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A B S T R A C T

Glasdegib is a potent and selective oral inhibitor of the Hedgehog pathway. We report data from the single-arm,
lead-in cohort of an open-label phase 1b/2 trial of glasdegib in patients with primary/secondary myelofibrosis
(MF) previously treated with at least one Janus kinase inhibitor (JAKi). Patients received glasdegib 100mg
orally once daily until there was no further clinical benefit. Primary endpoints included adverse events (AEs).
Secondary endpoints included patients with spleen volume reduction (SVR) ≥35% at week 24, patients with
≥50% total symptom score (TSS) reduction, and pharmacokinetics. All 21 treated patients had one or more AE
and five (23.8%) had serious AEs. Most common (> 30%) AEs were dysgeusia (61.9%), muscle spasms (57.1%),
alopecia (38.1%), fatigue (33.3%), and decreased appetite (33.3%). Although no patient had≥35% SVR at week
24, one patient previously treated with ruxolitinib had an SVR of 32.9%. At week 12, two (9.5%) patients had
≥50% reduction in TSS from baseline and ˜40% had ≥20% reduction. One patient had an anaemia response.
Following administration of glasdegib 100mg once daily, the median time to peak plasma concentrations at
steady-state generally occurred at 1 h post-dose. The safety profile of glasdegib monotherapy was manageable in
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patients with primary/secondary MF. Further study of glasdegib in combination with JAKi in a MF population
may be warranted.

1. Introduction

Primary and secondary (i.e., post-polycythemia vera and post-es-
sential thrombocythemia) myelofibrosis (MF) is characterised by a
clonal proliferation of myeloid hematopoietic cells leading to bone
marrow fibrosis [1,2]. Clinical features include abnormal blood counts,
hepatosplenomegaly, bleeding, thrombosis, and debilitating constitu-
tional symptoms (e.g., fatigue, weight loss, night sweats, fever, pruritus,
bone pain, abdominal pain, and early satiety) [2].

Ruxolitinib, a selective inhibitor of Janus kinase (JAK) 1 and JAK2,
is approved for first-line treatment of patients with intermediate- or
high-risk MF. Ruxolitinib can reduce spleen volume and ameliorate
disease-related symptoms [3,4]; however, significant clinical benefit is
not seen in all patients. In the COMFORT trials [4]. The proportion of
patients with spleen volume reduction (SVR) ranged between 28–42%,
and improvement ≥50% in total symptom score (TSS) occurred in 46%
of patients. Pooled data from these studies suggest ruxolitinib prolongs
survival in some patients, but lacks curative potential [5–7]. Reg-
ulatory-approved treatment options following ruxolitinib treatment
failure are lacking; hence, second-line therapy for MF is a significant
unmet need.

Translational studies have shown a 20- to 100-fold increase in ex-
pression of target genes of the Hedgehog (Hh) signalling pathway, in-
cluding glioma-associated oncogene (GLI1) and protein-patched
homolog 1 (PTCH1), in granulocytes isolated from patients with MF
[8]. In a preclinical mouse model of MF, inhibition of the Hh pathway
combined with ruxolitinib demonstrated greater reduction of mutant
allele burden, reduced bone marrow fibrosis, and lowered white blood
cells and platelet count compared with ruxolitinib alone [8].

Glasdegib is a potent and selective oral inhibitor of Hh pathway
activity that acts by binding to Smoothened (SMO), a G-protein-coupled
receptor, and blocking signal transduction. The United States Food and
Drug Administration recently approved glasdegib in combination with
low-dose cytarabine for the treatment of newly diagnosed acute mye-
loid leukaemia (AML) in adult patients who are ≥75 years old or who
have comorbidities that preclude the use of intensive induction che-
motherapy. This study evaluated safety and tolerability of glasdegib in
an open-label, lead-in cohort of patients with MF previously treated
with at least one JAK inhibitor (JAKi), followed by a phase 2, rando-
mized portion. Herein, we report data from the lead-in portion of this
phase 1b/2 trial.

