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Background: The thrombopoietin (TPO) receptor agonist lusutrombopag was developed to treat throm-

bocytopenia in chronic liver disease (CLD). However, its effectiveness remains unclear. The purpose of

this study was to assess the efficacy of lusutrombopag and identify predictors associated with increase

in platelet count.

Methods: Eighty CLD patients with thrombocytopenia were enrolled. The primary endpoint was a sat-

isfactory increase in platelets (greater than 1.0 × 104/μL from baseline) in the absence of platelet transfu-

sion. The secondary endpoints were response rate (an increase of greater than 1.0 × 104/μL from base-

line), independent predictors of increase in platelets, and the superiority of lusutrombopag over platelet

transfusion.

Results: The primary endpoint was achieved in 93.8% (75 of 80) patients. The response rate was 96.2%

(77 of 80). Renal function parameters (blood urea nitrogen, creatinine, eGFR) were significantly nega-

tively associated with platelet count (p = 0.033, 0.049, and 0.0014, respectively) and were identified as

independent predictors by multiple regression analysis (p = 0.049, 0.0023, and 0.0016, respectively). The

median increase in platelet count was significantly higher after lusutrombopag than after platelet trans-

fusion (41,000 vs. 12,000/μL, p = 0.015).

Conclusion: Lusutrombopag was more effective than platelet transfusion for CLD patients, and renal

function independently predicted increase in platelet count. Renal function parameters were signifi-

cantly associated with platelet count. (J Nippon Med Sch 2020; 87: 325―333)
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Introduction

Thrombocytopenia is present in about 80% of patients

with chronic liver disease (CLD)1,2. Hepatocellular carci-

noma and esophageal/gastric varices frequently develop

in CLD patients and require invasive treatments such as

radiofrequency ablation (RFA), transcatheter arterial

chemoembolization (TACE), endoscopic injection scle-

rotherapy (EIS), and endoscopic variceal ligation (EVL).

Although active bleeding sometimes occurs in CLD pa-

tients with thrombocytopenia3, there are no clear criteria

for platelet transfusion in such cases. Moreover, platelet

transfusion carries the risk of viral infection and allergic

or nonhemolytic reaction4,5. The increase in platelet count

is often insufficient in CLD patients, even after a large

transfusion. Moreover, transfusion is contraindicated in

platelet-refractory patients. Branched-chain amino acid-

enriched nutrients can increase platelet count in CLD pa-

tients, but the effect is limited6. Although thrombopoietin

(TPO) receptor agonists are approved for use in patients

with idiopathic thrombocytopenic purpura7,8, eltrom-

bopag and romiplostim have not yet been approved for

use in CLD patients, because of the risk of thromboem-
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bolic side effects9. Lusutrombopag was recently approved

for use in CLD patients with thrombocytopenia in Ja-

pan10, and both lusutrombopag and avatrombopag have

been approved for use in the United States11. Lusutrom-

bopag operates on the transmembrane domain of human

TPO receptors and induces platelet production12,13. A

phase 2B study in Japan showed that lusutrombopag 3

mg given daily for 7 days increased platelet counts in 46

CLD patients with severe thrombocytopenia10, and lusu-

trombopag is now used for treatment of thrombocy-

topenia in CLD worldwide.

Unfortunately, few studies have examined the effec-

tiveness of lusutrombopag. Therefore, we investigated

whether administration of lusutrombopag sufficiently in-

creased platelet count in a large sample of CLD patients.

Factors associated with increased platelet count after

treatment with lusutrombopag were identified, and the

effectiveness of lusutrombopag and platelet transfusion

was compared.

