there is no evidence that glasdegib + LDAC is superior to 
7+3 given with curative intent for those who can tolerate intensive chemotherapy.  Study 
B1371003 enrolled patients only 58 years of age or older, but there are no data suggesting that 
efficacy as seen in this study would not be applicable to younger patients with comorbidities that 
preclude use of intensive chemotherapy.  In summary, the data would support the indication: 
 
“in combination with low-dose cytarabine for the treatment of newly-diagnosed acute myeloid 
leukemia (AML) in adult patients who are > 75 years old or who have comorbidities that 
preclude use of intensive induction chemotherapy.” 
 
It should be noted that Study B1371003 accrued no patients with severe renal disease or with 
moderate-severe hepatic disease, so a survival benefit in such patients cannot be confirmed.  This 
warrants a Limitation of Use.   
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8.  Clinical - Safety 
The following information is taken largely from the Clinical Review. 

8.1 Safety Database 
 
Safety data were available for 469 individuals exposed to glasdegib in the 13 commercial clinical 
studies listed in Appendix 14.1.  The table below shows the breakdown of the numbers of 
patients studied by type of study.  
 

Safety Database - Sources of Data 

Clinical Trial Groups Glasdegib 
(N=469) 

LDAC 
(N=41) 

Controlled trials conducted for this indication1 84 41 
Uncontrolled trials conducted for this indication2 29 0 
Uncontrolled trials conducted for other malignant indications3 220 0 
Healthy volunteers4 136 0 
Source: Dr. Norsworthy’s Table 18 
1 Randomized Phase 2 Study B1371003 
2 Phase 1B Study B1371003 (glasdegib+LDAC arms), Study B1371005 (glasdegib+LDAC arm) 
3 Phase 1B Study B1371003 (glasdegib + 7+3 arms, glasdegib+decitabine arm), Study B1371005 (glasdegib 
monotherapy arms, glasdegib+ 7+3 arm), Studies B1371001, B1371002, B1371012, and B1371013 
4 Studies B1371009, B1371010, B1371014, B1371015, B1371022, B1371023, and B1371026 

 
The demographics and starting dose of glasdegib are shown in the table below. Most individuals 
in the safety database were treated with the recommended glasdegib dose.   
 

Safety Database - Demographics 
  Study B1371003 Pooled Safety 

Database 

(n=333) 

Healthy 
Volunteers 

(n=136) 
 Glasdegib+LDAC 

(n=84) 
LDAC 
(n=41) 

Sex     
     Female 18 (21%) 17 (41%) 113 (34%) 1 (1%) 
     Male 66 (79%) 24 (59%) 220 (66%) 135 (99%) 
Age (years)     
     Mean 76 75 68 37 
     Median 77 76 69 36 
     Min, Max 63, 92 58, 83 25, 92 19, 55 
Race     
     White 81 (96%) 41 (100%) 263 (79%) 55 (40%) 
     Asian 2 (2%) 0 42 (13%) 2 (1%) 
     Black 1 (1%) 0 16 (5%) 63 (46%) 
     Hispanic 0 0 11 (3%) 0 
     Native American  0 0 1 (0.3%) 1 (1%) 
     Unknown 0 0 0 15 (11%) 
Ethnicity     
     Unknown 41 (100%) 41 (100%) 275 (83%) 14 (10%) 
     Hispanic or Latino 0 0 0 19 (14%) 
     Neither 0 0 58 (17%) 103 (76%) 
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Safety Database - Demographics 
  Study B1371003 Pooled Safety 

Database 

(n=333) 

Healthy 
Volunteers 

(n=136) 
 Glasdegib+LDAC 

(n=84) 
LDAC 
(n=41) 

 
Glasdegib Starting Dose  

0 
84 
0 

 
 
0 
0 
0 

 
 33 (10%) 
241 (72%) 
 59 (18%) 

 
 

6 (4%) 
83 (60%) 
50 (36%) 

     5 - 80 mg 
     100 mg 
     120 - 640 mg 

Source: Dr. Norsworthy’s Tables 20 and 22 
 
Study B1371003 provided the main population for the detailed assessment of adverse reactions.  
The duration of treatment in the two arms is shown in the table below. 
 