2. Material and methods

2.1. Study design

This open-label, lead-in study in patients with primary or secondary
MF previously treated with one or more JAKi was conducted at ten
centres in Japan and the United States. The following were collected at
screening: date of diagnosis; Dynamic International Prognosis Scoring
System [9] risk category at enrolment; complete history, best response,
and reason for discontinuation of prior MF therapies; and events
leading to intolerance of prior MF therapies, including severity and
outcome of event(s).

The primary objective of the lead-in cohort was to assess safety and
tolerability of glasdegib in patients with primary or secondary MF
previously treated with one of more JAKi. Secondary objectives in-
cluded SVR assessed by magnetic resonance imaging (MRI) or com-
puted tomography (CT) following 24 weeks of treatment, proportion of
patients with ≥50% reduction in TSS at week 24 measured by the

Myeloproliferative Neoplasm Symptom Assessment Diary (MPN-SAD),
haematologic improvement (i.e., peripheral blood), and pharmacoki-
netics (PK) of glasdegib. Exploratory objectives included patient-re-
ported, health-related quality of life (HRQoL) and overall health status,
reduction of JAK2 V617F mutant allele burden (in patients with JAK2
V617F-mutant MF), and bone marrow and blood-based molecular
markers of response and resistance to glasdegib.

This study was approved by the Institutional Review Board and/or
Independent Ethics Committee at each investigational centre and was
conducted in compliance with the Declaration of Helsinki and all
International Council for Harmonization Good Clinical Practice
Guidelines. All patients provided informed consent. The study is re-
gistered at ClinicalTrials.gov (NCT02226172).

2.2. Patients

Eligible patients were aged ≥18 years with a diagnosis of primary
or secondary MF defined by World Health Organization 2008 criteria
[10]. Patients were previously treated with one or more JAKi (licensed
or experimental) for ≥4 weeks and had failed to achieve or sustain
adequate symptom control and/or adequate reduction of splenomegaly
based on investigator discretion, or had JAKi therapy discontinuation
for unacceptable toxicity irrespective of therapy duration. Also, patients
had to have spleen volume ≥5 cm below the inferior left costal margin,
measured by manual palpation, and severe MF symptoms (per in-
vestigator judgment). Patients were excluded if they had prior treat-
ment with a licensed or experimental SMO inhibitor or splenic irra-
diation ≤3 months prior to enrolment.

2.3. Treatment

Patients received open-label oral glasdegib 100mg once daily for up
to 24 weeks. Patients could remain on treatment for as long as they
tolerated it and derived clinical benefit. To manage safety and toler-
ability, dose reduction to 75mg or 50mg once daily or alternative
dosing schedules were explored. Patients were followed-up for at least
12 weeks after their last glasdegib dose.

2.4. Assessments

2.4.1. Safety
Safety assessments included recording of adverse events (AEs), their

type, incidence, severity (graded by the National Cancer Institute
Common Terminology Criteria for Adverse Events v4.03), timing, ser-
iousness, and relationship to study drug. Other assessments included
red blood cells and platelet transfusions (number of units) during
treatment.

2.4.2. Efficacy
To measure spleen volume, abdominal MRI (or CT, if MRI was

contraindicated) was completed at baseline, every three cycles, and at
confirmation of progression. Imaging studies were evaluated for change
from baseline in spleen and liver volume by a blinded independent
central review.

To assess symptom burden, patients completed the MPN-SAD daily
via an electronic handheld device (eDiary) beginning at least 7 days
before cycle 1 day 1 and continuing through cycle 7 day 1 (a total of 25
weeks). Thereafter, patients recorded symptoms weekly until treatment
discontinuation and then monthly until study discontinuation. MPN-
SAD is a ten-item instrument that assesses MF symptoms including early
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satiety, abdominal discomfort, inactivity, problems with concentration,
night sweats, pruritus, bone pain, fever (> 37.8 °C), unintentional
weight loss, and fatigue.

The key secondary efficacy endpoint was symptom improvement,
defined as achieving ≥50% reduction from baseline in TSS at week 24,
measured by the MPN-SAD. TSS at week 24 was defined as the average
of daily total scores from the 28 days of symptom scores immediately
prior to week 24 (cycle 7 day 1). Disease response, measured from
baseline through end of treatment, was evaluated using Revised
International Working Group for Myelofibrosis Research and Treatment
Response Criteria.

