Nomoto et al. BMC Gastroenterol (2020) 20:427
https://doi.org/10.1186/512876-020-01573-9 BMC Gastroenterology

RESEARCH ARTICLE Open Access

: : ®
Lusutrombopag is effective and safe o
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Abstract

Background: Chronic liver disease (CLD) is often complicated by severe thrombocytopenia (platelet count < 50,000/
uL). Platelet transfusion has been a gold standard for increasing the platelet count to prevent hemorrhagic events in
such patients. Lusutrombopag, a thrombopoietin receptor agonist, can increase the platelet count in such patients
when invasive procedures are scheduled. Former studies on lusutrombopag included patients with a platelet count
of >50,000/uL at baseline: the proportions of patients who did not require platelet transfusion were 84-96%, which
might be overestimated.

Methods: The efficacy and safety of lusutrombopag were retrospectively investigated in CLD patients with platelet
count of <50,000/uL, a criterion for platelet transfusion, in real-world settings. We examined the proportion of patients
who did not require platelet transfusion in 31 CLD patients, which exceeded a minimum required sample size (21
patients) calculated by 80% power at a significance level of 5%. Lusutrombopag, 3 mg once daily, was administered
8-18 days before scheduled invasive procedures.

Results: Among 31 patients who received lusutrombopag, 23 patients (74.2%) patients showed a platelet count

of >50,000/uL (Group A) and did not require platelet transfusion. The remaining 8 patients (25.8%) did not reached
platelet > 50,000/uL (Group B). The means of platelet increase were 38,000/uL and 12,000/uL in groups A and B,
respectively. A low platelet count at baseline was a characteristic of patients in group B. Among 13 patients who
repeatedly used lusutrombopag, lusutrombopag significantly increased the platelet count as the initial treatment.
When all repeated uses of lusutrombopag were counted among these 13 patients, platelet transfusion was not
required in 82.1% (23/28) of treatments. Although one patient showed portal thrombosis after lusutrombopag treat-
ment, the thrombosis was disappeared by anticoagulant treatment for 35 days. The degree of platelet increase with
lusutrombopag was larger than that in their previous platelet transfusion.

Conclusions: The proportion of patients who did not require platelet transfusion was 74.2%, which is smaller than
that in former studies which included CLD patients with a platelet count of > 50,000/uL. However, lusutrombopag is
effective and safe for CLD patients with a platelet count of < 50,000/L.
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Background Methods

Chronic liver disease (CLD) is frequently complicated Patients

by thrombocytopenia [1]. Indeed, 10% of patients with
cirrhosis show platelet counts of <50,000/pL [2], a cri-
terion for platelet transfusion when invasive procedures
are required [3]. In fact, these patients often have hepa-
tocellular carcinoma and gastrointestinal varices, which
require invasive therapeutic procedures, including radi-
ofrequency ablation and ligation/sclerotherapy, respec-
tively. These invasive procedures are associated with an
increased risk of bleeding events [4]. Thus, it is necessary
to increase the platelet count to prevent hemorrhagic
events.

Platelet transfusion has been a gold standard to
increase platelet count. However, platelet transfusion is
associated with several problems, including the risk of
unknown infection, allergic reaction and a shortage of
donors [5]. In addition, repeated platelet transfusion may
induce refractoriness to subsequent platelet transfusion.
Furthermore, the efficacy of platelet transfusion is likely
to be limited [1]. Thus, alternative methods to platelet
transfusion are required to resolve such problems.

In the USA, FDA approved two thrombopoietin recep-
tor agonists, avatrombopag and lusutrombopag, in
2018[6]. These thrombopoietin receptor agonists showed
favorable results to increase platelet count in clinical tri-
als [7-9]. In Japan, lusutrombopag was approved for CLD
patients with thrombocytopenia in 2015[10]. Japanese
real-world data demonstrated that 84-96% of patients
who received lusutrombopag treatment did not require
platelet transfusion before their scheduled invasive pro-
cedure [11-13]. In addition, the increase in the platelet
count achieved by lusutrombopag was superior to that
did by platelet transfusion [14]. Furthermore, in patients
who received lusutrombopag repeatedly, the increase in
the platelet count was similar to that in the initial treat-
ment [15, 16]. Adverse events related to lusutrombopag
were limited. Thus, lusutrombopag is now one of the
choices of treatment for increasing the platelet count in
CLD patients with thrombocytopenia.