Patients and Methods

Study Design and Patient Selection

The primary endpoint of this observational study lusu-

trombopag effectiveness, ie, the proportion of cases with

a satisfactory increase in platelet count (an increase

greater than 1.0 × 104/μL from baseline) in the absence of

platelet transfusion. The secondary endpoints were 1) the

number of days required to reach maximum platelet

count after administration; 2) the proportion of respond-

ers (response was classified as strong: increase of >4.0 ×

104/μL from baseline; good, increase of 2.0-4.0 × 104/μL;

fair, increase of 1.0-2.0 × 104/μL; or weak, increase of <1.0

× 104/μL) and response rate showed an increase of

greater than 1.0 × 104/μL from baseline; 3) predictors as-

sociated with increased platelet count; 4) comparison of

lusutrombopag and platelet transfusion in relation to in-

crease in platelet count, and; 5) adverse events (AEs).

Thromboembolic events were evaluated by ultra-

sonography, computed tomography, or magnetic reso-

nance images obtained 10 to 14 days after the start of

lusutrombopag. Severity of AEs was classified according

to the Common Terminology Criteria for Adverse Events

V4.0 (grade 1-4). On the day of invasive treatment or ex-

amination, platelet transfusion was not performed for pa-

tients with a platelet count greater than 10.0 × 104/μL but

was always performed if the platelet count was less than

5.0 × 104/μL. In patients with a platelet count between

5.0 × 104/μL and 10.0 × 104/μL, the necessity of a platelet

transfusion was decided after assessing the risk of bleed-

ing in the patient or the invasiveness of the treatment to

be performed.

The study protocol was approved by the Clinical Re-

search Ethics Committee of Tokyo Medical University

(Approval number: 2018042) and conformed to the prin-

ciples of the Helsinki Agreement. Written informed con-

sent was obtained from all patients before their participa-

tion in the study. The study was registered at the Univer-

sity Hospital Medical Information Network Center in Ja-

pan (UMIN ID: 000032777).

The inclusion criteria were age 20 years or older, CLD

accompanied by thrombocytopenia (platelet count, <10.0

× 104 μL), and scheduled invasive treatment or examina-

tion. The exclusion criteria were history of thrombosis,

refractory hepatic encephalopathy, Child-Pugh class C,

and high bilirubin level (>5 mg/dL). Invasive treatment

or examination was defined as RFA, TACE, EIS, EVL,

balloon-occluded retrograde transvenous obliteration, en-

doscopic mucosal resection, dental treatment, or surgical

treatment. These invasive examinations and treatments

were performed between 10 and 16 days after the start of

drug treatment. Lusutrombopag 3 mg was administered

daily for 7 days, and blood testing was performed on

days 5-7 and days 10-6 before invasive treatment. Ulti-

mately, 80 CLD patients scheduled for invasive treatment

(or examination) were enrolled in this observational

study (Table 1).

Statistical Analysis

The required sample size was determined after review-

ing the results of an earlier study10. The statistical soft-

ware used was EZR (Easy R) version 1.27 (Saitama Medi-

cal Center, Jichi Medical University, Japan). In the previ-

ous report, 20.0% of patients did not require platelet

transfusion in the placebo group, while 81.3% of those

receiving 3 mg/day lusutrombopag group did. Therefore,

in the present study, assuming an α-error of 0.05 and a

power of 0.80, the required sample size was 26 patients.

Moreover, assuming a response rate of 81.3% and a confi-

dence interval width (difference) of less than 0.2, the re-

quired sample size was 62 patients. Initially, 82 CLD pa-

tients with thrombocytopenia were deemed eligible to

participate in the study. Two of these patients were sub-

sequently hospitalized elsewhere, however, for treatment

of another illness. The final analysis thus included 80 pa-

tients (Table 1).

Other analyses were performed with SPSS 25.0J soft-

ware (SPSS Inc., Chicago, IL, USA). Values are expressed

as median and range. The Mann-Whitney U-test was

used to compare patient blood results. The chi-square
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Table　1　Baseline patient characteristics

Characteristics All patients (n = 80)

Age, yr (median, range) 67.5 (36-86)

Male, n. (%) 56 (70)

Cause (HBV/HCV/ALC/NASH/other) 3/33/23/9/12

Disease (HCC/EV/GV/other) 43/19/4/14

Treatment (EIS/TACE/RFA/other) 21/19/22/18

Blood test results before lusutrombopag treatment

Platelets (× 104/μL) 6.1 (1.4-9.3)

