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Abstract

This phase I open-label trial (NCT03627754) assessed glasdegib pharmacokinetics and safety in otherwise healthy partic-
ipants with moderate (Child-Pugh B) or severe (Child-Pugh C) hepatic impairment. Participants with hepatic impairment
and age/weight-matched controls with normal hepatic function received a single oral 100-mg glasdegib dose under
fasted conditions. The primary end points were area under the plasma concentration–time curve from time zero to in-
finity (AUCinf) and maximum plasma concentration (Cmax). Twenty-four participants (8/cohort) were enrolled.Glasdegib
plasma exposures in moderate hepatic impairment were similar to controls,with adjusted geometric mean ratios (GMRs)
of 110.8% (90% confidence interval [CI], 78.0–157.3) for AUCinf and 94.8% (69.9–128.4) for Cmax versus controls. In se-
vere hepatic impairment, glasdegib plasma exposures were lower than controls (AUCinf GMR, 75.7%; 90%CI, 51.5–111.0;
Cmax GMR, 58.0%; 90%CI, 37.8–89.0). Unbound glasdegib exposures were similar to controls for moderate (AUCinf,u

GMR, 118.1%; 90%CI, 88.7–157.2; Cmax,u GMR, 101.1%; 90%CI, 78.4–130.3) and severe hepatic impairment (AUCinf,u

GMR, 116.3%; 90%CI 81.8–165.5; Cmax,u GMR, 89.2%, 90%CI, 60.2–132.3). No treatment-related adverse events or clin-
ically significant changes in laboratory values, vital signs, or electrocardiograms were observed. Together with previous
findings, this suggests glasdegib dose modifications are not required based on hepatic impairment.
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Acute myeloid leukemia (AML) is a rare type of cancer
in which the bone marrow produces too many mono-
cytes or granulocytes.1 If untreated, AML usually pro-
gresses rapidly and has a very poor prognosis. Despite
development in treatment options, the overall 5-year
survival rate for adults in the United States is approxi-
mately 25%.2 Outcomes remain very poor in those who
are unsuitable for intensive chemotherapy because of
their age or comorbidities, and unfortunately, AML oc-
curs more commonly in older people.1

Various avenues into potential treatments for AML
have developed from research into signaling pathways
that control cell proliferation. The Hedgehog signal-
ing pathway links the cell membrane to the nucleus,
and pathway activation is essential for normal embry-
onic development.3 In adults, the pathway is normally
tightly regulated, but has been implicated in a number

of cancers including solid tumors and leukemias.3 Glas-
degib is a potent, small-molecule, selective inhibitor of
the Hedgehog signaling pathway.4
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In the United States, glasdegib (100 mg orally once
daily) is currently approved for use in combination
with low-dose cytarabine for adults with newly diag-
nosed AML aged ≥75 years or who have comorbidities
precluding intensive induction chemotherapy.5 Glas-
degib is also being studied in combination with
azacitidine, or in combination with intensive induc-
tion chemotherapy in patients with newly diagnosed
AML,6,7 as well as in other types of cancer.8

Studies of the pharmacokinetic profile of glas-
degib have demonstrated linear dose-proportional
pharmacokinetics (PK).9 Multiple clinical evaluations
have been conducted to understand the absorption,
distribution, metabolism, and excretion (ADME) of
glasdegib in healthy trial participants and patients with
cancer. Results from these evaluations indicate that the
mean half-life of glasdegib is 17.4 hours at the clinical
dose of 100 mg once daily, and it is moderately to
highly bound to plasma proteins, with <10% unbound
in plasma.10 The results of the radiolabeled human
ADME study showed that glasdegib was primarily
cleared through oxidative metabolism with hepatic
metabolism as the main clearance pathway; hydrox-
ylation, N-desmethylation, and N-glucuronidation
are the primary metabolic pathways before the sec-
ondary oxidation and glucuronidation processes start.
The ADME study also found that cytochrome P450
(CYP) 3A4/5 was the major enzyme in glasdegib bio-
transformation in human hepatocytes using reaction
phenotyping experiments.10 Additional studies on
drug-drug interactions showed that compared with
glasdegib administered alone, the glasdegib area un-
der the plasma concentration–time curve from time
zero to infinity (AUCinf ) increased by 2.4-fold and
the maximum plasma concentration (Cmax) increased
by 1.4-fold when ketoconazole (a strong inhibitor of
CYP3A4) was coadministered with glasdegib,11 while
the glasdegib AUCinf decreased by approximately 70%
and Cmax by 35% when rifampin (a strong inducer
of CYP3A4) was coadministered with glasdegib.12