Although lusutrombopag showed favorable effects in
CLD patients with thrombocytopenia, the real-world
data on lusutrombopag included patients with a platelet
count of>50,000/uL at baseline [11-13]; thus, some of
these patients would not have required platelet transfu-
sion [3]. We therefore investigated the efficacy and safety
of lusutrombopag in the real-world among patients
with platelet counts of<50,000/pL, which is generally
accepted as a criterion for platelet transfusion.

We performed a multicenter retrospective study from
April 2016 to November 2020. CLD patients with severe
thrombocytopenia (<50,000/puL) were enrolled in the
present study. The leading exclusion criteria were por-
tal vein thrombosis, lusutrombopag allergy, splenec-
tomy, partial splenic embolization before lusutrombopag
treatment and Child—Pugh class C. Lusutrombopag
(3 mg once daily [Mulpleta, Shionogi & Co., Ltd., Osaka,
Japan]) was started 8—18 days before a scheduled invasive
procedure. On day 5, lusutrombopag was discontinued
if the platelet count was>50,000/uL with an increase
of >20,000/uL. Lusutrombopag was continued 2 more
days when platelet count did not reach 50,000/uL. After
the administration of lusutrombopag for 5 or 7 days, the
platelet count was monitored every 2—4 days from day
5 to the day before the procedures and a couple of time
points after the procedures. Maximum platelet count
was noted between day 5 and the day before the proce-
dures. We divided the patients into two groups accord-
ing to the response to lusutrombopag: group A included
patients with a platelet counts of>50,000/uL before
the procedures; group B included patients with a plate-
let count of <50,000/puL before the procedures. Because
platelet count was maintained >50,000/uL until the day
before the procedure once the count reached > 50,000/uL
in all cases of group A, the patients in group A did not
require platelet transfusion before the invasive treatment.
In addition to lusutrombopag treatment, we investigated
the efficacy of platelet transfusion. When the platelet
count was<50,000/uL on the previous day of the pro-
cedure, 10 units of platelets (>2 x 10'!) were transfused
just before the invasive procedure. The platelet was also
counted on the next day after the procedure in cases of
platelet transfusion. Portal vein thrombosis was moni-
tored by abdominal ultrasonography and/or computed
tomography (CT). The albumin-bilirubin (ALBI) grade
and fibrosis-4 (FIB4) index were calculated according
to published formulas [17, 18]. The splenic volume was
measured on CT examinations using image processing
software (ziostation2, Ziosoft, Tokyo). The spleen volume
was automatically calculated after 3-dimensional imaging
of the spleen was reconstituted.

Statistical analyses

A minimum sample size calculated by 80% power at a sig-
nificance level of 5% was at least 21 patients. The results
were analyzed by the chi-squared test, Wilcoxon signed
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rank test, and univariate and multivariate logistic regres-
sion analyses. We performed multivariate analysis when
a p-value was<0.1 in univariate analysis. All statistical
analyses were performed using the Statal5 software pro-
gram (STATA Corporation, College Station, TX, USA).
p values 0of<0.05 were considered to indicate statistical
significance.

Results
The efficacy of lusutrombopag
Table 1 shows the characteristics of all 31 patients at
the first administration of lusutrombopag. There were
23 (74.2%) and 8 (25.8%) patients in groups A and B,
respectively. Group B was characterized by a male pre-
dominance, low platelet count at baseline, platelet
increase>20,000/uL, and a high splenic volume. How-
ever, there were no significant differences in age, duration
of lusutrombopag treatment, history of platelet trans-
fusion, Child—Pugh grade and score, ALBI score, FIB4
index or Mac-2 binding protein glycosylation isomer,
and the days from the staring lusutrombopag to the pro-
cedure between groups A and B. In addition, etiology is
unlikely to contribute to the effect of lusutrombopag.
Lusutrombopag significantly increased the platelet
count in all 31 patients with a mean increase of 31,000/
puL (p<0.01) (Fig. 1a, left panel). The degree of increase
in the platelet count in group A was larger than that in
group B (Fig. la, middle and right panels). In group
A, 87.0% (20/23) of the patients showed a platelet
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increase of>20,000/pL. In contrast, only 25.0% (2/8)
of the patients in group B showed a platelet increase
of >20,000/uL (Table 1). The days required to reach the
maximum platelet counts did not differ between groups
A and B. Among 8 patients in group B, 7 received plate-
let transfusions due to a low platelet count of < 50,000/puL,
even after lusutrombopag treatment (one patient failed to
receive a platelet transfusion). However, the increase in
the platelet count after platelet transfusion was not statis-
tically significant (Fig. 1b).