Study B1371003 - Exposure 
 Median 

(range) 
0-3 

months 
>3 to 6 
months 

>6 to 12 
months 

> 12 
months 

Glasdegib + LDAC arm 
(n=84) 

2.7 
(0.1, 42.1) 

45 (54%) 7 (8%) 18 (21%) 14 (17%) 

LDAC arm  
(n=41) 

1.6 
(0.2, 7.9) 

29 (71%) 9 (22%) 3 (7%) 0 

Source: Dr. Norsworthy’s Table 19 
 
The Clinical Reviewer concluded that the size and composition of the safety database was 
adequate to identify and estimate the incidence of adverse reactions to glasdegib.  The duration 
of treatment appears adequate to assess adverse reactions over the length of time expected for 
treatment of the intended population.  Of note, in Study B1371003 there was a substantial 
imbalance between arms in the duration of treatment.  This will need to be taken into account for 
comparisons.  The recommendation is to limit comparisons to the first 90 days on treatment.   

8.2 Issues Related to Major Safety Events 
 
The incidences of major safety events are shown in the table below. 
 

Study B1371003 - Incidence of Major Safety Event 

Safety Event Glasdegib+LDAC 
(N=84) 

LDAC 
(N=41) 

Adverse reactions first 90 days 78 (93%) 33 (80%) 
Adverse reactions after 90 days 39 (46%) -- 
Gr ≥ 3 adverse reactions first 90 days 52 (62%) 25 (61%) 
Gr ≥ 3 adverse reactions after 90 days 22 (26%) -- 
Adverse reactions with discontinuation 15 (18%) 5 (12%) 
Serious adverse reactions 50 (60%) 18 (44%) 
Fatal adverse reactions 6 (7%) 5 (12%) 

30-day mortality2 5 (6%) 6 (15%) 

Source: Dr. Norsworthy’s Table 40 
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The issues considered closely included: 
 
• The Clinical Reviewer identified 6 fatal adverse reactions due to glasdegib (sudden death, 

cardiac arrest, MI, pneumonia, and unknown cause - one each).  Overall, however, the early 
mortality in the combination arm did not appear to be worse than that in the control arm. 

 
• The most common (≥5%) serious adverse reactions in the combination arm were febrile 

neutropenia (29%) pneumonia (23%), hemorrhage (12%), anemia (7%) and sepsis (7%).  
 
• The most common (≥2%) reasons for dose reductions due to adverse reactions were muscle 

spasms (5%), fatigue (4%), febrile neutropenia (4%), anemia (2%), thrombocytopenia (2%), 
and ECG QT prolonged (2%).  

 
• The most common (≥2%) reasons for permanent discontinuation were pneumonia (6%), 

febrile neutropenia (4%), sepsis (4%), sudden death (2%), myocardial infarction (2%), 
nausea (2%), and renal insufficiency (2%). 

 
The cardiac-related events, including fatal events, raised the greatest concern, especially 
considering the known effect of glasdegib on the QTc interval (see Sections 4.1 and 5.2).  Of the 
98 evaluable patients treated with glasdegib 100 mg in combination with LDAC, 5% were found 
to have a QTc interval greater than 500 ms and 4% of patients had an increase from baseline QTc 
greater than 60 ms.  The observed major cardiac-related safety events warrant a warning in 
labeling.  Of note, the clinical trial excluded patients with baseline QTc of greater than 470 ms or 
with a history of long QT syndrome or uncontrolled cardiovascular disease, and this should be 
clarified in labeling as well.    
 
Although there is no experience with use of glasdegib in the treatment of pregnant patients with 
AML, based on its mechanism of action and findings from animal embryo-fetal developmental 
toxicity studies (see Section 4.2), glasdegib would be expected to cause embryo-fetal death or 
severe birth defects when administered to a pregnant woman.  This also warrants a warning in 
labeling.  The requirement of a pregnancy registry was considered, but it was concluded that the 
risk of pregnancy in the intended population was too low to require such a burden.  To confirm 
that would be the case, however, enhanced pharmacovigilance will be requested for actual or 
suspected pregnancy and/or embryo-fetal exposures postmarketing.   

8.3 Issues Related to Common Adverse Reactions 
 
The table below shows the adverse reactions that occurred in the first 90 days in at least 10% of 
patients treated with glasdegib in Study B1371003. The most common adverse reactions 
(incidence ≥20%) are anemia, fatigue, hemorrhage, febrile neutropenia, musculoskeletal pain, 
nausea, edema, thrombocytopenia, dyspnea, decreased appetite, dysgeusia, mucositis, 
constipation, and rash.  Additional clinically-significant adverse reactions reported in less than 
10% of patients included dental disorders, alopecia, and QT prolongation.  Muscle spasms and 
decreased appetite were noted to worsen with prolonged therapy (> 90 days).  The safety profile 
is largely consistent with the known class effects for hedgehog inhibitors.  No additional issues 
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were noted in the review of adverse reactions in the pooled safety database (including patients 
with solid tumors) or in the healthy volunteers.  
 