Further, it was found that food with high calories
and high content of fat or concurrent proton pump
inhibitor treatment (rabeprazole) had a minimal effect
on glasdegib exposure that was not clinically relevant.13

Evaluation of the impact of hepatic impairment on
anticancer drugs such as glasdegib is essential, since
hepatic impairment is a common comorbidity.14 To
some extent, the impact of hepatic impairment has
been assessed using population pharmacokinetic anal-
ysis of data from patients in clinical trials.15 The results
demonstrated that baseline hepatic function was not a
statistically significant covariate for explaining varia-
tion in glasdegib PK.15 However, most patients in this
analysis had normal hepatic function or mild hepatic
impairment; therefore, while it could be concluded that

mild hepatic impairment had no clinically meaningful
effects on the PK of glasdegib, there was limited in-
formation for patients with moderate or severe hepatic
impairment. To determine whether dose modifications
are required for these groups, the current clinical trial
specifically enrolled participants with moderate or
severe hepatic impairment and investigated the effect
on the PK and safety of glasdegib after a single oral
100-mg dose.

Methods
Overview and Ethics
This open-label, parallel-group, phase I trial enrolled
participants with normal hepatic function, moderate
hepatic impairment, or severe hepatic impairment.
Impaired hepatic function was defined according to the
modified Child-Pugh classification, as recommended
for pharmacokinetic evaluation.16,17 The study was
conducted in compliance with the general principles
of the Declaration of Helsinki and all International
Council for Harmonisation Good Clinical Practice
Guidelines. The Institutional Review Board at Or-
lando Clinical Research Center (Orlando, Florida) and
Investigational Drug Services, University of Miami,
Hospitals and Clinics, Research Pharmacy (Miami,
Florida) reviewed and approved the trial protocol.
All participants provided written informed consent
before the study was started. The study was registered
at ClinicalTrials.gov (NCT03627754) before the first
participant was enrolled.

Participants
The study enrolled participants aged 18–75 years with
body weight >50 kg and body mass index of 17.5–
40 kg/m2. Men and women were eligible, excluding
women with childbearing potential. Participants were
categorized into 1 of 3 cohorts: normal hepatic func-
tion, moderate hepatic impairment (Child-Pugh class
B, score 7-9), or severe hepatic impairment (Child-Pugh
class C, score 10-15). Participants in cohorts with im-
paired hepatic function (either severe ormoderate) were
enrolled first. Subsequently, participants with normal
hepatic function were matched to the median values of
the pooled hepatic impairment cohorts for age (within
±5 years) and weight (within ±10 kg).

For the normal hepatic function cohort, participants
had to have no known or suspected hepatic impairment
according to medical history or laboratory values. They
also had to be otherwise healthy, with no clinically rele-
vant abnormalities found on a detailed medical history
evaluation, physical examination, electrocardiogram
(ECG), or laboratory values. For the impaired hepatic
function cohorts, participants were eligible if they
had hepatic impairment that was clinically stable for
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30 days before the study and met the modified Child-
Pugh classification criteria class B or C.18 They were
required to have a diagnosis of hepatic dysfunction due
to hepatocellular disease (and not secondary to any
acute ongoing hepatocellular process) documented by
medical history, physical examination, liver biopsy, or
imaging (ultrasound, computed tomography scan, or
magnetic resonance imaging).

For all participants, exclusion criteria included
standard criteria for pharmacokinetic studies, such
as conditions affecting drug absorption (eg, gastrec-
tomy). In addition, participants were excluded from the
normal hepatic function cohort if they had a history
of regular alcohol consumption (>7 drinks/week for
women or >14 drinks/week for men) within 6 months
of screening; QT interval corrected for heart rate us-
ing Fridericia’s formula >450 milliseconds or a QRS
interval >120 milliseconds on screening ECG; use
of prescription or nonprescription drugs or dietary
supplements within 7 days or 5 half-lives (whichever
was longer) before the glasdegib dose, except ac-
etaminophen/paracetamol at doses of ≤1 g/day; or a
history of or current positive results for hepatitis B or
hepatitis C.