An ad hoc analysis was conducted on a subset of patients with se-
vere symptom burden at baseline, defined as MPN-SAD severity score
≥5 (on 0–10 scale) on at least one item, or a severity score ≥3 on at
least two of the following: fatigue, early satiety, abdominal discomfort,
inactivity, night sweats, pruritus, and bone pain.

2.4.3. Patient-reported outcomes
Other patient-reported outcomes included HRQoL assessed by the

European Organization for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC QLQ-C30) [11], Patient Global Im-
pression of Change (PGIC), and overall health status assessed by the
EuroQol–5 Dimension Questionnaire, 5-level version (EQ-5D-5 L) [12].

2.4.4. Pharmacokinetics
Blood samples (1.5 ml whole blood, sufficient to provide a minimum

of 0.6 ml of plasma) were collected for PK analysis of glasdegib at 0.25,
1, 2, and 4 h postdose on cycle 1 day 1; at predose, 0.25, 0.5, 1, 2, 4, and
6 h postdose on cycle 1 day 15; at 24 h postdose on cycle 1 day 16; and
at predose and 1 and 4 h postdose on day 1 of cycles 2 and 3. The
predose PK sample was collected within 30min before administration
of glasdegib to capture trough levels accurately. Plasma samples were
analysed for glasdegib concentrations using a validated, sensitive, and
specific high-performance liquid chromatography–tandem mass spec-
trometric method.

Glasdegib PK parameters were calculated for each patient using
non-compartmental analysis of steady state plasma concentration–time
data and included maximum observed plasma concentration (Cmax);
area under the concentration–time curve (AUC) from time zero to time
τ; the dosing interval (AUCtau), where τ=24 h for once-daily dosing;
lowest concentration observed during the dosing interval τ; and, if
measured at end of dosing interval, equivalent to trough plasma con-
centration and average concentration at steady-state (calculated as
AUCtau/τ).

3. Results

3.1. Patients

A total of 21 patients were screened and treated with glasdegib.
Patient demographic and baseline characteristics are presented in
Table 1. Fifteen (71.4%) patients received one prior JAKi therapy; three
(14.3%) received two prior JAKi therapies, and three (14.3%) received
three or more prior JAKi therapies. The most common reason for dis-
continuing prior JAKi therapy was inadequate response/primary re-
sistance (n= 11 [52.4%]), followed by toxicity and “other” (n= 8
[38.1%], each).

As of the data cut-off, December 2016, eight patients completed the
study, ten patients discontinued from the study, and three patients were
still receiving study treatment. Eighteen (85.7%) patients discontinued
treatment due to treatment-related AEs (n=10), insufficient clinical
response (n=3), progressive disease (n= 2), global deterioration of
health status (n=1), patient refused further follow-up (n=1), and an
AE unrelated to study drug (n= 1).

3.2. Safety

Median duration of glasdegib treatment was 85.0 days (range,
22–512 days), median daily dose was 96.0mg (range, 61–101mg), and
median relative dose intensity was 97.0% (range, 60–100%). Six
(28.6%) patients had a dose reduction and five (23.8%) patients ex-
perienced at least one treatment delay (i.e., delay of the start of a cycle);
median duration of delay was 8.0 days (range, 6–11 days). Ten (47.6%)
patients had at least one dose interruption (i.e., missing a total of ≥6
doses of glasdegib within a cycle); median duration of interruption was
15.0 days (range, 8–29 days). Four patients received more than six
cycles of glasdegib, three of whom were ongoing patients at the data
cutoff date. The fourth patient received seven cycles of glasdegib. All 21
patients had one of more treatment-emergent AE (TEAE); 190 TEAEs
were reported. Fourteen (66.7%) patients had grade 3/4 TEAEs and one
(4.8%) patient had a grade 5 TEAE of respiratory failure. All-causality
TEAEs experienced by> 10% of patients are presented in Table 2. The
most common treatment-related TEAEs were dysgeusia (61.9%),
muscle spasms (52.4%), alopecia (38.1%), decreased appetite (33.3%),
and fatigue (23.8%).