Study B1371003 - Common Adverse Reactions in the First 90 Days 

 
 
Body System  

 
 

Adverse Reactionsa 

Glasdegib+LDAC 
(N=84) 

LDAC 
(N=41) 

All Grades 
% 

Grade ≥3 
% 

All Grades 
% 

Grade ≥3 
% 

Blood and lymphatic system 
disorder 

Anemia  
Hemorrhage 

Febrile neutropenia  
Thrombocytopenia  

43 
36 
31 
30 

41 
6 

31 
30 

42 
42 
22 
27 

37 
12 
22 
24 

General disorders and 
administration site 
conditions 

Fatigue 

Edema 

Mucositis 

Pyrexia 
Chest pain 

36 
30 
21 
18 
12 

14 
0 
1 
1 
1 

32 
20 
12 
22 
2 

7 
2 
0 
2 
0 

Musculoskeletal and 
connective tissue disorders 

Musculoskeletal pain 

Muscle spasm 
30 
15 

2 
0 

17 
5 

2 
0 

Gastrointestinal disorders Nausea  
Constipation 
Abdominal pain 

Diarrhea 

Vomiting 

29 
20 
19 
18 
18 

1 
1 
0 
4 
2 

12 
12 
12 
22 
10 

2 
0 
0 
0 
2 

Respiratory thoracic and 
mediastinal disorders 

Dyspnea 
Cough 

23 
18 

11 
0 

24 
15 

7 
2 

Metabolism and nutrition 
disorders 

Decrease appetite  21 1 7 2 

Nervous system disorders Dysgeusia 
Dizziness 
Headache 

21 
18 
12 

0 
1 
0 

2 
7 

10 

0 
0 
2 

Skin and subcutaneous tissue 
disorders 

Rash 20 2 7 2 

Infection and infestations Pneumonia 19 15 24 22 
Investigations Hyponatremia 

Platelet count decreased 
Weight decreased 
White blood cells decreased 

11 
15 
13 
11 

6 
16 
0 

11 

0 
10 
2 
5 

0 
10 
0 
2 

Cardiac disorders Atrial arrhythmia 13 4 7 2 

Renal and urinary disorders  Renal insufficiency 19 5 10 0 
Source: Dr. Norworthy’s Tables 33-35 
aIncludes grouped terms 
 
The table below shows selected laboratory abnormalities that occurred in the first 90 days in at 
least 15% of patients treated with glasdegib in Study B1371003.   
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Study B1371003 - Selected Laboratory Abnormalities in the First 90 Days 

 

 

Laboratory Abnormality 

Glasdegib+LDAC LDAC 

N All Grades 
% 

Grade 3 or 4* 
% N All Grades 

% 
Grade 3 or 4* 

% 

Creatinine increased 81 96 1 40 80 5 

Hyponatremia 81 54 7 39 41 8 

Hypomagnesemia 81 33 0 39 23 0 
AST increased 80 28 1 40 23 0 
Blood bilirubin increased 80 25 4 39 33 3 

ALT increased  80 24 0 40 28 3 

Alkaline phosphatase increased 80 23 0 40 28 3 

Hyperkalemia 81 16 1 40 8 3 

CPK increased 38 16 0 17 6 0 

Hypokalemia 81 15 0 40 23 0 

Source: Dr. Norsworthy’s review 

 
Most laboratory abnormalities occurred within the first 2 months on therapy, but there appeared 
to be a cumulative effect on magnesium, creatinine, aspartate transaminase and creatine kinase as 
shown in the figure below.  
 
 
Study B1371003 - Selected Laboratory Abnormalities Over Time 
Red line is glasdegib + LDAC; blue line is LDAC alone. 
Magnesium Creatinine 
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Study B1371003 - Selected Laboratory Abnormalities Over Time 
 
AST 

 
CPK 

  
Source: Dr. Norsworthy’s Figures 11, 14, 16 and 24 
 

8.4 Safety Conclusions 
 
The Clinical Reviewer concluded that the level of toxicity observed with the combination of 
glasdegib + LDAC is acceptable for the clinical benefit observed and recommended approval. 
The laboratory abnormalities appeared to reflect renal injury, hyponatremia, hepatic injury and 
muscle injury, but most cases were low-grade.  To ensure that toxicity is limited postmarketing, 
labeling should include recommended monitoring for key laboratory abnormalities. 
 