PT-INR 1.1 (0.8-2.7)

AST (IU/L) 41 (15-184)

ALT (IU/L) 29 (7-253)

Total bilirubin (mg/dL) 1.0 (0.4-3.9)

Albumin (g/dL) 3.6 (2.2-4.4)

BUN (mg/dL) 15.9 (4.3-58.0)

Creatinine (mg/dL) 0.8 (0.4-9.4)

eGFR (mL/min/1.73 m2) 73.4 (4.8-161.7)

Child-Pugh (A/B/C) 66/14/0

Child-Pugh score 5.0 (5.0-9.0)

History of platelet transfusion, n. (%) 10 (12.5)

Spleen index 25.6 (9.9-50.2)

Data are expressed as median and range.

yr = years, HBV = hepatitis B virus, HCV = hepatitis C virus, ALC = alco-

holic hepatitis, NASH = nonalcoholic steatohepatitis, HCC = hepatocellular 

carcinoma, EV = esophageal varices, GV = gastric varices, EIS = endoscopic 

injection sclerotherapy, TACE = transcatheter arterial chemoembolization, 

RFA = radiofrequency ablation, AST = aspartate aminotransferase, ALT = 

alanine aminotransferase, BUN = blood urea nitrogen, eGFR = estimated 

glomerular filtration rate

test was used for comparison between sexes. Factors as-

sociated with an increase in platelet count were identified

by using Spearman rank correlation coefficients. Further-

more, significant factors were analyzed by multiple re-

gression analysis. Factors that predicted resistance to

lusutrombopag (cases in which platelet count did not in-

crease by more than 1.0 × 104/μL from baseline) were

identified by Cox proportional regression analysis. A p-

value of <0.05 was considered to indicate a statistically

significant difference.

Results

Primary Efficacy Endpoints

A total 78 of 80 patients (97.5%) did not require plate-

let transfusion, and platelet count increased by more than

1.0 × 104/μL from baseline in 77 of 80 (96.3%) patients.

Accordingly, 75 of 80 patients (93.8%) met both efficacy

criteria (Fig. 1a).

Secondary Efficacy Endpoints

The median number of days (range) required to reach

maximum platelet count after commencement of admini-

stration of lusutrombopag was 14 (7-22), and the median

number of days to sustained effectiveness (an increase in

platelet count greater than 1.0 × 104/μL from baseline) of

lusutrombopag after starting medical treatment was 19

(5-58). The median duration of sustained effect of lusu-

trombopag after reaching maximum platelet count was 9

days (3-34) and a sufficient platelet increase was ob-

tained. The median value was 4.9 × 104/μL (−0.3 to 30.1)

(Table 2, Fig. 2).

Response was classified as strong in 49 of 80 patients

(61.3%), good in 20 of 80 (25%), fair in 8 of 80 (10.0%),

and weak in 3 of 80 (3.8%)(Fig. 1b). The rate of response,

ie, an increase greater than 1.0 × 104/μL from baseline,

was 96.2% (77 of 80). Three patients with a weak re-

sponse did not receive platelet transfusion before inva-

sive treatment (Fig. 1a, 1b), because their baseline plate-

let counts were relatively high (7.1, 8.1, and 8.6 × 104/μL)

(Table 3). In these patients, no bleeding occurred after in-

vasive treatment.

Correlations between increase in platelet count and

blood testing variables were investigated (Table 4). Cor-

relations between increase in platelet count and spleen

index score, as determined by abdominal ultrasonogra-
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Fig. 1a Patients meeting primary endpoint

The primary endpoint of this observation study was the 

proportion of cases satisfying the following criteria: a suffi-

cient platelet increase (increase greater than 1.0 × 104/μL 

from baseline) in the absence of platelet transfusion. Two 

patients required platelet transfusion, and platelet count 

did not increase by more than 1.0 × 104/μL from baseline 

in 3 patients. Both criteria were met in 75 of 80 patients 

(93.8%).