Twelve (57.1%) patients permanently discontinued study treatment
due to TEAEs, mostly due to muscle spasms (n=6: one grade 3; four
grade 2; one grade 1) and dysgeusia (n=3). One of these twelve pa-
tients discontinued treatment due to grade 1 pyrexia; however, relat-
edness was not entered into the case report form, and the site recorded

Table 1
Patient demographic and baseline characteristics.

Parameter, n (%) Glasdegib lead-in N=21

Body mass index,* kg/m2

Mean (SD) 26.6 (4.1)
Range 20.8-38.2

Number of prior JAKi therapies
1 15 (71.4)
2 3 (14.3)
≥3 3 (14.3)
Ruxolitinib only 14 (66.7)

DIPSS risk category
Intermediate 1 2 (9.5)
Intermediate 2 15 (71.4)
High risk 4 (19.0)

Reason for stopping prior JAKi therapy†

Inadequate response / primary resistance 11 (52.4)
Disease progression / acquired resistance 3 (14.3)
Toxicity 8 (38.1)
Other 8 (38.1)
Not reported 4 (19.0)

Duration of treatment of prior JAKi, days
Mean (SD) 709.9 (647.2)
Range 77–2600

Response to last prior JAKi treatment
Complete remission 0
Partial remission 1 (4.8)
Clinical improvement 10 (47.6)
Stable disease 3 (14.3)
Not reported 7 (33.3)

Best response to prior JAKi treatment‡

Complete remission 0
Partial remission 2 (9.5)
Clinical improvement 13 (61.9)
Stable disease 2 (9.5)
Not reported 4 (19.0)

Transfusion independent
Yes 17 (81.0)
No 4 (19.0)

DIPSS=Dynamic International Prognostic Scoring System; JAKi= Janus ki-
nase inhibitor; SD= standard deviation.
* Body mass index is defined as weight / (height × 0.01)2.
† Patients may have more than one reason for stopping prior JAKi therapies.
‡ Best response to prior therapy includes all responses prior to start of study

therapy.
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the reason for discontinuation as progressive disease. A notable number
of discontinuations due to muscle spasms occurred at a single site
(n=5 of 6). No concurrent creatine kinase increases to suggest rhab-
domyolysis were reported during the study. Per protocol, patients ex-
periencing muscle spasms or myalgia were advised to consume oral
rehydration solutions or salts containing electrolytes.

One (4.8%) patient had a dose reduction due to an AE, four (19.0%)
patients had a temporary discontinuation due to AEs, and four (19.0%)
patients had both.

No patients died within 28 days of the last dose of glasdegib. During
the follow-up period, one patient died due to disease progression, and
one patient died due to unknown cause. Five (23.8%) patients experi-
enced serious AEs (SAEs), including one patient each: memory im-
pairment and fatigue; gastric varices haemorrhage, portal hypertension,
respiratory failure, and oesophageal varices; mental status change;
failure to thrive; and anaemia. No SAE was reported in more than one
patient. Most SAEs were grade 2 or 3; one patient each had a grade 4
gastric variceal haemorrhage and a grade 5 SAE of respiratory failure,
both judged to be unrelated to study treatment. Two patients had
treatment-related SAEs (fatigue, memory impairment, and mental
status change).

Grade 3 haematological toxicities included: anaemia (n= 1), lym-
phopenia (n= 3), neutropenia (n= 1), and leukopenia (n= 1). One
patient each had grade 4 lymphopenia and neutropenia. Grade 3 and
4 hyperlipasemia was seen in five and one patients, respectively.

3.3. Efficacy

On physical examination, patients with ≥50% decrease in spleen
size were reported at cycle 4 day 1 (n=1) and at end of treatment
(n=2). Median change from baseline in spleen size was –28.6%
(range, –100% to 0%; Fig. 1A). On MRI/CT, mean spleen volume at
week 24 was increased from baseline for the six patients evaluated.
Mean (standard deviation [SD]) absolute change from baseline was
116.7 cm3 (148.7), and mean (SD) percent change from baseline was
8.8% (9.0%). The best post-baseline spleen measurements over time by

MRI/CT are presented in Fig. 1B. Based on MRI/CT assessment, no
patient had an SVR≥ 35% at any time during study.