Participants were excluded from the hepatic impair-
ment cohorts if they had any other clinically significant
disease that contraindicated glasdegib or that may
have affected glasdegib PK; hepatic carcinoma and
hepatorenal syndrome or life expectancy <1 year; had
undergone portacaval shunt surgery (except partici-
pants with a transjugular intrahepatic portosystemic
shunt who met the Child-Pugh criteria); history of
gastrointestinal hemorrhage either due to esophageal
varices or peptic ulcers <1 month before study entry;
or clinically significant laboratory abnormalities except
for parameters influenced by hepatic impairment (in-
cluding glomerular filtration rate <75 mL/min/1.73 m2

estimated by the Modification of Diet in Renal Disease
equation); presence of clinically active stage 3 or 4 en-
cephalopathy; severe uncontrolled ascites and/or pleu-
ral effusion; screening blood pressure ≥160 mm Hg for
systolic or ≥90 mmHg diastolic; QT interval corrected
for heart rate using Fridericia’s formula >470 mil-
liseconds or a QRS interval >120 milliseconds on
screening ECG; or congenital long QT syndrome,
medical history of torsades de pointes, or clinically
significant ventricular arrhythmias. Participants were
also excluded from the hepatic impairment cohorts if
they had taken prescription or nonprescription drugs,
dietary supplements, or food that may affect the PK of
glasdegib within 7 days or 5 half-lives (whichever was
longer) before the glasdegib dose, with the exception of
medications that were not believed to affect participant
safety and were medically necessary for the partici-
pant’s hepatic disease or other comorbid conditions.

In particular, participants were excluded if they had
use of proton pump inhibitors within 5 days before the
glasdegib dose, strong or moderate CYP3A4 inhibitors
within 7 days or 5 half-lives (whichever was longer) be-
fore the glasdegib dose, or strong or moderate CYP3A4
inducers within 12 days or 5 half-lives (whichever was
longer) before the glasdegib dose. In addition, partici-
pants were excluded if they tookmedications that could
have resulted in diarrhea or had >2 bowel movements
within ±12 hours of the glasdegib dose.

Trial Design
The study was conducted at 2 clinical research centers
in the United States. Participants attended a screening
visit to assess inclusion and exclusion criteria within
28 days before the study start on day 1. All partic-
ipants were admitted the day before the glasdegib
dose (day −1) and confined to the center during the
study. Participants in both hepatic impairment cohorts
completed safety assessments, including liver function
assessments and evaluation of renal function within
24 hours before their glasdegib dosing; these assess-
ments were not required for the cohort with normal
hepatic function. On the morning of day 1, following
an overnight fast of ≥10 hours, participants were
administered a single oral dose of glasdegib 100 mg
(tablet formulation) with approximately 240 mL of
water. No food or drinks except water were allowed
for 4 hours after dosing. Participants remained at the
center until completion of pharmacokinetic sampling
and safety assessments on the morning of day 6. A
follow-up assessment was conducted by telephone 28
to 35 days after day 1.

Bioanalytical Methods
Blood samples to measure total (bound and unbound)
glasdegib (2 mL to provide approximately 1 mL of
plasma) were drawn before dosing and 1, 2, 3, 4, 6, 8,
12, 24, 48, 72, 96, and 120 hours after dosing. Plasma
concentrations of total glasdegib were determined us-
ing a validated, sensitive, and specific high-performance
liquid chromatography–tandem mass spectrometric
method at Covance Bioanalytical Services (Shanghai,
China).13 The established limit of stability for samples
stored at −70°C was 575 days, and all samples were
analyzed within this time frame (maximum, 149 days).
Deuterated glasdegib (glasdegib-d4) was used as the
internal standard, and liquid-liquid extraction was
carried out with ethyl acetate. The column used for
high-performance liquid chromatography was Zorbax
XDB-C18 (50 × 2.1 mm, 5 μm; Agilent Technologies,
Santa Clara, California) with 0.1% formic acid in water
as mobile phase A and 0.1% formic acid in acetonitrile
as mobile phase B. The instrument for tandem mass
spectrometry was Sciex API 4000 (Applied Biosystems,
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Foster City, California) set in multiple reaction moni-
toring mode. Voltage of positive ion electrospray (Ion-
Spray) was 3000 V, and the temperature was 550°C. The
m/z monitored for glasdegib and the internal standard
was 375 → 257 and 379 → 257, respectively.13 The
lower limit of quantification (LLQ) for glasdegib was
3.00 ng/mL, and calibration standard responses were
linear over the range of 3 ng/mL to 3000 ng/mL, using
a weighted (1/concentration2) linear regression. For
quality control samples at low, middle, and high values
(9, 100, and 2250 ng/mL, respectively), interassay ac-
curacy (percent relative error) ranged from −2.0% to
3.0%, and interassay precision (percent coefficient of
variation [%CV]) was ≤6.3% across samples.