Factors that interfered with the achievement of a platelet
count of > 50,000 on lusutrombopag treatment

We identified factors that interfered with the achieve-
ment of a platelet count of >50,000/uL after the initia-
tion of lusutrombopag. A low platelet count and a high
splenic volume were identified as associated factors in a
univariate analysis (Table 2). A multivariate analysis dem-
onstrated that a low platelet count at baseline was signifi-
cantly associated with failure to achieve a platelet count
of >50,000/uL (Table 2). Indeed, all patients with a plate-
let count of < 30,000/uL failed to achieve a platelet count
of >50,000/pL after lusutrombopag treatment. Although
we tried to identify the factors that contribute to increase
of platelet count > 20,000 /uL from the baseline, no such
factors, including platelet count at baseline and splenic
volume, were identified in the univariate or multivariate
analyses (data not shown).

Table 1 The characteristics of patients who received lusutrombopag

All Group A Group B p-value
n 31 23 (74.2%) 8 (25.8%)
Male/female 21/10 13/10 8/0 0.0226
Age (years) 64.7+88 64.8+94 643+69 0.6838
Lusutrombopag 5/7 days 3/28 3/20 0/8 0.2712
History of platelet transfusion 15/31(48%) 10/23(43%) 5/8(63%) 0.3663
HCV/HBV/NASH/ALC/others 15/2/3/8/3 11/2/2/5/3 4/0/1/3/0
Child-Pugh A/B 17/14 12/11 5/3 0.6206
Child-Pugh score 6.7+13 6.7+13 6.6+15 0.7443
ALBI —2.06£0.62 —1.954+0.60 —239+£054 0.0947
FIB-4 13.24£4.55 13.214+5.02 13.334£2.80 0.8923
M2BPGi (COI) 10.03+5.28 1049+562 8.28+3.13 0.3373
TACE/RFA/EVL/EIS/others 14/7/4/1/5 11/6/2/0/4 3/1/2/1/1
Period until the procedure (day) 123+£19 123+£138 124+£22 0.8728
Platelet count (x WO4/pL)<3A5/35—45/45< 9/13/9 4/10/9 5/3/0
Baseline platelet count (x 10%/pL) 39407 42406 31+06 0.0010
Platelet increase > 2 x 10%/uL 22 (71%) 20 (87%) 2 (25%) 0.000802
Splenic volume (mL) 694 +321 6154280 922+322 0.0254

HCV hepatitis C virus, HBV hepatitis B virus, NASH non-alcoholic steatohepatitis, ALC alcohol, ALBI albumin-bilirubin, FIB-4 fibrosis-4, M2BPGi mac2 binding protein
glucosylation isomer, TACE transcatheter arterial chemoembolization, RFA radiofrequency ablation, EVL endoscopic variceal ligation, EIS endoscopic injection

sclerotherapy
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Repeated use of lusutrombopag produced the initial
response

Because multiple invasive procedures were often
needed for patients with liver cirrhosis, lusutrombopag
was repeatedly used in 13 patients; 10 patients of these
patients received lusutrombopag 3 or more times. The
maximum use was 5 times in one patient. The intervals

of the use ranged from 35 to 781 days (median 166 days).
The 2nd use of lusutrombopag significantly increased the
platelet count in all 13 patients (p<0.01) (Fig. 2a) and
group A (p<0.01) (Fig. 2b). The response to lusutrom-
bopag in group B was similar to the initial response
(Fig. 2¢). Although the maximum platelet count tended
to be higher in the 2nd treatment in group A, the
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Table 2 Factors that interfere with

count > 50,000/pL

platelet

Univariate analysis Multivariate analysis

OR (95% Cl) p-value OR (95% Cl) p-value

Age 1.01(0.92-1.10) 0.873

Child-Pugh 1.07 (0.58-1.95) 0.837

score

ALBI 3.70(0.79-174) 0.098 297 (044-19.8) 0.26
FIB-4 0.99(0.83-1.19) 0.949

Platelet count 12.8(2.01-81.4) 0.007 114 (1.21-107) 0.034
Splenic volume 00 (1.00-1.00) 0.040 1.0 (1.00-1.00) 0.72

