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ABSTRACT

Introduction: Patients with thrombocytopenia
and chronic liver disease are at increased risk of
bleeding during invasive procedures due to low
platelet counts. Lusutrombopag, an orally active
thrombopoietin receptor agonist, increases pla-
telet count and reduces the need for platelet
transfusion in chronic liver disease patients
with thrombocytopenia undergoing a planned
invasive procedure. The safety of lusutrom-

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s12325-022-02237-8.

S. L. Flamm ()

Department of Medicine (Gastroenterology and
Hepatology) and Surgery, Northwestern University
Feinberg School of Medicine, 676 North Saint Clair,
Arkes 19-041, Chicago, IL 60611, USA

e-mail: s-flamm@northwestern.edu

M. Peck-Radosavljevic

Abteilung Innere Medizin & Gastroenterologie
(IMuG), Mit Zentraler Aufnahme- & Erstversorgung
(ZAE), Klinikum Klagenfurt am Worthersee,
Klagenfurt, Austria

T. Fukuhara
Clinical Research Development Department,
Shionogi & Co., Ltd., Osaka, Japan

R. Bentley
US Global Market Access, Shionogi Inc., Florham
Park, NJ, USA

bopag in patients with Child-Pugh class C
chronic liver disease is not known. The present
analysis was performed to determine the phar-
macokinetics, efficacy, and safety of lusutrom-
bopag in patients with Child-Pugh classC
chronic liver disease.

Methods: Data for patients with Child-Pugh
class C chronic liver disease were collected from
three data sets: a phase 1/2 Child-Pugh class C
study (n =5) (JapicCTI-163289 [Japan Pharma-
ceutical Information Center]), a phase 3 pivotal
study (L-PLUS 2, n = 3) (NCT02389621 [Clini-
caltrials.gov]), and ongoing post-marketing
surveillance (n =27) (JapicCTI-163432 [Japan
Pharmaceutical Information Center]). Patients
received lusutrombopag at 3mg for up to
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7 days. Safety and efficacy assessments were
collected from two clinical studies and the post-
marketing surveillance; pharmacokinetic data
were collected from the phase 1/2 study.
Results: Mean C,,,x and AUC,_, were lower in
Child-Pugh class C patients than Child-Pugh
class A and B; individual patients’ Cpn.x and
AUC,_, values overlapped among Child-Pugh
classes. In lusutrombopag patients who did not
receive platelet transfusion (n = 4 in phase 1/2,
n=1 in phase3, n=24 in post-marketing
surveillance), the median (range) maximum
platelet count was 88.5 x 10°/L (54-105 x 10°/
L), 80 x 10°/L, and 91 x 10°/L (41-186 x 10°/
L; n=23), respectively. There were no treat-
ment-related adverse events or treatment-re-
lated serious adverse events. One patient from
the phase 1/2 study had a non-serious portal
vein thrombosis, which was not considered
treatment-related.

Conclusions: The analysis presented in this
study suggests that lusutrombopag increases
platelet counts in Child-Pugh class C patients
and is safe and well tolerated in this patient
population.

Trial Registration: L-PLUS 2: NCT02389621
(Clinicaltrials.gov). Phase 1/2: JapicCTI-163289
(Japan Pharmaceutical Information Center
[JAPIC]). Post-marketing surveillance: JapicCTI-
163432 (JAPIC).

Keywords: Chronic liver disease; Severe throm-
bocytopenia; Invasive procedure; Child-Pugh
class C;  Lusutrombopag; = Thrombopoietin
receptor agonist

Key Summary Points

Why carry out this study?

Patients with chronic liver disease (CLD)
often experience thrombocytopenia,
which puts them at increased risk of
bleeding during invasive procedures.

Phase 3 studies have shown that the orally
active thrombopoietin receptor agonist
(TPO-RA) lusutrombopag is effective in
increasing platelet count and reducing the
need for platelet transfusions in patients
with CLD and thrombocytopenia who are
undergoing a planned invasive procedure,
although lusutrombopag'’s efficacy and
safety in patients with Child-Pugh (CP)
class C CLD has not been established.

This analysis provides the first evaluation
of the efficacy/effectiveness, safety, and
pharmacokinetics of lusutrombopag in a
subgroup of patients with CP class C CLD
from three data sets: a phase 1/2 CP

class C study (n = 5), a phase 3 pivotal
study (n = 3), and post-marketing
surveillance (n = 27).

What was learned from the study?

In the CP class C patients who were
treated with lusutrombopag and did not
receive platelet transfusions (n = 4 in
phase 1/2, n = 1 in phase 3, n = 24 in post-
marketing surveillance), median (range)
maximum platelet counts were

88.5 x 10°/L (54-105 x 10°/L), 80 x 10°/
L, and 91 x 10°/L (41-186 x 10°/L;

n = 23), respectively, and no treatment-
related adverse events or treatment-
related serious adverse events were
observed.