Separate blood samples to measure unbound glas-
degib (10 mL to provide approximately 4 mL of
plasma) were drawn before dosing and at 1, 2, and
4 hours after dosing. The mean unbound fraction
(fu) at these time points was multiplied by each time
point across each participant’s profile. Samples un-
derwent equilibrium dialysis with phosphate-buffered
saline (PBS). The equilibriumdialysis was carried out in
an HTDialysis Device (HTDialysis LLC, Gales Ferry,
Connecticut) with the molecular weight at 12,000 to
14,000Da. PBSwas used to dialyze humanplasma sam-
ples containing dipotassium ethylenediaminetetraac-
etate. Positive control was sertraline spiked into plasma
(containing dipotassium ethylenediaminetetraacetate)
at 300 ng/mL. Glasdegib 100 ng/mL in human plasma
was used as quality control of dialysis. The time to
reach equilibrium was 6 hours. After reaching equi-
librium, dialyzed plasma and dialyzed PBS were di-
luted with nondialyzed PBS and nondialyzed plasma,
respectively, to generate plasma PBSmixedmatrix sam-
ples (volume ratio of plasma to PBS, 10:40). Unbound
glasdegib concentrations were determined using a val-
idated, sensitive, and specific high-performance liquid
chromatography–tandem mass spectrometric method
at Covance Bioanalytical Services (Shanghai, China)
as described above. For this assay measuring unbound
plasma glasdegib, calibration standard responses were
linear over the range of 1 ng/mL to 1000 ng/mL, using a
weighted (1/concentration2) linear regression. The LLQ
for glasdegib was 1 ng/mL. For low, low-middle, mid-
dle, and high quality control samples (3, 40, 400, and
800 ng/mL, respectively), interassay accuracy (percent
relative error) ranged from −2.3% to 7.3%, and interas-
say precision (%CV) was ≤6.4% across samples.

Sample Size
A sample size of 24 participants was considered ade-
quate to determine any clinically meaningful impact of
hepatic impairment on glasdegib PK, consistent with
the United States Food and Drug Administration guid-
ance for pharmacokinetic studies in participants with

hepatic impairment.15 Populations for analyses were
prespecified as follows: pharmacokinetic concentration
analyses included all participants who received the
glasdegib dose and had ≥1 measurement of glasdegib
concentration; pharmacokinetic parameter analyses
included all participants who had ≥1 available result
for a primary end point; and safety analyses included
all participants who received the glasdegib dose.

Pharmacokinetic and Statistical Analyses
Glasdegib pharmacokinetic parameters were calcu-
lated using non-compartmental analysis of plasma
concentration–time data for each participant in each
cohort. Pfizer proprietary software (eNCA version
2.2.4) was used for calculations. Actual sample collec-
tion times were used, and samples below the LLQ were
set to zero for the pharmacokinetic analysis.

The primary end points were total plasma glasdegib
AUCinf and the Cmax of glasdegib. AUCinf was cal-
culated with the formula AUClast + (Clast/kel), where
Clast is the predicted plasma concentration at the last
quantifiable time point estimated from the log-linear
regression analysis, and kel is the terminal-phase rate
constant calculated by a linear regression of the log-
linear concentration–time curve. For Cmax, the ob-
served value was used. Other pharmacokinetic end
points were AUC from time zero to the time of
the last quantifiable concentration (AUClast), apparent
oral clearance (CL/F), terminal half-life, and time to
Cmax. All AUCs were calculated using the linear/log
trapezoidal method. For unbound glasdegib, AUCinf,u,
AUClast,u, and Cmax,u were calculated by multiplying fu
by the corresponding total glasdegib values.