Cases requiring platelet transfusion (2/80 cases)

Cases of which platelet 
count did not sufficiently
increase from baseline
(3/80 cases)

Primary endpoint
93.8 % (75/80 cases)

Fig. 1b Proportion of responders to all patients

The proportions of responders are shown. Response was 

classified as strong (increase of >4.0 × 104/μL from base-

line) in 49 of 80 patients (61.3%), good (increase of 2.0-4.0 × 

104/μL) in 20 of 80 (25%), fair (increase of 1.0-2.0 × 104/μL) 

in 8 of 80 (10.0%), and weak (increase of <1.0 × 104/μL) in 3 

of 80 (3.8%).

Remarkable
Good
Fair
Weak

61.3% 
(49/80 cases)

25.0% 
(20/80 cases)

10.0% 
(8/80 cases)

3.8% 
(3/80 cases)

Table　2　Effect after lusutrombopag treatment

Median number (range)

Interval to maximum platelet count after start of lusutrombopag, days 14 (7 - 22)

Duration of effect after start of lusutrombopag treatmenta), days 19 (5 - 58)

Duration of lusutrombopag effect after reaching Max PLT count, days  9 (3 - 34)

Increase in PLT count (/μL) 4.9 × 104 (–0.3 - 30.1)

a) With platelet count increasing by more than 1.0 × 104/μL from baseline.

Max: maximum, PLT: platelet

phy, were also investigated. Blood urea nitrogen (BUN),

creatinine, and estimated glomerular filtration rate

(eGFR) were significantly correlated with increase in

platelet count (p = 0.047, 0.099, and <0.001, respectively).

In multiple regression analysis, these factors were signifi-

cantly independently associated with increase in platelet

count after the start of lusutrombopag (p = 0.049, 0.0033,

and <0.001, respectively) (Table 4).

Patients were divided into 2 groups, in relation to re-

sponse to lusutrombopag (strong/good/fair vs. weak), to

identify predictors associated with nonresponse to the

drug (Table 3). Univariate analysis revealed significant

differences between groups in platelet count, aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

and albumin values before the start of lusutrombopag (p

= 0.018, 0.03, 0.02, and 0.018, respectively). Significant

differences were also observed in AST and ALT values

after the start of lusutrombopag (p = 0.028 and 0.022, re-

spectively). However, multivariate analysis showed no

significant difference in these factors.

Ten patients had previously undergone platelet trans-

fusion. The increase in platelet count was compared for

platelet transfusion and lusutrombopag treatment in

these patients. After platelet transfusion, median platelet

count increased by just 12,000/μL (from 41,000 to 55,000/

μL), and there was no significant difference before and

after transfusion (p = 0.059). In patients receiving lusu-

trombopag, however, the median significantly increased

from 42,500 to 76,000/μL (p = 0.0051). This increase in

platelet count was significantly greater than that after

platelet transfusion (p = 0.015) (Fig. 3).

Analysis of AEs showed no portal venous thrombosis

in any patient. The incidence of AEs was 12.5% (10/80

patients), and AEs comprised abdominal pain, headache,

constipation, itch, cough, palpitation, and hypertension.

No severe AEs were observed (Table 5).
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Fig. 2 Time course of platelet count after lusutrombopag 

administration

Data are medians.

Median number of days to maximum platelet 

count after starting lusutrombopag was 14 (7-22); 

the median number of days to the end of effect 

(platelet increase of more than 1.0 × 104/μL from 

baseline) was 19 (5-58). Median duration of effect 

after maximum platelet count was 9 days (3-34). 

The median increase in platelet count was 4.9 × 

104/μL (−0.3 to 30.1) (Table 2).