The results of this analysis suggest that
lusutrombopag increases platelet counts
in CP class C patients and is safe and well
tolerated in this patient population.

Although there is a need for interventions
for patients with CP class C CLD, this
population has been the target of few
analyses; these data therefore present a
valuable insight into the treatment of
patients with CP class C disease
undergoing planned invasive procedures.
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INTRODUCTION

Thrombocytopenia is a common complication
of patients with chronic liver disease (CLD),
which arises because of decreased hepatic pro-
duction of thrombopoietin (TPO) and splenic
sequestration of platelets [1]. Because of the
resulting low platelet counts, patients are at an
increased risk of bleeding during invasive pro-
cedures [2, 3]. Platelet transfusions have been
employed to raise platelet counts in patients
with CLD and thrombocytopenia prior to
invasive procedures, but there is controversy
surrounding this practice. The effects of platelet
transfusions are brief and may result in adverse
transfusion reactions [4, 5]. Importantly, repe-
ated use in patients also may result in platelet
transfusion refractoriness due to alloimmu-
nization. Furthermore, the costs associated with
platelet transfusions are high [4, 6].

Second generation TPO receptor agonists
(TPO-RAs) have emerged as an efficacious and
safe therapeutic option in patients with
thrombocytopenia. Lusutrombopag is a TPO-RA
approved in Japan (2015) and the USA (2018)
for treatment of thrombocytopenia, and in the
European Union (2019) for severe thrombocy-
topenia, associated with CLD in patients
undergoing a planned invasive procedure [7-9].
As an orally active, small molecule TPO-RA,
lusutrombopag acts via TPO receptors on
megakaryocytes, activating platelet production
via the same signal cascade as endogenous TPO
[9, 10].

Previous studies have confirmed that
lusutrombopag is an efficacious treatment
option that reduces the need for platelet trans-
fusion in patients undergoing planned proce-
dures. L-PLUS 1, a phase 3, double-blind study
conducted in Japan demonstrated that 79.2% of
patients did not require preoperative platelet
transfusion compared to only 12.5% of placebo-
treated patients (P < 0.0001). No significant
safety concerns were identified [10]. Similarly,
L-PLUS 2, a phase 3 double-blind study con-
ducted globally, found that 64.8% of
lusutrombopag-treated patients in the intent-
to-treat population did not require a platelet
transfusion and rescue therapy for bleeding

7 days after the primary procedure, compared to
29.0% of placebo-treated patients [11]. These
findings were similar to those in the L-PLUS 2
per-protocol (PP) analysis set (72.5% and 20.2%,
respectively). The safety profile was similar to
placebo.

Although the efficacy and safety profile of
lusutrombopag has been established in patients
with CLD, it has not been established in
patients with Child-Pugh (CP) class C CLD,
as this patient population was excluded in
previous studies [10, 11]. Furthermore, the
pharmacokinetic/pharmacodynamic profile of
lusutrombopag may be altered in patients with
CP class C liver disease. Lusutrombopag is
excreted mainly via feces in humans; fecal
excretion accounts for 83% of the administered
dose, with 16% of the dose excreted as
unchanged lusutrombopag, and urinary excre-
tion accounts for approximately 1% [9].

A pharmacokinetic/pharmacodynamic study
demonstrated that patients with a CP score of 9
or higher had an increased slope relating plasma
lusutrombopag concentrations and a lower
median area under the curve (AUC) compared
to patients with classA or B. This may be
because patients with liver disease may have
intestinal alterations that affect the extent of
drug absorption [12]. This should be taken into
consideration when treating this subset of
patients.

The present analysis evaluated the effi-
cacy/effectiveness, safety, and pharmacokinet-
ics of lusutrombopag in a subgroup of patients
with CP class C CLD, which has not been pre-
viously reported.

METHODS

Study Design

CP class C patient-level data were extracted
from three data sets: a phase 1/2 CP class C
study; a phase3 pivotal study, despite CP
class C exclusion criteria (L-PLUS 2, n = 3); and
post-marketing surveillance (PMS), despite
lusutrombopag being contraindicated in this
population in Japan where the PMS is ongoing.
Data from the L-PLUS2 [11] and PMS were
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previously published [13]. The planned PMS
survey period was from October 2016 to
May 2021, and the enrollment period was from
October 2016 to September 2020; the date of
data cutoff for the PMS data set for this analysis
was September 27, 2019 (Japan Pharmaceutical
Information Center [JAPIC], ID: JapicCTI-
163432). The phase1/2 study (JAPIC, ID:
JapicCTI-163289) was an open-label, single-arm
pharmacokinetic trial conducted in Japan from
July 6, 2016 to March 23, 2017 and the phase 3
pivotal study (NCT02389621) was a double-
blinded, placebo-controlled trial conducted
globally from June 15, 2015 to April 19, 2017. A
list of study investigators for the phase 1/2 and
phase 3 studies is shown in TableS1 in the
supplementary material. The authors confirm
that all ongoing and related trials for this drug/
intervention are registered.