A one-way analysis of variance model was used
to compare the natural log-transformed glasdegib pri-
mary end points AUCinf and Cmax (and corresponding
unbound parameters) as well as AUClast and AUClast,u

for each of the hepatic impairment cohorts (Test) with
the normal hepatic function cohort (Reference). The
model used the unequal variance assumption and hep-
atic impairment group as a fixed effect. Estimates of the
adjusted mean differences (Test minus Reference) and
corresponding 90% confidence intervals (CIs) were ob-
tained from the model. The adjusted mean differences
and 90%CIs were exponentiated to provide estimates of
the ratio of adjusted geometric means (Test/Reference)
and 90%CIs for the ratios. Analyses were performed
using SAS version 9.4 (SAS Institute, Cary, North
Carolina). Other pharmacokinetic end points were
summarized descriptively for each impairment group.

Safety
Safety was assessed throughout the study by moni-
toring adverse events (AEs), laboratory values, phys-
ical examination, vital signs, ECGs, and concomitant
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Table 1. Participant Characteristics

Severe Hepatic
Impairment (n = 8)

Moderate Hepatic
Impairment (n = 8)

Normal Hepatic
Function (n = 8)

Gender
Female, n (%) 2 (25.0) 2 (25.0) 2 (25.0)

Age, y
Range 50–68 53–72 58–67
Mean ± SD 61.6 ± 7.0 62.9 ± 6.9 62.6 ± 3.6
≥65, n (%) 4 (50.0) 3 (37.5) 4 (50.0)

Weight, kg
Range 74–121 71–119 84–96
Mean ± SD 94.7 ± 14.1 95.2 ± 17.9 88.6 ± 4.3

Race, n (%)
White 8 (100.0) 7 (87.5) 8 (100.0)
Black or African
American

0 1 (12.5) 0

Ethnicity, n (%)
Hispanic or Latino 4 (50.0) 4 (50.0) 5 (62.5)
Not Hispanic or Latino 4 (50.0) 2 (25.0) 3 (37.5)
Not reported 0 2 (25.0) 0

SD, standard deviation.
Ranges are minimum to maximum.

medication. An AE was defined as treatment emergent
if onset was after the glasdegib dose until the follow-up
assessment, or if severity increased in this time frame.
The Medical Dictionary for Regulatory Activities ver-
sion 22.0 coding was applied. Safety end points were
analyzed descriptively. For any assessment of changes
from baseline values, baseline was defined as the last
predose measurement.

Results
Participants
Between November 2018 and March 2019, 24 partici-
pants were enrolled (8 participants in each hepatic func-
tion cohort). All participants received the study drug
dose, completed the study, andwere included in all anal-
yses.

Participant characteristics are shown in Table 1.
Characteristics were well balanced between the groups,
with body weight and age within defined ranges for
matching. The most frequently used concomitant med-
ication was furosemide, which was used by all partici-
pants with impaired hepatic function.

Pharmacokinetics
Total Plasma Glasdegib. Concentration–time profiles

of total plasma glasdegib for the 3 cohorts are shown
in Figure 1. Following glasdegib administration, Cmax

was reached between 1 and 4 hours for all participants
(Table 2). Total glasdegib plasma exposures for the
moderate hepatic impairment cohort were similar to

those observed for the normal hepatic function cohort
(Table 3). Adjusted geometric mean ratios (GMR) were
110.8% (90%CI, 78.0–157.3) for AUCinf and 94.8%
(90%CI, 69.9–128.4) for Cmax. Total plasma glasdegib
exposure for the severe hepatic impairment cohort was
lower than for the normal hepatic function cohort
(Table 3), with a 24% reduction in AUCinf (adjusted
GMR, 75.7%; 90%CI, 51.5–111.0) and a 42% reduction
in Cmax (adjusted GMR, 58.0%; 90%CI, 37.8–89.0).

Individual and geometric mean AUCinf and Cmax

values for total plasma glasdegib are shown in
Figure 2. Between-participant variability in plasma ex-
posurewithin a cohortwasmoderate to high, with%CV
values for the geometricmean ranging from 31% to 49%
for AUCinf and from 26% to 59% for Cmax (Table 2).