104/μL
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Table　3　Treatment resistance factors to lusutrombopag

Characteristics
Responder 

(Strong + Good + 
Fair group, n = 77)

Nonresponder 
(Weak group, n = 3)

Mann-Whitney 
U-test p-value

Cox 
proportional 

hazards 
p-value

Blood test - before Lusutrombopag

Platelets (× 104/μL) 5.9 (1.4-9.3) 8.1 (7.8-8.6) 0.018 0.97

PT-INR 1.09 (0.81-2.7) 1.01 (0.99-1.03) 0.137

AST (IU/L) 41 (15-184) 73 (65-73) 0.030 0.98

ALT (IU/L) 27 (7-253) 61 (61-70) 0.020 0.98

Total bilirubin (mg/dL) 0.97 (0.35-3.87) 0.76 (0.46-0.95) 0.20

Albumin (g/dL) 3.6 (2.2-4.4) 2.9 (2.6-3.0) 0.018 0.97

BUN (mg/dL) 16 (4.3-58.0) 10.9 (10.7-20.0) 0.543

Creatinine (mg/dL) 0.79 (0.35-9.4) 0.68 (0.65-1.2) 0.86

eGFR (mL/min/1.73 m2) 73.1 (4.8-161) 90.0 (45.0-92.7) 0.80

Blood test - after Lusutrombopag

PT-INR 1.09 (0.89-2.2) 1.01 (0.98-1.1) 0.20

AST (IU/L) 41 (18-428) 87 (55-93) 0.028 0.97

ALT (IU/L) 27 (10-367) 59 (53-60) 0.022 0.97

Total bilirubin (mg/dL) 0.89 (0.31-4.1) 0.70 (0.63-1.3) 0.72

Albumin (g/dL) 3.5 (2.4-4.4) 3.0 (2.5-3.4) 0.096

Spleen Index (cm2) 25.9 (9.9-50.2) 24.1 (20.2-21.6) 0.20

Data are expressed as median and range. The Mann-Whitney U-test was used to compare values in univariate analysis. Cox 

proportional hazard regression analysis was performed as multivariate analysis. A p-value of <0.05 was considered to indi-

cate a statistically significant difference.

AST = aspartate aminotransferase, ALT = alanine aminotransferase, BUN = blood urea nitrogen, eGFR = estimated glomer-

ular filtration rate

Discussion

Thrombocytopenia can lead to serious complications in

CLD patients. Massive bleeding is frequently observed

during invasive treatment and increases the interval to

recovery of hemostasis14. There is no consensus, however,

on the appropriate platelet count in CLD patients with

thrombocytopenia. In Japan, platelet transfusion tends to

be performed for patients with a platelet count less than

5.0 × 104/μL, but this cut-off value is controversial. One

study reported that 10 of 32 (32%) patients with a plate-

let count less than 7.5 × 104/μL had procedure-related

bleeding3. Moreover, bleeding from esophageal varices

was seen even in patients with a platelet count greater

than 10.0 × 104/μL15. In the past, the standard approach

was to perform platelet transfusion in such patients.

However, transfusion failure occurred at least once in

49.6% of such patients, and such failure is considered a

clinical marker of bleeding and worse patient survival16.

Moreover, prophylactic platelet transfusion induced side

effects such as lung injury, sepsis, bacteria contamination,

and ABO-incompatible transfusion and a large increase

in treatment costs5,17,18. This explains why an alternative

has been sought to increase platelet count in CLD pa-

tients scheduled to undergo repeated invasive treatment.

In the ELEVATE study, the effectiveness of administer-

ing the TPO receptor-agonist eltrombopag for 14 days in

CLD patients with thrombocytopenia was prospectively
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Table　4　Correlation between increase in platelet count from baseline and each factor

Factors (n = 80)
Spearman correlation 

coefficient (r)
p-value

Multiple regression 
analysis p-value

Blood test - before lusutrombopag

White blood cell (/μL) 0.12 0.30

Hemoglobin (g/dL) –0.13 0.24

Platelets (× 104/μL) 0.008 0.95

PT-INR –0.091 0.43

AST (IU/L) 0.080 0.48

ALT (IU/L) 0.13 0.27

Total bilirubin (mg/dL) 0.0003 0.99

Albumin (g/dL) –0.11 0.34

BUN (mg/dL) 0.22 0.047 0.049

Creatinine (mg/dL) 0.19 0.099 0.0033

eGFR (mL/min/1.73 m2) –0.36 < 0.001 < 0.001

Ammonia (μg/dL) –0.005 0.97

Child-Pugh score 0.058 0.61

Blood test - after lusutrombopag

PT-INR –0.16 0.15

AST (IU/L) 0.17 0.14

ALT (IU/L) 0.031 0.79

Total bilirubin (mg/dL) –0.072 0.52

Albumin (g/dL) –0.14 0.23

Spleen Index (cm2) –0.20 0.082

Correlations of increase in platelet count with each variable were investigated. Spearman cor-