In the phase1l/2 and phase3 studies,
patients with baseline platelet counts below
50 x 10°/L received lusutrombopag 3 mg for no
more than 7 days. In the phase 3 study, invasive
procedures were scheduled 9-14 days after ran-
domization; in the phase 1/2 study, an invasive
procedure was not required. The PMS was con-
ducted under routine clinical practice; patients
received 3 mg lusutrombopag and were
observed for 2 months from the start of the first
lusutrombopag treatment.

Compliance with Ethics Guidelines

All patients provided written informed consent
in the phase 1/2 and phase 3 studies. For these
studies, the study protocol was approved by the
institutional review boards of each participating
center, shown in Table S2 in the supplementary
material. According to exemptions under the
Good Post-Marketing Study Practice ordinance
by the Ministry of Health, Labour, and Welfare
in Japan, institutional review board approval
and informed consent were not required for the
PMS. In the PMS data, patients were anon-
ymized prior to analysis. All studies conformed
to the ethical principles outlined in the Decla-
ration of Helsinki and all revisions thereof.

Assessments

In the phase1/2 study, pharmacokinetic
assessments were performed using blood sam-
pling to determine plasma drug concentration
in all patients, and parameters were calculated
using non-compartmental analyses (WinNon-
lin, Version 6.2.1, Princeton, NJ; AutoPi-
lotToolkit, Version 2.0, Princeton, NJ).
Endpoints included maximum plasma concen-
tration (Cpax), time to maximum plasma
concentration (Tmax), area under the concen-
tration—-time curve from time zero to the dosing
interval time (AUC,_,), terminal elimination
rate constant (4,), terminal elimination half-life
(t1/2,7), and apparent total clearance (CL/F).

In the phase 3 study, the primary endpoint
was the proportion of patients who required no
platelet transfusion prior to the primary inva-
sive procedure and no rescue therapy for
bleeding from randomization through 7 days
after the primary invasive procedure.

Platelet counts were measured in both stud-
ies and the PMS. In the phase 1/2 study, platelet
counts were assessed at screening (day -28), pre-
dosing on day 1, and post-dosing on days 3-8,
10, 12, 14, 17, 21, 28, and 35. In the phase 3
study, platelet counts were assessed at screening
(day -28), pre-dosing on day 1, and post-dosing
on days 5-8, 10, 12, 14, 17, 21, 28, and 35. In
the PMS, platelet count was assessed prior to
first treatment, between initiation of first treat-
ment and invasive procedure, and after invasive
procedure.

In both the phase 1/2 and 3 studies, receipt
of platelet transfusion, mean maximum
increase in platelet count, and duration of pla-
telet count > 50 x 10°/L were evaluated. In the
phase 1/2 study, imaging for portal vein
thrombosis was conducted via CT or MRI dur-
ing screening and between study days 12 and
28; in the phase 3 study, imaging for portal vein
thrombosis (via ultrasonography, CT, or MRI)
took place during screening and following the
invasive procedure.

The PMS assessed receipt of platelet transfu-
sion and safety. When judged necessary by the
physician, the presence of portal vein throm-
bosis was evaluated.
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Statistical Analysis

Pharmacokinetics

In the phase 1/2 study, the analysis of variance
for class A, B, and C patients, including CP class
as a fixed effect, was performed for the follow-
ing pharmacokinetic parameters: the In-trans-
formed values for Cpax, AUCo,, 4, ti/2,, and
CL/F. For this analysis, Child-Pugh class A and
B patients were included from the open-label,
phase 3b study (1338M0633) [14]. The ratios of
the geometric least squares means and the cor-
responding 90% confidence intervals (Cls) were
estimated by exponentiating the differences in
means and the corresponding 90% CIs in the
logarithm.

Efficacy

The phase 1/2 and 3 studies assessed maximum
platelet count, maximum change from platelet
count from baseline, and the duration of pla-
telet count greater than or equal to 50 x 107/L.
In the phase 1/2 study, the number of platelet
transfusions received was summarized descrip-
tively, with no statistical testing performed
because of the small number of CP class C
patients. In the phase3 study, the primary
endpoint (avoidance of pre-procedure platelet
transfusion and avoidance of rescue therapy for
bleeding through 7 days after primary proce-
dure) was analyzed descriptively for the sub-
groups by CP class (class A, B, and C), with no
statistical testing performed because of the
small number of CP class C patients. Addition-
ally, a pooled analysis of CP class A/B and C
patients from the phase 1/2 and phase 3 trials
was conducted.

