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Background: Eltrombopag is an effective oral thrombopoietin receptor agonist for the treatment of
immune thrombocytopenia (ITP). A common adverse reaction is liver dysfunction. This study aimed to
investigate early liver dysfunction during eltrombopag treatment of I'TP and risk factors.

Methods: We retrospectively analyzed liver dysfunction in patients receiving eltrombopag at the Blood
Diseases Hospital, Chinese Academy of Medical Sciences, between September 2019 and December
2020. Patients were divided into two groups, those with and without liver dysfunction after eltrombopag
treatment. Clinical characteristics of the two groups of patients, including sex, age, body mass index (BMI),
comorbidities, concomitant medications, prophylactic use of hepatoprotective drugs, and eltrombopag usage
were analyzed to identify the risk factors of liver dysfunction.

Results: A total of 85 patients were included in this study, including 28 men and 57 women aged 44+17 years
with a BMI of 25.1+3.57 kg/m’. After eltrombopag treatment, liver dysfunction occurred in 19 patients
(22.4%), mainly in the form of elevated alanine aminotransferase (ALT; n=10, 11.8%) and total blood
bilirubin (TBIL; n=11, 12.9%). Among patients with liver dysfunction, 73.7% had grade 1, 15.8% had grade
2, and 10.5% had grade 3. There were 7 cases (8.2%) of drug-induced hepatocellular injury, of which 6 cases
(85.7%) were mild and 1 (14.3%) was moderate. No significant between-group difference was observed in
sex, age, BMI, use of other drugs that can induce liver dysfunction, prophylactic use of hepatoprotective
drugs, or initial dose, usage time, or cumulative dose of eltrombopag (all P>0.05). Comorbid type 2 diabetes
or noninflammatory hepatobiliary disease (gallbladder stones, gallbladder polyps, liver cysts, fatty liver) was
significantly correlated with liver dysfunction (P=0.04, P=0.023, respectively).

Conclusions: The risk of early liver dysfunction, while mild to moderate in most cases, is high in patients
with ITP on eltrombopag treatment, especially in those with type 2 diabetes and hepatobiliary diseases.

Therefore, patients should be closely monitored during treatment to enable timely intervention as needed.
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Introduction

Immune thrombocytopenia (ITP) is an acquired
autoimmune bleeding disease characterized by isolated
peripheral blood platelet count reduction (1). The main
pathogenesis of I'TP is the loss of immune tolerance of
platelet autoantigens, which leads to abnormal activation of
humoral and cellular immunity, and therefore mediate the
acceleration of platelet destruction and the lack of platelet
production by megakaryocytes. The treatment of I'TP
follows the principle of individualization, aiming to increase
the platelet count to a safe level on the basis of minimizing
the adverse effects of the treatment, reduce bleeding
events, and pay attention to the health-related quality
of life of the patient. Eltrombopag is an oral nonpeptide
thrombopoietin (TPO) receptor agonist (2) that binds to
the myeloproliferative leukemia transmembrane domain of
TPO receptor to activate the Janus kinase/signal transducer
and activator of transcription (JAK/STAT) signaling
pathway, thereby stimulating megakaryocyte proliferation
and differentiation and promoting platelet production (3).
In July 2018, eltrombopag olamine (Revolade) was the first
TPO receptor agonist approved by the China Food and
Drug Administration to treat adults and children aged 12
or above with I'TP who do not respond to glucocorticoids
or immunoglobulins. The Chinese guidelines on the diagnosis
and management of adult primary immune thrombocytopenia
(version 2020) (1) state that eltrombopag may be used as
second-line treatment for primary I'TP in adults, in whom
it has a response rate of 60% or more. Furthermore,
eltrombopag has been authorized for use in pediatric
patients with chronic I'TP by the US Food and Drug
Administration (FDA), and the study of eltrombopag in the
treatment of Chinese children with I'TP not only shows
excellent initial response but also has continued efficacy and
safety (4). Several studies (5-7) have shown that eltrombopag
olamine is well tolerated under long-term use, with mild
adverse reactions and rarely serious adverse reactions (8). A
common adverse reaction is liver dysfunction, as manifested
in elevated alanine aminotransferase (ALT) or total blood
bilirubin (TBIL). Both US Food and Drug Administration
instructions for use and Chinese package inserts have
included warnings that eltrombopag may increase the
risk of serious or potentially life-threatening liver toxicity.
Therefore, early detection of liver dysfunction and
identification of high-risk populations are essential for the
wide use of eltrombopag. In this study, we retrospectively
analyzed the clinical data of ITP patients who received
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eltrombopag at the Blood Diseases Hospital of the Chinese
Academy of Medical Sciences between September 2019 and
December 2020 to investigate liver dysfunction and its risk
factors.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-1067).