ALBI albumin-bilirubin, FIB-4 fibrosis-4

difference was not statistically significant. We also inves-
tigated 10 patients who received lusutrombopag 3 or
more times. In 10 patients, the response to the 3rd treat-
ment was similar to that to the 2nd treatment (Fig. 2d);
this was observed in groups A (Fig. 2e) and B (Fig. 2f). Of
note, the mean platelet count was>50,000 /uL at the 3rd
treatment in group B, which was in contrast to the initial
and 2nd treatments (Fig. 2f). In 4 patients who received
lusutrombopag 4 or more times, the 4th and 5th treat-
ments increased the platelet count as much as the initial
treatment (data not shown). When all repeated uses of
lusutrombopag were counted among these 13 patients,
platelet transfusion was not required in 82.1% (23/28) of
treatments. Patients in group A did not require platelet
transfusion in their repeated uses of lusutrombopag. In
addition, 50% (5/10 treatments) did not require platelet
transfusion in group B.

Sustained virologic response (SVR) increased baseline
platelet count in patient with hepatitis C virus (HCV)
infection

In one patient in group B, the platelet count restored
to>50,000/uL following lusutrombopag treatment after
the successful eradication of HCV, which was deter-
mined by SVR for 24 weeks after the end of treatment
(a combination of direct acting antivirals); although the
first administration of lusutrombopag soon after an SVR
failed to increase the platelet count to>50,000/uL, the
2nd to 5th treatments succeeded in increasing platelet
count to>50,000/pL. Thus, we investigated the effect of
HCYV infection on platelet counts. Among 15 patients
with chronic HCV infection, 7 received lusutrombopag
after achieving an SVR. We noted that 2 patients showed
a platelet count of>50,000/uL at baseline after achiev-
ing an SVR. Because the platelet count at baseline was
a factor that predicted the response to lusutrombopag
(Table 2), we compared the platelet count at baseline and
the splenic volume before and after achieving an SVR.
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The platelet count at baseline significantly increased
after achieving an SVR (p <0.05) (Fig. 3a). In contrast, the
platelet count in the non-SVR group tended to decrease
during the study period (Fig. 3b). The splenic volume was
not associated with the SVR (Fig. 3c, d).

Safety of lusutrombopag

One patient showed portal thrombosis after lusutrom-
bopag treatment. The platelet count was 63,000/uL when
the thrombosis was noted at the procedure. However,
the thrombosis disappeared after treatment with an
antithrombin III product for 5 days and pivaroxaban for
30 days. Lusutrombopag was well tolerated and no symp-
tomatic adverse effects were observed during its adminis-
tration of lusutrombopag. No hemorrhagic complications
occurred during or after the procedure in any group.

The effect of platelet transfusion on the increase

of the platelet count

Finally, we investigated the effects of platelet transfu-
sion in the past. Among 31 patients enrolled in the pre-
sent study, 15 patients (48.4%) had experienced platelet
transfusion due to platelet count of<50,000/uL before
lusutrombopag was approved. Platelet transfusion was
performed approximately 3 years before lusutrombopag
treatment. Although platelet transfusion significantly
increased the platelet count in comparison to baseline
(p<0.05), the mean increase was 4,000/uL (Fig. 4, left
panel). There were 10 and 5 patients who had a history of
platelet transfusion in groups A and B, respectively. The
increase in the platelet count by platelet transfusion was
small in both groups (Fig. 4, middle and right panels).
Among the 15 patients underwent platelet transfusion
in the past, 10 patients (66.7%) could proceed to invasive
procedures without platelet transfusion after lusutrom-
bopag treatment. These data indicate that the ability of
platelet transfusion to increase the platelet count is lim-
ited in patients with platelet counts of<50,000/uL. In
addition, platelet transfusion in the past did not influence
to the effect of lusutrombopag.

Discussion
In the present study, 74.2% of patients who received
lusutrombopag treatment could avoid platelet transfu-
sion before invasive procedures. In addition, the repeated
use of lusutrombopag showed similar efficacy to the ini-
tial treatment. Furthermore, no serious adverse events
were observed during or after lusutrombopag treatment.
Thus, lusutrombopag was considered effective and safe
for CLD patients with a platelet count of < 50,000/uL.
Although platelet transfusion has traditionally per-
formed to increase platelet counts, we have little infor-
mation on the platelet count increase in patients with
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liver cirrhosis. Tripodi et al. reported that platelet trans-
fusion increased the peripheral platelet count by 13,000/
pL in patients with liver cirrhosis [19]. In the present
study, the increase in platelet was 4,000/uL by plate-
let transfusion before lusutrombopag became available.
One of the differences between Tripodi’s study and our
study was the time point at which platelets were counted.
Tripodi et al. performed the count 1 h after platelet trans-
fusion whereas we did it on the next day after platelet
transfusion. In addition, the amounts of platelets trans-
fused differed, with >3 x 10! platelets in Tripodi’s study
and >2 x 10" platelets transfused in our study. Hirooka
et al. reported that only 5% (1/20) patients who received
10 units (>2 x 10M) of platelets showed a platelet count
of >50,000/uL [20]. These data indicate that it is diffi-
cult to increase number of platelets to a sufficient level
by standard platelet transfusion in patients with liver
cirrhosis.