In the PMS, the proportion of patients who
did not require platelet transfusion was calcu-
lated, as well as the factors potentially affecting
effectiveness.

Safety

In the phase 1/2 and phase 3 study, adverse
events were reported according to Medical Dic-
tionary for Regulatory Activities (MedDRA) sys-
tem organ class and preferred term. Safety
analysis for the two studies and the PMS

included serious adverse events and thrombosis-
and embolism-related adverse events.

RESULTS

Patients

Five CP class C patients were included from the
phase 1/2 study, three from the phase 3 pivotal
study (L-PLUS 2), and 27 from the PMS. CP
class C patients from the phase 3 pivotal study
were CP class C at baseline, and were treated
despite eligibility criteria excluding CP class C
status. CP class C patients from the PMS were
also included in this report although
lusutrombopag is contraindicated in this pop-
ulation in Japan where the PMS is ongoing. The
median (range) baseline platelet counts for
patients in the phase 1/2 study, phase 3 study,
and the PMS were 40 x 10°/L (12-52 x 10°/L),
24 x 10°/L (19-44 x 10°/L), and 43.5 x 10°/L
(17-92 x 10°/L), respectively. All patients in the
phase 1/2 and phase3 studies received
lusutrombopag for 7 days. In the PMS, 25/27
patients received lusutrombopag for 7 days (1
patient received lusutrombopag for 4 days and 1
for 6 days). Baseline characteristics and demo-
graphics are shown in Table 1. In a pooled
analysis of the phase 1/2 and phase 3 trials,
median (range) age (class A/B, 60 years [19—-
81 years]; class C, 51 [31-74 years]) and baseline
platelet counts were comparable between
classA/B (41 x 10°/L; 13-59 x 10°/L) and
class C patients (39 x 10°/L; 12-52 x 10°/L
Table 2).

Pharmacokinetics

In the phase 1/2 CP class C study, Cpa.x was
lower for CP class C patients compared to CP
class A patients (geometric least squares mean
ratio, 0.715 [90% CI 0.543, 0.941]) and class B
patients (0.792 [0.597, 1.051], Table 3; Fig. S1 in
the supplementary material). This was also
observed for AUC,_, (geometric least squares
mean ratio, 0.793 [90% CI 0.589, 1.068] and
0.790 [0.582, 1.072], respectively, Table 3;
Fig. S1). However, the distributions of Cp,,x and
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Table 1 Demographics and baseline characteristics of

Child-Pugh class C patients

Phase 1/2* Phase 3 PMS

(n=5) (n=3) (n = 27)
Sex, 7 (%)
Male 1(200)  2(666) 18 (66.7)
Female 4 (80.0) 1 (33.3) 9 (33.3)
Age, years
Mean (SD) 62.0 (10.6) 38.0 (6.1) 63.6 (9.8)
Median 65 (50-74) 41 (31-42) 66 (42-79)
(range)
Disease f:tiologyIJ
HBV 0 2 (66.6) 2 (7.4)
HCV 2 (400) 0 8 (29.6)
Alcoholic 0 2 (66.6) 8 (29.6)
hepatitis
Non-alcoholic 1 (20.0) 0 7 (25.9)
hepatitis
Other 2(400) 0 3 (11.1)
Child-Pugh 10 (9-11) 10 (10-13) 11 (10-13)
score, median
(range)
Baseline platelet count (x 10°/L)
n 5 3 26
Mean (SD) 37.8 (15.5) 29.0 (13.2) 46.2 (16.2)
Median 40 (12-52) 24 (19-44) 43.5 (17-92)
(range)

HBYV hepatitis B virus, HCV hepatitis C virus, PMS post-
marketing surveillance, SD standard deviation

*One patient had Child—Pugh class B at enrollment, but as
a result of fluctuations in score and a medical history of
Child-Pugh class C disease, the patient was included in
the Child-Pugh class C analysis

PPatients may have had more than one etiology

AUC,_, values for individual patients over-
lapped among CP classes. Terminal half-life was
about 14h and 10h longer in CP classC
(49.7 h) than CP class A (36.2 h) and B (39.5 h),
respectively.