Methods
Subjects

The research protocol was approved by the Ethics
Committee, Institute of Hematology and Blood Diseases
Hospital, Chinese Academy of Medical Sciences
(HG2021008-EC-1). All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). Individual
consent for this retrospective analysis was waived. Patients
receiving eltrombopag olamine (Revolade) at our hospital
between September 2019 and December 2020 were
included in this study if they met the following inclusion
criteria: (I) age at least 12 years as per the “Indications”
on the eltrombopag olamine package insert; (II) I'TP
diagnosed based on the Chinese guideline on the diagnosis
and management of adult primary immune thrombocytopenia
(version 2020) (1); (III) eltrombopag treatment for at least
5 days at our hospital; and (IV) complete liver monitoring
data before and after eltrombopag treatment. Exclusion
criteria: (I) <12 years of age; (II) no diagnosis of I'TP; (I1I)
history of hepatitis; (IV) eltrombopag treatment <5 days; or
(V) incomplete clinical data.

Methods

We collected the electronic medical records of all eligible
patients via the hospital information platform. Patients were
divided into two groups, the liver dysfunction group and
the control group (normal liver function). The clinical data
were compared between the two groups to analyze the risk
factors for eltrombopag-induced liver dysfunction.
Definition of liver dysfunction: The severity of the
elevation in ALT, aspartate aminotransferase (AST),
alkaline phosphatase (ALP), gamma-glutamyl transferase
(GGT), and TBIL was evaluated according to the 2017
National Cancer Institute Common Terminology Criteria
for Adverse Events (CTCAE v5.0) (9). For each patient,
the highest severity of the five biomarkers was used for

Ann Palliat Med 2021;10(6):6419-6424 | https://dx.doi.org/10.21037/apm-21-1067


http://dx.doi.org/10.21037/apm-21-1067
http://dx.doi.org/10.21037/apm-21-1067

Annals of Palliative Medicine, Vol 10, No 6 June 2021

the analysis. Drug-induced liver injury in patients were
further classified and their severity evaluated according
to Expert panel consensus statement on prevention and
standardized treatment of drug-induced liver injury in
patients with blood diseases [2016] (10). At our hospital,
the reference ranges were ALT 0-50 U/L (male) and
0-35 U/L (female), AST 0-50 U/L (male) and 0-35 U/L
(female), ALP 30-120 U/L, GGT 8-57 U/L, and TBIL
0-26 pmol/L (male) and 0-21 pmol/L (female).

Statistical analysis

Descriptive analyses were used to analyze demographics and
clinical characteristics. Excel was used to set up a database.
SPSS v22.0 was used for data processing and analysis.
Count data were analyzed with the y’ test or Fisher’s exact
test. Normally distributed measurement data are expressed
as ¥ = s and were analyzed with the two-tailed #-test.
Nonnormally distributed measurement data are expressed as
median (Q1, Q3) and were analyzed with the nonparametric
Wilcoxon rank-sum test. P<0.05 was considered statistically
significant.

Results
General information

A total of 85 I'TP inpatients who met the inclusion criteria
were included in this study, including 28 men (32.9%)
and 57 women (67.1%) aged 44+17 years (12-17 years,
n=7; 19-30 years, n=12; 31-40 years, n=16; 41-50 years,
n=18; 51-60 years, n=18; 61-70 years, n=10; 71-80 years,
n=4) with a body mass index (BMI) of 25.123.57 kg/m’.
All the patients were receiving eltrombopag as second-
line treatment following failure of first-line treatment. As
for comorbidities, 22 patients (25.9%) had hypertension,
10 patients (11.8%) had type 2 diabetes, 12 patients (14.1%)
had noninflammatory hepatobiliary diseases (gallbladder
stones, gallbladder polyps, liver cysts, liver fatty), and
16 patients (18.8%) had anemia due to iron deficiency.

Eltrombopag dosing and concomitant medications

The initial dose of eltrombopag was 50 mg/day in 27 patients
(31.8%) and 75 mg/day in 58 patients (68.2%). Treatment
time in our hospital was 13 (IQR 9, 18) days. At discharge,
the cumulative dose of eltrombopag was 900 (IQR 575, 1,313)
mg. Seventy-one patients (83.5%) received prophylactic
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hepatoprotective drugs. During eltrombopag treatment, 32
of 85 patients (37.7%) received other drugs that can cause
liver dysfunction (1-2, n=27; 3-4, n=5).