All hepatic function groups had comparable mean
terminal half-life values, which ranged between 18.4
and 20.7 hours (Table 2). Participants with severe hep-
atic impairment showed a slight increase in CL/F versus
normal hepatic function; this increase was not seen in
those with moderate hepatic impairment.
Unbound Plasma Glasdegib. Unbound plasma glas-

degib concentration–time profiles for the 3 cohorts are
shown in Figure 3. In the cohort with normal hepatic
function, the glasdegib fu in plasma was 0.08 (Table 2).
The moderate hepatic impairment group also had an
fu value of 0.08, while the severe hepatic impairment
group had an fu of 0.12.

No marked differences were observed in geometric
mean AUCinf,u or Cmax,u for the moderate or se-
vere hepatic impairment groups compared with the
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Figure 1. Plasma concentration–time profiles for total glasdegib. Concentration values below the lower limit of quantification
(3 ng/mL) were set to zero.

control group (ie, the normal hepatic function group)
(Table 2). Individual values for AUCinf,u or Cmax,u

showed variability, but overlapped between groups
(Figure 2). In the statistical comparison, unbound
glasdegib exposures were similar to those of controls
(Table 3). Relative to participants with normal hepatic

function, the adjusted GMR of the unbound AUCinf,u

was 118.1% (90%CI, 88.7–157.2) in participants with
moderate hepatic impairment and 116.3% (90%CI,
81.8–165.5) in participants with severe hepatic im-
pairment; the adjusted GMR of the peak unbound
glasdegib exposure (Cmax,u) was 101.1% (90%CI,
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Table 2. Pharmacokinetic Parameters

Severe Hepatic
Impairment (n = 8)

Moderate Hepatic
Impairment (n = 8)

Normal Hepatic
Function (n = 8)

Total glasdegib
AUCinf, ng·h/mL Arithmetic mean ± SD 8658 ± 3132 12340 ± 3498 11870 ± 6096

Geometric mean (%CV) 8114 (42) 11880 (31) 10730 (49)
AUClast, ng·h/mL Arithmetic mean ± SD 8479 ± 3099 12200 ± 3464 11760 ± 6077

Geometric mean (%CV) 7935 (42) 11750 (31) 10620 (50)
Cmax, ng/mL Arithmetic mean ± SD 612.0 ± 342.8 899.8 ± 215.7 989.9 ± 373.1

Geometric mean (%CV) 536.3 (59) 875.9 (26) 924.4 (43)
tmax, h Median (range) 1.0 (1.0–4.0) 2.5 (1.0–4.0) 1.5 (1.0–3.0)
t1/2 , h Arithmetic mean ± SD 20.7 ± 3.5 18.4 ± 3.5 18.7 ± 1.8
CL/F, L/h Arithmetic mean ± SD 13.3 ± 5.8 8.8 ± 2.8 10.2 ± 4.3

Geometric mean (%CV) 12.3 (42) 8.4 (31) 9.3 (49)
Unbound glasdegib
AUCinf,u, ng·h/mL Arithmetic mean ± SD 1060 ± 384 1036 ± 286 889 ± 303

Geometric mean (%CV) 982.9 (47) 997.5 (31) 844.9 (35)
AUClast,u, ng·h/mL Arithmetic mean ± SD 1039 ± 379 1023 ± 278 878.9 ± 301

Geometric mean (%CV) 962.0 (47) 985.3 (31) 834.8 (36)
Cmax,u, ng/mL Arithmetic mean ± SD 73.3 ± 36.8 75.8 ± 19.2 75.5 ± 19.1

Geometric mean (%CV) 65.0 (58) 73.6 (27) 72.8 (31)
CLu/F, L/h Arithmetic mean ± SD 111.9 ± 58.1 104.6 ± 34.6 124.7 ± 43.5

Geometric mean (%CV) 101.6 (47) 100.2 (31) 118.4 (35)
fu Arithmetic mean ± SD 0.12 ± 0.02 0.08 ± 0.006 0.08 ± 0.01

Geometric mean (%CV) 0.12 (15) 0.08 (7) 0.08 (16)

AUC, area under the plasma concentration–time curve; AUClast, AUC from time zero to the time of the last quantifiable concentration;
AUCinf, AUC from time zero to infinity; CL/F, apparent clearance of total drug from plasma; Cmax, maximum plasma concentration; CV, coefficient
of variation; fu, fraction of unbound drug in plasma; SD, standard deviation; t1/2 , half-life; Tmax, time to Cmax; u, unbound.