Table 2 Pooled analysis of demographics and baseline
characteristics in phase 1/2 and phase 3 trials by Child-
Pugh class

Class A/B Class C*
(n = 154) (n=8)
Sex, 7 (%)
Male 85 (55.2) 3 (37.5)
Female 69 (44.8) 5 (62.5)
Age, years
Mean (SD) 59.8 (11.8) 53.0 (15.1)
Median (range) 60 (19-81) 51 (31-74)
Disease ctiology”
HBV 26 (16.9) 2 (25.0)
HCV 91 (59.1) 2 (25.0)
Alcoholic hepatitis 25 (16.2) 2 (25.0)
Non-alcoholic hepatitis 15 (9.7) 1 (12.5)
Cholestatic hepatitis 5 (3.2) 1 (12.5)
Other 16 (10.4) 0
Child-Pugh score, 6 (5-9) 10 (9-13)
median (range)
Baseline platelet count (x 10°/L)
n 153 8
Mean (SD) 39.0 (8.3) 345 (14.4)
Median (range) 41 (13-59) 39 (12-52)

HBYV hepatitis B virus, HCV hepatitis C virus, SD stan-
dard deviation

*One patient had Child—Pugh class B at enrollment, but as
a result of fluctuations in score and a medical history of
Child-Pugh class C discase, the patient was included in
the Child-Pugh class C analysis

PPatients may have had more than one etiology

Efficacy and Effectiveness

The results for median maximum platelet count
(class A/B, 78 x 10°/L; classC, 73 x 10°/L),
median maximum increase from baseline
(class A/B, 38.5 x 10%/L; class C, 36.5 x 10°/L),
and the median duration of platelet count
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Table 3 Comparison of pharmacokinetic parameters of lusutrombopag in patients with CP class A, B, and C in the

phase 1/2 CP class C study

Geometric least squares mean

Geometric least squares mean ratio (90% CI)

Child-Pugh A Child-Pugh B Child-Pugh C

Child-Pugh C/

Child-Pugh C/

(n =8) (n=7) (n=5) Child-Pugh A Child-Pugh B
Cinax (ng/mL) 227 205 163 0.715 (0.543, 0.941)  0.792 (0.597, 1.051)
AUC,_, (ngh/mL) 4075 4092 3233 0.793 (0.589, 1.068)  0.790 (0.582, 1.072)
J. (L/h) 0.0191 0.0176 0.0139 0.729 (0.603, 0.880)  0.795 (0.655, 0.965)
t1)2.0 (h) 362 39.5 49.7 1.372 (1136, 1.657) 1259 (1.037, 1.528)
CL/F (L/h) 0.736 0.733 0.928 1.261 (0.936, 1.697) 1266 (0.933, 1.717)

CI confidence interval, C,,,, maximum concentration, AUC,_, area under the concentration—time curve, A, terminal

elimination rate constant, CL/F apparent total clearance, £/, terminal elimination half-life

Table 4 Pooled efficacy analysis of phase 1/2 and phase 3 trials by Child-Pugh class

Child-Pugh class A/B

Child-Pugh class C

Without PT With PT Total Without PT ~ With PT Total
(n = 112) (n = 42) (N = 154) (m=5) (n = 3) (N =8)
Maximum PC (x 10°/L)
Mean (SD)* 88.1 (25.6) 62.3 (23.4) 81.0 (27.5) 832 51.0 71.1
Median 865 (25-219)  59.5 (26-149) 78 (25-219) 85 (54-105) 52 (35-66) 73 (35-105)
(range)
Maximum PC increase from baseline (x 10°/L)
Mean (SD)  47.6 (24.4) 27.9 (19.5) 42.1 (24.7) 43.0 26.0 36.6
Median 45 (— 9 to 173) 225 (— 1 to 113) 385 (— 9 to 173) 45 (7-67) 23 (22-33) 365 (7-67)
(range)
Duration of PC increase > 50 x 10°/L (days)
n 110 42 152° 5 3 8
Median 210 (0-40.6) 6.1 (0-27.8) 17.6 (0-40.6) 161 (53-22.6) 0.5 (0-15.1) 14.6 (0-22.6)
(range)

PC platelet count, PT platelet transfusion, SD standard deviation
*Where » > 10
Two patients did not have duration of PC increase available
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Table 5 Efficacy endpoints in Child-Pugh class C patients in the phase 1/2, phase 3 studies, and post-marketing

surveillance
Phase 1/2 (n = S) Phase 3 (n = 3) PMS (n = 27)
No PT PT No PT PT No PT* PT
(n = 4) (m=1) (n=1) (n=2) (m = 23) (2 =3)
Maximum PC (x 10°/L)
Mean (SD)° 84.0 35.0 80.0 59.0 1016 (38.6) 533
Median (range) 88.5 (54-105) 35 80 59 91 (41-186) 53 (45-62)
Maximum PC increase
from baseline (x 10°/L)
Mean (SD) 39.8 230 560 275 53.6 (342) 207
Median (range) 42,5 (7-67) 23 56 27.5 (22-33) 45 (8-146) 16 (10-36)
Duration of PC increase > 50 161 (53-19.9) 04 14.1 7.8 (0.5-15.1) NA NA

x 10°/L (days), median (range)*

NA not available, PC platelet count, PMS post-marketing surveillance, SD standard deviation
*One patient who did not receive a PT with lusutrombopag did not have platelet count data available and was not included

in the analysis
"Where 7 > 10

“Time points in patients included in the PMS data set were not uniform; therefore, duration of PC increase is not available

9Patient’s maximum PC did not exceed 50 x 10°/L during treatment

increase (class A/B, 17.6 days; class C; 14.6 days)
for the patients in the pooled analysis of the
phase 1/2 and 3 trials, regardless of platelet
transfusion status, are shown in Table 4.