Liver dysfunction

After eltrombopag treatment, 19 patients (22.4%) had liver
dysfunction (Zable I). The incidences of elevated ALT, AST,
ALP, GGT, and TBIL were 11.8%, 10.6%, 2.4%, 2.4%,
and 12.9%, respectively. Fourteen cases (73.7%) were grade
1; three cases (15.8%) were grade 2; and two cases (10.5%)
were grade 3. Seven patients (8.2%) had acute drug-induced
hepatocellular injury (mild: n=6; moderate: n=1).

The liver dysfunction group included 6 men and 13 women
aged 4716 years; 19-30 years, n=2; 31-40 years, n=5;
41-50 years, n=2; 51-60 years, n=6; 61-70 years, n=3; 71—
80 years, n=1). Eltrombopag treatment time in our hospital
was 9 IQR 6, 14) days; the cumulative dose of eltrombopag
at discharge was 1,050 (IQR 525, 1,575) mg. Sixteen
patients (84.2%) received prophylactic hepatoprotective
drugs. Seven patients (36.8%) used other drugs that can
cause liver dysfunction (1-2, n=5; 3-4, n=2). Due to liver
dysfunction, the dose of eltrombopag was reduced and the
hepatoprotective treatment intensified in 2 patients (10.5%),
and eltrombopag was discontinued in 3 patients (15.8%). At
discharge, liver dysfunction did not improve in 10 patients,
improved in seven patients, and returned to normal in
two patients.

Risk factors of liver dysfunction

Sex, age, BMI, comorbidities, concomitant medications
that can cause liver dysfunction, prophylactic use of
hepatoprotective drugs, and initial dose, treatment time,
and cumulative dose of eltrombopag were compared
between the two groups (Table 2). The results showed that
sex, age, BMI, concomitant medications that can cause
liver dysfunction, and prophylactic use of hepatoprotective
drugs were uncorrelated with liver dysfunction (all
P>0.05), whereas the comorbidities of type 2 diabetes and
noninflammatory hepatobiliary diseases (gallbladder stones,
gallbladder polyps, liver cysts, fatty liver) were significantly
correlated with liver dysfunction (P=0.04, P=0.023,
respectively).

Discussion

The introduction of thrombopoietin receptor agonists
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Table 1 Liver dysfunction

Liver dysfunction Grade 1 Grade 2 Grade 3 Grade 4 Total
ALT increased, n (%) 5(5.9) 3(3.5) 2 (2.4) 0 10 (11.8)
AST increased, n (%) 8(9.4) 1(1.2) 0 0 9 (10.6)
ALP increased, n (%) 2(2.4) 0 0 0 2(2.4)
GGT increased, n, (%) 0 2(2.4) 0 0 2(2.4)
TBIL increased, n (%) 11 (12.9) 0 0 0 11 (12.9)

In each patient, more than one indicator could be elevated.

Table 2 Comparison of the clinical characteristics of the liver dysfunction group and the control group (normal liver function) of I'TP patients
receiving eltrombopag treatment

Baseline clinical characteristics Liver dysfunction group (n=19) Control group (n=66) Statistic P value
Sex, n (%) 0.021% 0.886
Male 6 (31.6) 22 (33.3)
Female 13 (68.4) 44 (66.7)
Age (years), x£s 47+16 43+17 1.113° 0.736
BMI (kg/m?), x+s 25+3 2514 -0.028° 0.239

Comorbidities, n (%)

Hypertension 6 (31.6) 16 (24.2) - 0.559
Type 2 diabetes 5(26.3) 5(7.6) 3.885° 0.04
Hepatobiliary diseases* 6 (31.6) 6 (9.1) - 0.023
Anemia due to iron deficiency 4(21.1) 12 (18.2) - 0.748
Concomitant medications that can cause liver dysfunction, n (%) - 0.53
0 12 (63.2) 41 (62.1)
1-2 5(26.3) 22 (33.3)
3-4 2(10.5) 3 (4.5)
Prophylactic use of hepatoprotective drugs, n (%) - 1
Yes 16 (84.2) 55 (83.3)
No 3(15.8) 11 (16.7)
Initial dose of eltrombopag, n (%) 1.207° 0.272
50 mg/d 8 (42.1) 19 (28.8)
75 mg/d 11 (57.9) 47 (711.2)
Eltrombopag treatment time [days, M (Q1, Q3)] 9 (6, 14) 12(9,17) -0.745° 0.456
Cumulative dose of eltrombopag [mg, M (Q1, Q3)] 1,050 (525, 1,575) 888 (588, 1,238) -0.697° 0.486