Table 3. Pharmacokinetics of Total and Unbound Glasdegib: Statistical Comparison

GMR (90%CI) Versus Normal Hepatic Function

Severe Hepatic
Impairment

Moderate Hepatic
Impairment

Total glasdegib
AUCinf, ng·h/mL 75.7% (51.5–111.0) 110.8% (78.0–157.3)
Cmax, ng/mL 58.0% (37.8–89.0) 94.8% (69.9–128.4)

Unbound glasdegib
AUCinf,u, ng·h/mL 116.3% (81.8–165.5) 118.1% (88.7–157.2)
Cmax,u, ng/mL 89.2% (60.2–132.3) 101.1% (78.4–130.3)

ANOVA, analysis of variance; AUC, area under the plasma concentration–time curve; AUCinf, AUC from time zero to infinity; CI, confidence interval;
Cmax, maximum plasma concentration; GMR, geometric mean ratio; u, unbound.
GMR of hepatic impairment cohort (Test) to the normal hepatic function cohort (Reference) based on adjusted geometric means, calculated using
ANOVA as described in the text.

78.4–130.3) for the moderate hepatic impairment co-
hort and 89.2% (90%CI, 60.2–132.3) for the severe hep-
atic impairment cohort. Similar values for CLu/F were
observed across all hepatic function groups (Table 2).

Safety
During this study, there were no deaths, serious AEs,
severe treatment-emergent AEs, discontinuations from
the study, or AEs considered treatment related by the

investigator. No changes in laboratory values were
considered clinically significant or reported as AEs,
and there were no clinically significant changes in
vital signs or ECGs. One participant (in the severe
hepatic impairment cohort) reported 2 treatment-
emergent AEs (fall, musculoskeletal pain); both were
considered unrelated to treatment but were related to
each other, with the musculoskeletal pain caused by
the fall. This participant also had the only change in
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Normal
(n = 8)(n = 8)(n = 8)

Normal
(n = 8)(n = 8)(n = 8)

Normal
(n = 8)(n = 8)(n = 8)

Normal
(n = 8)(n = 8)(n = 8)

l l l l

l ll l

Figure 2. Individual and summary of glasdegib total and unbound AUCinf and Cmax. Circles represent individual participant values
and stars represent geometric mean. Box plot provides median and 25%/75% quartiles with whiskers to the last data point within
1.5 × the interquartile range.Mean (SD) displayed numerically under box plot.AUCinf,AUC from time zero to infinity;Cmax,maximum
plasma concentration; mean, arithmetic mean; SD, standard deviation; u, unbound.

concomitant medications during the study, receiving
hydrocodone/paracetamol and ibuprofen for muscu-
loskeletal pain.

Discussion

In this study, participants with normal hepatic function
and those with moderate or severe hepatic impairment
had substantial overlap in glasdegib pharmacokinetic
parameters, indicating that there were no clinically
meaningful changes in exposures. For the cohort with
moderate hepatic impairment, total plasma glasdegib
PK were essentially similar to those with normal
hepatic function (the control cohort). For the cohort
with severe hepatic impairment, total exposures were
marginally lower, and CL/F was marginally higher
versus controls, with individual values demonstrating
substantial overlap.

The results in the cohort with severe hepatic impair-
ment may initially seem counterintuitive for a drug that
is primarily excreted via hepatic metabolism, where in-
creased exposure might be anticipated; however, these
results reflect the overall profile of glasdegib in vivo.
The increase in CL/F may be explained by the 50%
higher fu in the severe impairment cohort compared
with the normal function cohort (an increase that was

not observed in the moderate hepatic impairment co-
hort). In turn, the increase in fu in the severe hepatic
impairment cohort can be explained by lower produc-
tion of albumin and α1-acid glycoprotein in the liver
of these participants, as glasdegib binds moderately to
both proteins.19,20