A 10.6% and 7.6% median decrease from baseline in spleen size
based on MRI/CT assessment was reported at weeks 36 and 48, re-
spectively, for the three patients still receiving glasdegib at these time
points. These patients had a relatively short duration of prior therapy.
Notably, one patient had an SVR of 32.9%; this patient was previously
treated with five doses of ruxolitinib. A second patient had splenome-
galy and spleen volume stabilised; this patient was previously treated
with two doses of ruxolitinib. In a third patient, spleen volume stabi-
lised; this patient was previously treated with four doses of an experi-
mental medication INC424.

One (5.9%) patient had anaemia response, defined as ≥20 g/l in-
crease in haemoglobin level wherein baseline haemoglobin level
was< 100 g/l, or transfusion-dependent patients becoming transfu-
sion-independent. This patient also had splenomegaly and thrombocy-
topenia; prior treatments included ruxolitinib and fedratinib (SAR
302503). On day 1, baseline haemoglobin was 97 g/l. On day 92,
haemoglobin was 117 g/l (reference range, 117–155 g/l). On day 99,
haemoglobin was 105 g/l and no longer constituted an anaemia re-
sponse. The patient permanently discontinued treatment due to muscle
spasms and dizziness in cycles 3 through 6; the patient’s last dose was
on day 169.

Table 2
Treatment-emergent all-causalities adverse events reported by>10% of pa-
tients.

Adverse event, n (%) Glasdegib lead-in (N=21)

All Grades* Grade 1 Grade 2 Grade 3 Grade 4

Dysgeusia 13 (61.9) 9 (42.9) 4 (19.0) 0 0
Muscle spasms 12 (57.1) 5 (23.8) 5 (23.8) 2 (9.5) 0
Alopecia 8 (38.1) 5 (23.8) 3 (14.3) 0 0
Decreased appetite 7 (33.3) 6 (28.6) 1 (4.8) 0 0
Fatigue 7 (33.3) 1 (4.8) 5 (23.8) 1 (4.8) 0
Lipase increased 5 (23.8) 0 0 4 (19.0) 1 (4.8)
Weight decreased 5 (23.8) 2 (9.5) 3 (14.3) 0 0
Anaemia 4 (19.0) 0 1 (4.8) 2 (9.5) 1 (4.8)
Hyperuricaemia 4 (19.0) 2 (9.5) 0 0 2 (9.5)
Nausea 4 (19.0) 4 (19.0) 0 0 0
Pyrexia 4 (19.0) 2 (9.5) 2 (9.5) 0 0
Asthenia 3 (14.3) 1 (4.8) 1 (4.8) 1 (4.8) 0
Constipation 3 (14.3) 1 (4.8) 1 (4.8) 1 (4.8) 0
Cough 3 (14.3) 3 (14.3) 0 0 0
Dehydration 3 (14.3) 2 (9.5) 1 (4.8) 0 0
Electrocardiogram QT

prolonged
3 (14.3) 1 (4.8) 2 (9.5) 0 0

Lymphocyte count
decreased

3 (14.3) 0 0 2 (9.5) 1 (4.8)

Myalgia 3 (14.3) 3 (14.3) 0 0 0
Pain in extremity 3 (14.3) 2 (9.5) 1 (4.8) 0 0
Thrombocytopenia 3 (14.3) 0 3 (14.3) 0 0
Upper respiratory tract

infection
3 (14.3) 1 (4.8) 1 (4.8) 1 (4.8) 0

* Grade 5 adverse event of respiratory failure occurred in one patient
throughout the study.

Fig. 1. Percentage change from baseline in spleen volume. Best post-baseline
spleen measurements by (A) physical examination and (B) MRI/CT. max=
maximum; min=minimum; MRI/CT=magnetic resonance imaging/com-
puted tomography; SD= standard deviation.
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3.4. Symptom score and patient-reported outcomes

Baseline symptom scores on MPN-SAD were low and most aver-
aged<4 (i.e., mild) with minimal severity (Table 3). Fatigue was the
only symptom with an average score> 4 at baseline. Baseline symptom
scores in the severe subset (n=14) were higher than those in the entire
lead-in cohort: fatigue remained the worst symptom, followed by in-
activity and spleen-related symptoms of early satiety and abdominal
discomfort (Table 3).