*, noninflammatory hepatobiliary diseases, including gallbladder stones, gallbladder polyps, liver cysts, fatty liver; —: Fisher’s exact test. ¥,
¥* value; °, t value; ©, Z value.
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(TPO-RA), such as eltrombopag and romiplostim, has
greatly promoted the clinical progress in the treatment of
chronic refractory I'TP. However, the side effect profile for
these new treatments is still under question (11). In this
study, we retrospectively analyzed early liver dysfunction
in I'TP patients who received eltrombopag at our hospital.
The incidence of liver dysfunction was 22.4% (grade 1:
73.7%; grade 2: 15.8%; grade 3: 10.5%). The incidence
of drug-induced hepatocellular injury was 8.2% (mild:
85.7%; moderate: 14.3%). Comorbid type 2 diabetes or
noninflammatory hepatobiliary disease (gallbladder stones,
gallbladder polyps, liver cysts, fatty liver) was correlated
with liver dysfunction (P=0.04, P=0.023, respectively). In
this study, liver dysfunction manifested mostly as mildly
elevated ALT or TBIL, which was consistent with earlier
reports (7,12-13). Liver dysfunction, mostly mild and
reversible after treatment withdrawal, has been reported in
many studies, and its incidence is high. Therefore, patients
should be closely monitored for serious or potentially life-
threatening liver toxicity. Before treatment, clinicians
should explain the risks and precautions and instruct
patients to monitor their liver function after discharge.
Patients should seek medical attention immediately if they
have any abnormal signs or symptoms to minimize the
chance of treatment failure due to treatment withdrawal on
their own.

The pharmacokinetic profile of eltrombopag varies
greatly between different populations. In healthy Japanese
volunteers, eltrombopag exposure is twice as high as that
of healthy Caucasian volunteers. Moreover, eltrombopag
exposure is approximately 87% higher in East Asian I'TP
patients than in non-Asian I'TP patients (14). In the US and
Europe, the recommended initial dose of eltrombopag for
the treatment of I'TP is 50 mg/day, while Chinese package
insert recommends 25 mg/day. A multicenter phase III
study in Chinese adults with chronic I'TP (7) showed that
the dose of eltrombopag averaged at 47.7 mg/day. In this
study, the initial dose was 50 or 75 mg/day, and the dose
chosen was not correlated with liver dysfunction. The
cumulative dose of eltrombopag was also uncorrelated
with liver dysfunction. This may be due to the short time-
frame of this study, because we only analyzed inpatient
data, not follow-up data. It was reported that a 3-year-old
patient with chronic I'TP developed acute liver failure due
to eltrombopag toxicity (15). A very high eltrombopag
plasma concentration was found despite taking the standard
drug dosage, and allelic variations that are involved in drug
metabolism [CYP2C8 and UDP glucuronosyltransferase
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(UGT) 1A1 (UGT1A1)] were carried in this patient.
Eltrombopag is extensively metabolized through oxidation
by cytochrome P450 (CYP) enzymes, cleavage, and
conjugation with glucuronic acid, glutathione, or cysteine.
Acute liver failure induced by eltrombopag may be caused
by an impaired elimination of the drug due to genetic
variants involved in the major pharmacokinetic pathways,
leading to the high plasma eltrombopag accumulation in the
body. Further research is needed to investigate the proper
dose of eltrombopag in Chinese populations and different
age groups and the relationships between the plasma
concentration or pharmacogenetic of eltrombopag and its
safety and efficacy (16).

This was a retrospective study that only analyzed
inpatient data of a small sample, which limitations may have
resulted in an analysis bias. Large, prospective, randomized,
controlled, real-world studies are needed to investigate the
mechanism and risk factors of eltrombopag-induced liver
dysfunction and drug-induced liver injury.

In summary, I'TP patients are at risk for liver dysfunction
(mostly mild) after eltrombopag treatment, especially in
patients with comorbid type 2 diabetes or hepatobiliary
diseases such as gallbladder stones, gallbladder polyps,
liver cysts, and fatty liver. To best treat eltrombopag-
induced liver dysfunction, early identification of high-risk
patients, regular monitoring, early detection, and rational
interventions are key.
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