9.  Advisory Committee Meeting  
This application was not discussed by an Advisory Committee.  
 

10. Pediatrics 
Glasdegib has Orphan Designation for the treatment of AML and is therefore exempt from the 
requirement for pediatric studies under the Pediatric Research Equity Act (PREA). There are no 
data regarding the use of glasdegib in children.  Given the known class-related dental and bone 
abnormalities expected with use of glasdegib in children (see Section 4.2), Section 8.4 labeling 
should be clear about these risks.   
 

11. Other Relevant Regulatory Issues  
 
Study B1371003 was conducted at 21 centers in the US and 27 centers outside of the US.  The 
highest enrollment at an individual site was 8 patients.  A review of efficacy across clinical sites 
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did not reveal that any one site that could skew the efficacy results; no inspections at clinical 
sites were conducted.  The Applicant’s records were audited by the Office of Scientific 
Investigations in June, 2018.  A Form FDA 483 was issued due to failure to ensure proper 
monitoring of the study and ensure that the study was conducted according to the investigational 
plan. The specific issue regarded failure to ensure compliance of investigators with requirements 
for reporting serious adverse reactions.  The Applicant implemented a corrective action plan and 
resolved the issues within this review cycle.  It was confirmed the safety data as updated were 
complete and adequate for the review. 
 

12. Labeling 

12.1 Prescribing Information 
   
Summary of Significant Labeling Changes  

Section Recommended Revision 

1  limit the intended population to those > 75 
years old or with comorbidities that preclude use of intensive chemotherapy.  Add a 
limitation of use to address the uncertainty regarding patients with renal or hepatic 
impairment  

2 Add instructions for concurrent use of LDAC, minimal duration of treatment to 
capture late responses, safety monitoring recommendations, and dose modifications 
for toxicity 

5.2 Correct the text regarding the risk of QT prolongation to include the experience in 
patients treated at the recommended dose.  

6 Limit the display of adverse reactions to the first 90 days of study where LDAC 
exposure is comparable in both arms, and update the results using grouped terms, 
and add a description of the dental, bone and skin adverse reactions.  

7 Include recommendation to avoid concomitant use of QT-prolonging drugs. Include 
a table for drug interactions with DAURISMO and strong CYP3A modulators and 
QT-prolonging drugs, instead of the proposed text. 

12.2 Include that glasdegib shows concentration-dependent QT prolongation, and 
describe the results of the thorough QT study,  

12.3 Update the format and content to be consistent with the current labeling guidance.  

14 Limit the clinical trial description and results to the subgroup with AML.  
 

17 Add patient counseling advising against blood or blood product donation or semen 
donation.  
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13. Postmarketing Recommendations 

13.1 Risk Evaluation and Management Strategies (REMS) 
 
It was concluded that a REMS is not needed to ensure that the benefits of glasdegib outweigh its 
risks in the intended population. Healthcare providers who will prescribe and administer 
glasdegib are likely to be able to monitor for and manage the glasdegib-related adverse reactions 
without additional risk mitigation measures beyond labeling, which includes a Medication 
Guide. 

13.2 Postmarketing Requirements (PMRs) and Commitments (PMCs) 
 
PMR-1 
Conduct a clinical pharmacokinetic trial to determine an appropriate dose of DAURISMO to 
minimize toxicity in patients with moderate and severe hepatic impairment. Design and conduct 
the trial in accordance with the FDA Guidance for Industry entitled, “Pharmacokinetics in 
Patients with Impaired Hepatic Function: Study Design, Data Analysis, and Impact on Dosing 
and Labeling.” 
 
PMR-2 
Complete a clinical pharmacokinetic trial to determine an appropriate dose of DAURISMO to 
minimize toxicity in patients with severe renal impairment. Design and conduct the trial in 
accordance with the draft FDA Guidance for Industry entitled, “Pharmacokinetics in Patients 
with Impaired Renal Function: Study Design, Data Analysis, and Impact on Dosing and 
Labeling.” 
 
PMC-1 
Use a physiologically-based pharmacokinetic (PBPK) modeling approach to determine an 
appropriate dose of DAURISMO when co-administered with moderate CYP3A inducers. 
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15. Division Director 
 
 
 
 
Albert Deisseroth, MD, PhD 
Supervisory Associate Division Director  
Division of Hematology Products (DHP)  
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16. Office Director 
 
This application was reviewed under the auspices of the Oncology Center of Excellence (OCE) 
per the OCE Intercenter Agreement. The risk-benefit of glasdegib was also assessed by 
Drs. Przepiorka and Norsworthy, and I concur with their recommendation to approve this drug. 
My signature below also represents an approval recommendation for the clinical portion of this 
application under CDER. 
 
 
 
Richard Pazdur, MD 
Director  
Office of Hematology and Oncology Products (OHOP) 
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