Using the prespecified criteria of ≥50% improvement from base-
line, the monthly mean symptom response rate at weeks 12 and 24,
respectively, was approximately 10% and 5% in the lead-in cohort and
14% and 7% in the severe subset (Table 4). Two (9.5%) patients, who
were also included in the severe subset, had a reduction ≥50% in MPN-
SAD (mean change from baseline, –67.5%).

Using alternative responder definitions of ≥30% or ≥20% im-
provement from baseline, or focusing on the spleen-related subscale,
monthly mean response rates were higher. The highest response rate,
which was observed for ≥20% improvement in the TSS and also the
spleen-related subscale at week 12, was 38.1% in the lead-in cohort and
42.9% in the severe subset (Table 4).

In the lead-in cohort, mean TSS score and all subscale scores showed
a general trend of improvement over time. Individual scores of spleen-
related symptoms and inactivity showed improvement at weeks 12 and
24. Of the constitutional symptoms, fatigue showed improvement at
weeks 12 and 24, whereas bone pain and pruritus worsened (data not
shown). In the severe subset, a clearer trend of symptom improvement
and TSS reduction emerged. All individual symptoms except bone pain
and pruritus showed greater improvement compared with the lead-in
cohort, particularly spleen-related symptoms, fatigue, and inactivity
(data not shown).

Results of the EORTC QLQ-30 questionnaire showed an overall fa-
vourable trend over time in QoL and functional improvement in the
entire lead-in cohort. Patients in the severe subset demonstrated a
mostly favourable trend in QoL and functional improvement over time.
The mean (SD) change from baseline in EQ-5D-5 L rating up to cycle 10
day 1 was 0.78 (0.10) in the entire lead-in cohort. The greatest reported
change from baseline was –0.18 (0.49) at cycle 19 day 1, when only
three patients remained in the study. Results were similar for the severe
subset. The EQ visual analogue scale yielded inconsistent results.
Symptom improvement in PGIC at weeks 12 and 24 is presented in
Table 4.

3.5. Pharmacokinetics

Nineteen patients provided plasma PK data considered evaluable (at
steady-state for glasdegib) for purposes of glasdegib PK analysis on
cycle 1 day 15. Representative individual plasma glasdegib concentra-
tion time profiles are shown in Fig. 2. Following administration of
100mg once-daily oral dose of glasdegib for 15 days, Cmax occurred at
1.02 h postdose (range, 0.48–4.00). Geometric mean (%coefficient of
variation [CV] of geometric means) values for AUCtau and Cmax were
13,150 ng.h/ml (50%) and 996.8 ng/ml (45%), respectively. Pre-dose
concentrations (Ctrough) following daily dosing were consistent across
multiple cycles, with geometric mean (%CV) Ctrough values of 204.1 ng/
ml (70%), 176.1 ng/ml (113%) and 189.5 ng/ml (88%) on cycle 1 day
15, cycle 2 day 1, and cycle 3 day 1, respectively.

4. Discussion

This open-label, lead-in cohort was designed to evaluate the safety
and tolerability of glasdegib in patients with primary/secondary MF
previously treated with JAKi. Although glasdegib was considered safe
and tolerable, prespecified secondary TSS reduction and SVR endpoints
were not met. Therefore, this study did not proceed to the randomised
phase.

For pre-treated patients with relapsed and refractory MF, glasdegib
demonstrated an acceptable toxicity profile. The most commonly re-
ported TEAEs were dysgeusia, muscle spasms, alopecia, decreased ap-
petite, and fatigue, which are consistent with prior studies of glasdegib
and other SMO inhibitors [13–17]. The frequencies of “on target”
TEAEs in patients with MF were higher than those reported for glas-
degib in patients with other myeloid malignancies (i.e., AML or mye-
lodysplastic syndrome), respectively: dysgeusia (62% vs 28%), muscle
spasms (57% vs 9%), alopecia (38% vs 15%), decreased appetite (33%
vs 19%), and fatigue (33% vs 11%) [16]. Most of these AEs were grade
1 or 2, with the exception of two cases of grade 3 muscle spasms [16].
The small number of patients, different nature of disease under study,
and prior exposure to ruxolitinib may have contributed to differences in
the frequency and severity of AEs. Over the course of the study, the
investigators became more attuned to recognizing, and better able to
address, emerging AEs (i.e., electrolyte solution for muscle spasms). No
deaths occurred within 28 days of the last dose of glasdegib, and the
number of SAEs reported was low and with no discernible pattern.