Real-world data showed that 84-96% of patients
could avoid platelet transfusion in Japan [11-13]. How-
ever, these studies included patients with a platelet
count of>50,000/uL at baseline. Because the charac-
teristics of patients were reported to be a low platelet
count at baseline in whom lusutrombopag failed to
increase a platelet count of>50,000/uL [11, 20], it is
reasonable that our study showed a relatively low rate
in avoiding platelet transfusion. In clinical trials that
restricted enrollment to patients with a platelet count

Fig. 4 The effect of platelet transfusion on the platelet count before lusutrombopag was available (all, n=15, left panel, group A, n=10, group B,
n=>5).*p<0.05, n.s not significant, PTF platelet transfusion
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of <50,000/uL at baseline, 72.5-79.2% of patients
avoided platelet transfusion. In addition, 14.6—34.1% of
patients had a platelet count of <35,000/uL at baseline
[8, 9]. The present study restricted the enrolled patients
to those with a platelet count of < 50,000/uL at baseline;
74.2% of the patients avoided platelet transfusion and
29.0% of the patients had a platelet count of < 35,000/
pL at baseline. Thus, the present study reproduced the
results of clinical studies in the real-world setting.

Our study included 13 patients who used lusutrom-
bopag two or more times, and the repeated use of
lusutrombopag was found to be effective and safe.
Although the 2nd use of lusutrombopag tended to
increase the platelet count in comparison to the first
treatment, this may depend on the day when platelets
were counted. In the first lusutrombopag treatment
between 2016 and 2017, we performed invasive pro-
cedures at approximately 8—12 days after the initia-
tion of lusutrombopag treatment. In the repeated use
of lusutrombopag after 2018, the procedures were per-
formed at approximately 13—18 days after the initiation
of lusutrombopag. This suggests that the platelet count
was determined before it reached the maximum level in
the earlier cases (2016-2017).

We noted that the 3rd lusutrombopag treatment
increased mean platelet count to > 50,000/uL in group
B, in which platelet count was <50,000/uL at the first
lusutrombopag treatment. There were patients with
chronic HCV infection who achieved an SVR in group
B. Indeed, the baseline platelet count was significantly
elevated in 7 patients after the achievement of an SVR
in both groups A and B. Ishizu et al. reported that an
SVR can increase the platelet count by reducing the
splenic volume [21]. However, the mean splenic vol-
ume did not decrease, even after the achievement of
an SVR in the present study. In fact, the splenic vol-
ume increased in 71.4% (5/7) of the patients who had
achieved SVR in the present study, with the exception
of two patients with relatively small splenic volumes.
This discrepancy may have been due to the difference
in the splenic volume at baseline. The medians splenic
volume in the present study was 656 mL, while that in
Ishizu’s study was 242 mL [21]. Thus, other mechanisms
accounted for the increased platelet count in group B
patients who received repeated treatment. There are
several mechanisms by which HCV infection reduces
platelet count, including bone marrow suppression and
immune dysfunction [22]. In fact, patients with a non-
SVR tended to show decreased platelet count during
the study period. Although we did not examine detail
mechanisms related to HCV infection in the present
study, the status of HCV infection seemed to alter the
response to lusutrombopag.
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Although one patient showed portal thrombosis after
lusutrombopag treatment, the thrombosis was disap-
peared by anticoagulant therapy. Because the maximum
platelet count after lusutrombopag treatment was 63,000/
pL in that patient, we considered coagulopathy related
to liver cirrhosis also contributed to the development of
portal thrombosis. However, we have to pay attention to
the portal thrombosis.

Conclusion

The proportion of patients who did not require platelet
transfusion was 74.2%, which is smaller than that in for-
mer studies which included CLD patients with a plate-
let count of>50,000/uL. However, lusutrombopag is
effective and safe for CLD patients with a platelet count
of <50,000/pL. Thus, using lusutrombopag, we can per-
form invasive procedures without platelet transfusion in
the majority of patients with severe thrombocytopenia.
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