In the phase 1/2 study, four of five patients
who received lusutrombopag did not receive a
platelet transfusion. Among these patients, the
median (range) maximum platelet count was
88.5 x 10°/L (54-105 x 10°/L), with a median
(range) maximum increase of 42.5 x 10°/L
(7-67 x 10°/L). Platelet count remained at least
50 x 10°/L for a median 16.1 days (range
5.3-19.9 x 10°/L) (Table 5).

Of the three patients with CP class C who
received lusutrombopag in the phase 3 study,
one patient did not receive a pre-procedure
platelet transfusion and rescue therapy for
bleeding through 7 days after procedure and
responded to lusutrombopag treatment. The
patient had a maximum platelet count of
80.0 x 10°/L with a change of 56.0 x 10°/L

from baseline at day 12. The duration of platelet
count greater than or equal to 50 x 10°/L was
14.1 days (Table 5). The other two lusutrom-
bopag-treated patients received platelet trans-
fusions. The first of these two patients had a
baseline platelet count of 19 x 10°/L; at day 12,
the patient had a platelet count of 21 x 10°/L,
after which the patient was given a platelet
transfusion. Following platelet transfusion, the
maximum platelet count was 52 x 10°/L at
day 28 (max platelet count change, 33 x 10°/L);
the duration of platelet count greater than or
equal to 50 x 10°/L was 0.5 days. In the second
of these two patients, the baseline platelet
count was 44 x 10°/L; at day 10, the platelet
count was 49 x 10°/L, after which the patient
received a platelet transfusion. Following pla-
telet transfusion, the maximum platelet count
was 66 x 10°/L at day 12 (max platelet count
change, 22 x 10°/L), with a duration of platelet
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Table 6 Summary of TEAEs occurring in at least 5% of patients in the clinical trials

Phase 1/2 Phase 3 Overall
Child-Pugh Child-Pugh Child-Pugh Child-Pugh Child-Pugh
class C (n =5) class A/B classC (n =3) classC (2 =8) class A-C
(n = 152) (N = 160)
Any TEAE, 7 (%) 4 (80.0) 93 (612) 3 (100.0) 7 (87.5) 100 (62.5)
Procedural pain 0 25 (16.4) 0 0 (0) 25 (15.6)
Procedural 0 20 (13.2) 0 0 (0) 20 (12.5)
hypertension
Postoperative fever 0 19 (12.5) 0 0 (0) 19 (11.9)
Aspartate 0 12 (7.9) 0 0 (0) 12 (7.5)
aminotransferase
increased
Alanine 0 9 (5.9) 0 0 (0) 9 (5.6)
aminotransferase
increased
Ascites 0 533 1(33.3) 1 (12.5) 6 (3.8)
Blood bilirubin 1 (20.0) 5 (3.3 0 1 (125) 6 (3.8)
increased
Constipation 1 (20.0) 5 (3.3) 0 1 (12.5) 6 (3.8)
Diarrhea 1 (20.0) 4 (2.6) 0 1 (12.5) 5 (3.1)
Anemia 0 1(0.7) 2 (66.7) 2 (25) 3 (1.9)
Pleural effusion 1 (20.0) 2 (1.3) 0 1 (12.5) 3 (1.9)
Portal vein thrombosis 1 (20.0) 2 (1.3) 0 1 (12.5) 3 (1.9)
Pruritus 0 2 (1.3) 1(33.3) 1 (12.5) 3 (1.9)
Acute kidney injury 0 0 2 (66.7) 2 (25) 2 (1.3)
Chest pain 0 1(0.7 1(33.3) 1(12.5) 2 (1.3)
Hepatic 1 (20.0) 1(07) 0 1 (12.5) 2 (13)
encephalopathy
Acute hepatic failure 0 0 1(33.3) 1 (125 1 (0.6
Acute respiratory 0 0 1(33.3) 1 (12.5) 1 (0.6)
distress syndrome
Anal abscess 0 0 1(33.3) 1 (12.5) 1 (0.6
Cardiac arrest 0 0 1(33.3) 1 (12.5) 1 (0.6
Clostridium difficile 0 0 1(33.3) 1 (12.5) 1 (0.6)
colitis
Dyspnea 0 0 1(33.3) 1 (12.5) 1 (0.6)
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Table 6 continued