Although results from physical examination indicated there may be
decreases in spleen size from baseline, they were generally not sus-
tainable as indicated by subsequent MRI/CT assessment. The dis-
crepancy in measurements is most likely due to the fact that physical
examination is subjective whereas MRI/CT gives precise measurements.
The results imply that MRI/CT is the more accurate modality to make
these types of assessments. Mean spleen volume measured by MRI/CT
at week 24 suggested glasdegib as monotherapy may not sustainably
decrease spleen volume in patients with primary/secondary MF, al-
though two patients imaged at later time points showed evidence of
SVR. These results are consistent with a phase 2 study in which patients
with MF treated with SMO inhibitor IPI-926 demonstrated reductions in
spleen size< 50% from baseline [18]. Anaemia response was observed
in 1 patient.

Approximately 40% of patients achieved>20% to 30% reduction
in symptoms, suggesting glasdegib may have a true treatment benefit in
improving MF-related symptoms. This is supported by overall con-
sistency of the results from other patient-reported outcome

Table 3
Baseline MPN-SAD symptom scores*.

Leadin (N=21) Severe Subset† (n= 14)

Mean Median Mean Median

Bone pain 1.87 1.00 2.71 2.36
Problems with concentration 2.52 1.86 3.36 3.29
Abdominal discomfort 3.65 2.86 4.73 5.00
Fatigue 4.34 4.86 5.84 5.64
Fever (> 37.8 °C) 0.37 0.00 0.56 0.00
Early satiety 3.69 3.86 4.74 4.93
Inactivity 3.45 3.29 4.76 5.07
Pruritus 1.51 0.86 1.83 1.14
Night sweats 1.95 1.14 2.79 3.36
Unintentional weight loss 0.66 0.14 0.83 0.36
Spleen-related symptom score‡ 7.33 6.86 9.48 9.86
Constitutional symptom score§ 9.67 7.71 13.16 14.07
Total symptom score 24.00 24.86 32.14 30.36
nTSS‖ 17.00 17.43 22.64 22.00

MPN-SAD=Myeloproliferative Neoplasm Symptom Assessment Diary;
nTSS= new total symptom score.
* Large values correspond to worse symptoms.
† Severe Subset included patients with a baseline (7-day average) MPN-SAD

severity score ≥5 (on 0–10 scale) on at least one, or a severity score ≥3 on at
least two of the following items: fatigue, early satiety, abdominal discomfort,
inactivity, night sweats, pruritus, and/or bone pain.

‡ Spleen-related symptom score is the sum of early satiety and abdominal
discomfort.

§ Constitutional symptom score is the sum of fatigue, night sweats, pruritus,
and bone pain.

‖ nTSS is the sum of spleen-related symptoms and constitutional symptoms.
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measurements (EORTC QLQ-30, EQ-5D-5 L, and PGIC questionnaires).
Following oral administration of glasdegib, 100mg once daily to

steady-state (cycle 1 day 15), Cmax generally occurred around 1 h
postdose. The geometric mean AUCtau and Cmax values were
13,150 ng·h/ml and 996.8 ng/ml, respectively, consistent with the ob-
served PK of glasdegib administered as monotherapy [16,17].

Due to secondary efficacy endpoints not being met in the lead-in
cohort, the study was terminated early, and the primary efficacy end-
point of SVR with glasdegib vs placebo was not analysed. Patient-re-
ported outcomes were variable.

The population in this study was heavily pre-treated with multiple
JAKi relative to the patient population in the COMFORT trial [4]. The
majority (67.1%) of patients in the COMFORT study received only
previous hydroxyurea, whereas in the current study, 71.4% of patients
received 1 prior JAKi therapy and 14.3% each received two and three
or more prior JAKi therapies. Therefore, traditional endpoints (i.e.,

35% reduction in spleen volume, 50% improvement in symptoms) used
to measure efficacy in treatment-naïve patients may not be appropriate
to determine efficacy in patients refractory to previous treatments.