relation coefficients are expressed as r values. Multiple regression analysis was performed as 

multivariate analysis. A p-value of <0.05 was considered to indicate a statistically significant 

difference.

AST = aspartate aminotransferase, ALT = alanine aminotransferase, BUN = blood urea nitro-

gen, eGFR = estimated glomerular filtration rate

investigated in a multicenter, double-blinded, placebo-

controlled phase 3 trial. In that study, 72% of patients did

not require platelet transfusion after eltrombopag.

Thrombotic events were observed in 6 patients in the el-

trombopag group, however, so use in CLD patients was

put on hold because of safety concerns9. In another phase

2B trial of lusutrombopag, lusutrombopag 3 mg given

daily or 7 days caused no thrombotic events, and efficacy

was sufficient (81.3% of patients did not require platelet

transfusion). On the basis of these results, lusutrombopag

was licensed, for the first time worldwide, for use in

CLD patients with thrombocytopenia by the Pharmaceu-

ticals and Medical Devices Agency in Japan, in Septem-

ber 201510,19. After the lusutrombopag study, avatrom-

bopag was approved by the US FDA in May 2018 for use

in adults with thrombocytopenia secondary to CLD who

were scheduled to undergo a procedure. This approval

was based on the ADAPT-1 and ADAPT-2 clinical trials

(n = 435), which investigated the use of avatrombopag at

2 doses, 40 and 60 mg (88.1% and 87.9%, respectively, of

patients did not require platelet transfusion). In the

ADAPT-2 trial, there was one case of portal vein throm-

bosis after avatrombopag treatment11.

In the present study, 97.5% of patients did not require

platelet transfusion. This proportion was much higher

than those of the 3 earlier studies described above. This

may have been because the present baseline platelet

count (median, 6.1 × 104/μL) was higher than those of

previous studies. The median increase in platelet count

was surprisingly high, however (>4.9 × 104/μL)(Table 2),

as was the proportion of responders (increase greater

than 1.0 × 104/μL from baseline): 96.2% (Fig. 1b). Taken

together, these findings indicate that lusutrombopag is

very effective for CLD patients. In the 10 patients with a

history of both platelet transfusion and lusutrombopag

use, the increase in platelet count was significantly

greater during lusutrombopag treatment than after plate-

let transfusion (Fig. 3). To our knowledge, only 1 study

(phase 3 study) reported that lusutrombopag was supe-

rior to platelet transfusion in increasing platelet count in

CLD patients19. Therefore, we believe that the present re-

sults are of great value in the management of CLD pa-
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Fig.　3　Comparison of lusutrombopag and platelet trans-

fusion

In 10 patients with a history of platelet transfusion, 

the effect on the increase in platelet count was 

compared between lusutrombopag treatment and 

platelet transfusion. Lusutrombopag (TPO) signifi-

cantly increased platelet count (p = 0.0051), where-

as the increase was not significant after platelet 

transfusion (PC)(p = 0.059). Platelet count was sig-

nificantly higher after TPO than after PC (p = 

0.015).

The top and bottom of the boxes represent the first 

and third quartiles, respectively, and the height of 

the boxes represents the interquartile range. The 

line through the middle of the boxes is the median. 