Phase 1/2 Phase 3 Overall
Child-Pugh Child-Pugh Child-Pugh Child-Pugh Child-Pugh
class C (n =5) class A/B class C (n =3) classC (z =8) class A-C
(n = 152) (N = 160)
Encephalopathy 0 0 1(33.3) 1 (12.5) 1 (0.6)
Fluid retention 0 0 1(33.3) 1(12.5) 1 (0.6)
Hematochezia 1 (20.0) 0 0 1 (12.5) 1 (0.6)
Mesenteric vein 1 (20.0) 0 0 1 (12.5) 1 (0.6)
thrombosis
Multi-organ failure 0 0 1(33.3) 1 (12.5) 1 (0.6)
Neutrophil count 1 (20.0) 0 0 1 (12.5) 1 (0.6)
decreased
Sepsis 0 0 1(33.3) 1 (12.5) 1 (0.6)

TEAE treatment-emergent adverse event

count increase greater than or equal to
50 x 10°/L of 15.1 days.

In the PMS, 24 of 27 patients did not receive
a platelet transfusion. In 23 patients who
received lusutrombopag without platelet trans-
fusion and had platelet count data available, the
mean maximum  platelet count  was
101.6 x 10°/L (range 41-186 x 10°/L) and the
mean maximum platelet count increase from
baseline was 53.6 x 10°/L (range 8-146 x 10°/
L) (Table 5). Duration of platelet count increase
was not available for patients in the PMS. Data
for the three patients who received platelet
transfusion are shown in Table S3 in the sup-
plementary material.

Safety

In both clinical studies and the PMS, all treat-
ment-emergent adverse events (TEAE) and seri-
ous adverse events were determined by the
study investigators or the reporting physicians
to be not related to lusutrombopag treatment.
In the phase1/2 and phase 3 trials, 80.0%
(n = 4) and 100.0% (n = 3) of CP class C patients
experienced at least one TEAE. In the phase 3
studies, 61.2% (n = 93) of CP class A/B patients

experienced at least one TEAE. No new safety
signals emerged in the CP class C cohort.
Among CP class C patients in the clinical trials,
all TEAEs occurred in one patient each, with the
exception of acute kidney injury and anemia,
which occurred in two patients each (Table 6).
In the PMS, adverse events occurred in 33%
(n = 9) of patients with CP class C, of which the
most common was pyrexia (n =4, 14.8%;
Table 7).

Increased transaminases were observed in a
minority of A/B patients from the phase 3 trial
and no CP class C patients from either the
phase 1/2 or phase 3 trials (Table 6). Similarly,
increases in transaminases were seen in both CP
class A/B (AST, 2.6% [n = 14]; ALT, 2.2% [n = 12])
and CP class C (AST and ALT, 3.7% [each n = 1])
patients from the PMS (Table 7). The proportions
of patients with increases in bilirubin between CP
class A/B in the phase 3 trials and CP class C
patients in the phase 1/2 study were 3.3% (n = 5)
and 20.0% (n = 1), respectively, although the
numbers are small and hence the percentages
should only be taken as observational (Table 6).
Hepatic encephalopathy and ascites, which are
associated with decompensated cirrhosis, were
infrequently observed in the phase 1/2 and 3
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Table 7 Summary of adverse events occurring in more than 2% of patients in the PMS
Child-Pugh Child-Pugh
Class A/B (n = 543) Class C (» = 27)

Any AE, 7 (%) 119 (21.9) 9 (33.3)
Pyrexia 23 (42) 4 (148)
Aspartate aminotransferase increased 14 (2.6) 1(3.7)
Alanine aminotransferase increased 12 (2.2) 1(3.7)
C-reactive protein increased 4(0.7) 1 (3.7)
Hepatic function abnormal 11 (2.0) 0
Hypoalbuminemia 4(0.7) 1 (37)
Hemoglobin decreased 3 (0.6) 1(37)
Pleural effusion 2 (0.4) 1 (3.7)
Hypoprothrombinemia 1(0.2) 1(3.7)
Intra-abdominal hemorrhage 1(0.2) 1(3.7)
Acute kidney injury 0 1 (37)
Constipation 0 1(3.7)
Decreased appetite 0 1(3.7)
Hepatic cirrhosis 0 1(3.7)
Edema due to hepatic disease 0 1(37)
Pain 0 1(37)
Peritonitis bacterial 0 1(3.7)
Red blood cell count decreased 0 1(37)
Portal vein thrombosis® 9 (1.7) 0

AE adverse event

*As an adverse event of special interest, portal vein thrombosis was included despite not reaching the threshold of 2% of
patients in either the Child-Pugh class A/B or C subsets of patients

trials, and did not appear to be different between
the CP class A/B and C populations (Table 6) [15].
A summary of additional adverse events in the
phase 1/2 and 3 trials and the PMS is shown in
Tables 6 and 7.