The higher CL/F in participants with severe hepatic
impairment relative to normal hepatic function reflects
the low extraction ratio of glasdegib, which has been
demonstrated in studies of absolute bioavailability
and ADME.10,21 Assuming a well-stirred model, the
hepatic blood clearance for glasdegib can be simplified
to a product of the fu and the intrinsic clearance.
Based on this equation, study participants with severe
hepatic impairment, who had a higher fu on average,
should have a higher hepatic blood clearance than the
participants with normal hepatic function, if intrinsic
clearance is not markedly decreased. Bioavailability is
dependent on the fraction of the drug absorbed, the
fraction escaping gut wall metabolism, and the fraction
escaping first-pass effect. For a drug with a low extrac-
tion ratio (eg, glasdegib), one can reasonably assume
the fraction of the drug absorbed and the fraction es-
caping gut wall metabolism are not notably affected by
hepatic impairment and the fraction escaping first-pass
effect is approximately 1 per the well-stirred model;
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Figure 3. Plasma concentration–time profiles for unbound glasdegib. Concentration values below the lower limit of quantification
(3 ng/mL) were set to zero.

this indicates that glasdegib oral bioavailability would
not be markedly impacted by hepatic impairment.
Therefore, CL/F is indeed expected to increase in
participants with severe hepatic impairment where
there is an increase in hepatic blood clearance and no
change in bioavailability.

Previous publications have delved into the underpin-
nings of the limited practical implications of changes
in protein binding, using clinical examples to refute
the notion that the effective concentration of all drugs
depends on fu.22,23 Certainly, the trend observed for
glasdegib AUCinf,u and Cmax,u in the severe hepatic
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impairment cohort is a consequence of the difference
in fu compared to the reference cohort, since val-
ues for total glasdegib AUCinf and Cmax were slightly
lower in this group, demonstrating the important dif-
ference in the trend of total versus unbound drug
when protein binding is impacted. Nevertheless, both
the moderate and severe impairment groups had un-
bound glasdegib exposures similar to those of the
control group. Unbound drug represents the pharma-
cologically active species and is therefore considered
more clinically relevant, indicating that no change in
dose is warranted in patients with moderate or severe
impairment.

While this trial was not designed to assess long-term
safety or tolerability of glasdegib, it is important to note
that a single oral dose of glasdegib 100 mg was well
tolerated with no treatment-related AEs reported. Fur-
thermore, there were no discontinuations or clinically
significant changes in laboratory values, vital signs, or
ECGs.

The results of this study are in line with those of
the previously reported population pharmacokinetic
analysis for glasdegib.15 Of 267 patients included in
that analysis who had hepatic function data, 220 had
normal hepatic function, 43 mild hepatic impairment,
3 moderate hepatic impairment, and 1 severe hepatic
impairment.15 Hepatic function was not a statistically
significant covariate for explaining variability in glas-
degib PK. Based on these results, it was concluded that
glasdegib could be used without dose adjustment in pa-
tients with mild hepatic impairment, but the numbers
of patients with moderate or severe impairment were
too small to draw any conclusions for these groups.
It should be noted that patients’ hepatic function for
this analysis was categorized using the National Can-
cer Institute Organ Dysfunction Working Group cri-
teria, which, though it correlates with the Child-Pugh
classification used in the current study, does not result
in identical categorization.24 However, since the current
study included participants with greater degrees of hep-
atic impairment (moderate and severe) and still demon-
strated no clinically meaningful impact on glasdegib
exposure (notably including evaluation of free drug, the
most relevant pharmacological species), it follows that
mild hepatic impairment does not affect glasdegib PK,
in agreement with the previous population analysis in
patients.

It is acknowledged that this study has limitations,
and generally these are common to all dedicated phar-
macokinetic studies. The between-patient variability
observed may reflect the sample size, which was chosen
following regulatory guidance for the design of stud-
ies of PK in patients with impaired hepatic function.15

While differences between groups are possible, the de-
sign protected against possible imbalances as far as

was practical by matching a control group with nor-
mal hepatic function to the test groups. Furthermore,
no protocol deviations occurred that precluded use of
any data; therefore, all participants were included in all
analyses. Thus, while the results of this study should
not be overinterpreted, they are considered sufficiently
robust to address the question of whether patients
with hepatic impairment require dose reduction of
glasdegib.

Conclusions
The results of this study demonstrate that glasdegib
exposures are not altered to a clinically meaningful
extent, and 100-mg single-dose glasdegib was well tol-
erated in participants with moderate or severe hepatic
impairment. Taken together with previous findings,
these data suggest that 100 mg daily remains the appro-
priate glasdegib dose for patients with varying degrees
of liver dysfunction, and dose modifications are not
required on the basis of hepatic impairment.
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