The bars represent the minimum and maximum 

values (range).
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4.3 (2.6-6.1) 7.6 (5.2-14.2) 4.1 (3.0-6.5) 5.5 (2.5-6.6)Median

P=0.0051

P=0.059

P=0.015

Table　5　Adverse events after lusutrombopag treatment

Adverse events (n = 80) Patients Numbers (percentage)

Portal venous thrombosis 0 (0)

Abdominal pain 3 (3.8)

Headache 1 (1.3)

Constipation 1 (1.3)

Diarrhea 1 (1.3)

Itch 1 (1.3)

Cough 1 (1.3)

Palpitation 1 (1.3)

Hypertension (>180 mm Hg) 1 (1.3)

Fever (>38.0°C) 0 (0)

Rash 0 (0)

Nausea 0 (0)

Elevation of AST&ALT (> upper limit × 2) 0 (0)

Elevation of T-Bil (> upper limit × 2) 0 (0)

Massive bleeding 0 (0)

AST = aspartate aminotransferase, ALT = alanine aminotransferase, T-bil = 

total bilirubin

tients for whom invasive treatment is planned. Moreover,

the increase in platelet count persisted far longer after

administration of lusutrombopag than after platelet

transfusion. With lusutrombopag, the effect continued for

a median number of 9 days after the maximum platelet

count was recorded (Table 2, Fig. 2). In addition, lusu-

trombopag appears to be safer, as no serious AEs and no

thrombosis were observed with lusutrombopag (Table 5).

In contrast, many previous studies have reported side ef-

fects and treatment resistance after platelet transfu-

sion16,17,20,21.

In the present study, 3 patients did not respond to

lusutrombopag (Table 3, Fig. 1a, 1b). Uojima and col-

leagues reported that splenic volume was negatively cor-

related with increase in platelet count after lusutrom-

bopag treatment22. We investigated correlations between

clinical variables and increase in platelet count after lusu-

trombopag treatment. In our study, spleen size calculated

by ultrasound was not a refractory predictor for lusu-

trombopag effectiveness. However, parameters of renal

function (BUN, creatinine, eGFR) were significantly nega-

tive correlated with increase in platelet count. The pre-

sent multivariate analysis also revealed that renal func-

tion was a significant factor (Table 4); the increase in

platelet count was greater as renal function declined.

Lusutrombopag acts on the human TPO receptor and

activates signal transduction pathways that promote pro-

liferation and differentiation of bone marrow cells. It is

completely metabolized in the liver, and 83% of its con-

tent is excreted in feces and 1% in urine. Therefore, there

is no pharmacokinetic relationship with renal function.

The mechanism underlying the increase in platelets in

patients with damaged renal function is interpreted here
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as follows. TPO receptor is produced in liver, kidney, and

bone marrow, and production varies in order to maintain

homeostasis2,23. TPO ‘activity’ is diminished in persons

with chronic renal failure (CRF)24. Conversely, ‘plasma

TPO level’ is elevated in CRF patients25. Kazama et al.

showed that TPO transcription decreased in the renal

cortex but increased in the liver and bone marrow in a

CRF rat model. They concluded that increased TPO pro-

duction in liver and bone marrow might compensate for

decreased production in damaged kidneys26. In the pre-

sent study, the increase in platelet count after lusutrom-

bopag administration was greater in patients with dimin-

ished renal function, perhaps because in these patients

abundant plasma TPO receptors are produced in liver

and bone marrow to compensate for the TPO activity.

Lusutrombopag stimulates TPO signal transduction and

improves activity. Thus, the platelet count appears higher

in such patients. The present multivariate analysis of pre-

dictors of resistance to lusutrombopag treatment identi-

fied no independent predictor, because lusutrombopag

was effective in all patients. In other words, few CLD pa-

tients exhibited resistance to lusutrombopag treatment.

The primary limitation of this study is that it was con-

ducted at a single center. However, the present sample

size was larger than that in previous studies of lusutrom-

bopag. The results identified predictors of increase in

platelet count and the usefulness (effectiveness and dura-

tion) of lusutrombopag, as compared with platelet trans-

fusion. Interestingly, spleen size on ultrasound was not

an independent predictor of increase in platelet count

(Table 4), but renal function was, for the first time, iden-

tified as an independent predictor. We believe that these

results will be useful for the treatment of patients with

thrombocytopenia.
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