4.1. Conclusions

The safety profile of glasdegib is manageable as monotherapy in
patients with primary/secondary MF, and no new safety concerns have
arisen during this study. However, TEAEs limited treatment duration in
some patients. One potential strategy to increase tolerability of glas-
degib in this and similar populations may be to consider alternative
dosing schedules. Although no patients sustained an SVR≥ 35%, three
patients had stabilisation or reduction in spleen size. Moreover, patient-
reported outcome measures and long duration of therapy in select pa-
tients, indicative of continued clinical response, suggest glasdegib may
improve MF symptoms in this population of pretreated patients.
Preclinical studies combining treatment with an Hh inhibitor and JAKi
demonstrated increased efficacy in MF [8], suggesting that further
study of glasdegib in combination with JAKi in MF populations may be
warranted. Furthermore, traditional efficacy endpoints used in treat-
ment-naïve patients may not capture the entire spectrum of clinical
benefit, and a new characterisation of efficacy, such as molecular bio-
markers of response, may need to be developed for heavily pre-treated
patients.
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Table 4
Symptom improvement: MPN-SAD and PGIC.

Time point, % improvement, cumulative* Lead-in cohort (N=21)

MPN-SAD†n (%) PGIC improvement**n (%)

TSS Spleen‡ Constitutional§ nTSS‖

Monthly mean at week 12 Cycle 4 day 1
≥50% 2 (9.52) 6 (28.57) 3 (14.29) 4 (19.05) Very much 1 (4.76)
≥30% 5 (23.81) 7 (33.33) 4 (19.05) 6 (28.57) Much 0
≥20% 8 (38.10) 8 (38.10) 6 (28.57) 7 (33.33) Minimally 4 (19.05)

Monthly mean at week 24 Cycle 7 day 1
≥50% 1 (4.76) 2 (9.52) 2 (9.52) 1 (4.76) Very much 0
≥30% 3 (14.29) 4 (19.05) 3 (14.29) 3 (14.20) Much 1 (4.76)
≥20% 4 (19.05) 5 (23.81) 3 (14.29) 4 (19.05) Minimally 2 (9.52)

Severe Subset†† (n=14)
Monthly mean at week 12 Cycle 4 day 1
≥50% 2 (14.29) 4 (28.57) 2 (14.29) 2 (14.29) Very much 1 (7.14)
≥30% 4 (28.57) 5 (35.71) 3 (21.43) 4 (28.57) Much 0
≥20% 6 (42.86) 6 (42.86) 5 (35.71) 5 (35.71) Minimally 2 (14.29)

Monthly mean at week 24 Cycle 7 day 1
≥50% 1 (7.14) 2 (14.29) 0 1 (7.14) Very much 0
≥30% 1 (7.14) 3 (21.43) 1 (7.14) 1 (7.14) Much 1 (7.14)
≥20% 2 (14.29) 3 (21.43) 1 (7.14) 2 (14.29) Minimally 1 (7.14)

MPN-SAD=Myeloproliferative Neoplasm Symptom Assessment Diary; nTSS= new total symptom score; PGIC=Patient Global Impression of Change.
* The cumulative frequency of patients is the total of each frequency added to its predecessor. The cumulative percentage of patients divides the cumulative

frequency by the total number of observations.
† Higher scores are associated with better health for functional scales and worse health for symptom scales.
‡ Spleen-Related Symptom Score is the sum of early satiety and abdominal discomfort.
§ Constitutional Symptom Score is the sum of fatigue, night sweats, pruritus, and bone pain.
‖ nTSS is the sum of spleen-related symptoms and constitutional symptoms.
** Since starting the study medication, my myelofibrosis symptoms are: 1=Very much improved; 2=Much improved; 3=Minimally improved; 4=No change;

5=Minimally worse; 6=Much worse; 7=Very much worse.
†† Severe Subset are patients with a baseline (7-day average) MPN-SAD severity score ≥5 (on 0–10 scale) on at least one, or a severity score ≥3 on at least two of

the following items: fatigue, early satiety, abdominal discomfort, inactivity, night sweats, pruritus, and/or bone pain.

Fig. 2. Representative individual plasma glasdegib concentration–time profiles
following 15 days of glasdegib 100mg once-daily oral dosing.
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