An adverse event of special interest was
observed in one CP class C patient who received
lusutrombopag in the phase 1/2 study and
subsequently experienced portal vein throm-
bosis (PVT) on day 20 of the study, which did
not resolve by the time of last follow-up
(day 35). This was considered non-serious and

unrelated to the study drug by the investigator
and no action was taken related to the event.
The thrombosis was not apparent on the day 3
diagnostic CT. The PVT was asymptomatic and
found by diagnostic CT imaging as per protocol.
Two additional cases of PVT occurred in CP
class A/B patients from the phase 3 trial; PVT
occurred in 1.7% (n=9) CP class A/B patients
from the PMS, but was not reported in any CP
class C patients (Tables 6 and 7). No thrombotic
adverse events were identified in CP class C
patients in the PMS data.

I\ Adis



4296

Adv Ther (2022) 39:4285-4298

DISCUSSION

Lusutrombopag, an orally active, second-gen-
eration, small molecule TPO-RA, has previously
been demonstrated to reduce the need for pla-
telet transfusion in patients with thrombocy-
topenia and CLD undergoing invasive
procedures [10, 11]. However, despite the need
for interventions for CP class C patients with
chronic liver disease-related thrombocytopenia,
there have been few analyses done in this pop-
ulation, necessitating post hoc descriptive
analyses such as the present study to evaluate
treatments in this underserved population.
Here, we provide the first evaluation of a TPO-
RA in a population of patients with CP class C
disease. In both clinical studies and the PMS,
patients with CP classC benefited from
lusutrombopag treatment, as evident in the
increase in platelet counts following treatment
and avoidance of the need for platelet transfu-
sion; treatment was safe and well tolerated with
no treatment-related adverse events. In CP
class A/B and class C patients from the phase 1/
2 and phase 3 trials, baseline platelet count
levels were comparable (CP class A/B, 39 x 10/
L [SD, 8.3 x 10°/L]; CP class C, 34.5 x 10°/L
[SD, 14.4 x 10°/L]) and platelet count for the
patients’ treatment with lusutrombopag was
increased (maximum platelet count,
81.0 x 10°/L [range 25-219 x 10°/L] and
71.1 x 10°/L [range 35-105 x 10°/L]; maxi-
mum change in platelet count from baseline,
42.1 x 10°/L [range —9 to 173 x 10°/L] and
36.6 x 10°/L [range 7-67 x 10°/L]).

In an analysis of hepatic impairment in the
phase 1/2 study, the observed C,,x in patients
with CP class C decreased relative to CP class A
(geometric least squares mean [GLS], 0.715) and
B (GLS, 0.792; Table 3). A similar decrease was
observed for AUC,_, (class A, GLS, 0.793; class B,
GLS, 0.790), consistent with past observations
in patients with a CP score of 9 or higher [12].
This indicates that the prolongation of the ter-
minal half-life does not translate into an
increased drug exposure, which would not call
for a change in dosing in CP class C patients and

adds reassurance to the safety data regarding
platelet overshoot and potential for PVT. How-
ever, individual Cy,x and AUC,_, overlapped
among CP classes.

Although the numbers in the phase 1/2 CP
class C study were small (n =5), there were no
reports of increased AST/ALT and one report of
an elevated bilirubin test; one patient had a PVT
that was considered non-serious and unrelated
to the study drug by the investigator. However,
when safety data were compared from the PMS,
which included 570 patients (CP class C, n = 27;
CP class A/B, n = 543), the findings were com-
parable, with no PVTs reported in the CP class C
patients. Additionally, among CP classC
patients, ascites occurred in one of the three
patients in the phase 3 trial and was not repor-
ted in the phase 1/2 trial or the PMS.

As the management of diagnostic and ther-
apeutic procedures in patients with thrombo-
cytopenia and CLD is a common issue faced by
physicians, these data present a valuable insight
into the treatment of patients with CP class C
disease undergoing a planned invasive
procedure.

A limitation of this study is the small sample
size. As such, these findings should be taken as
directional and confirmed by larger investiga-
tions in the future. Furthermore, the PMS data
has the same limitations common to all obser-
vational studies, including the fact that data
points were not necessarily obtained at the
same time for all patients, and some baseline
characteristics differed from the phase 1/2 and
phase 3 trials, which may limit interpretation of
the results.

CONCLUSION

This analysis suggests that lusutrombopag is
safe and efficacious as well as effective in raising
platelet counts in CP class C patients undergo-
ing planned invasive procedures. Given the
descriptive nature of analyzing the limited data
currently available, confirmatory trials should
be considered in the future.
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