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Background: Eltrombopag (EPAG) is an oral thrombopoietin receptor agonist, approved
for refractory primary immune thrombocytopenia (ITP) in pediatric patients. In two pediatric
RCTs, EPAG led to an improvement of platelet counts and a reduction in bleeding severity.
However, a significant number of pediatric patients did not achieve the primary endpoints.
We performed a pharmacokinetic evaluation of EPAG in pediatric patients with
refractory ITP.

Methods: Outpatients aged from 1 to 17 y, affected by refractory ITP to first-line
treatment, were enrolled for a pharmacokinetic assessment. The analysis of drug
plasma concentration was performed by the LC-MS/MS platform. Non-compartmental
and statistical subgroup analyses were carried out using the R package ncappc.

Results: Among 36 patients eligible for PK analysis, the median dose of EPAG given once
daily was 50 mg. The EPAG peak occurs between 2 and 4 h with a population Cmax and
AUC 0–24 geo-mean of 23, 38 μg/ml, and 275, 4 µg*h/mL, respectively. The
pharmacokinetic profile of EPAG did not show a dose proportionality. Female patients
showed a statistically significant increase of dose-normalized exposure parameters,
increasing by 110 and 123% for Cmax and AUC 0–24, respectively, when compared
to male patients. Patients aged 1–5 y showed values increased by more than 100%
considering both exposure parameters, compared to older children. Furthermore, patients
presenting complete response (83%), showed augmented EPAG exposure parameters
compared to subjects with partial or no response.

Conclusion: These data highlight the need to further explore the variability of EPAG
exposure and its pharmacokinetic/pharmacodynamic profile in pediatric patients also in a
real-life setting.
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INTRODUCTION

Immune thrombocytopenia (ITP) is a hematological disease
characterized by a low platelet count with an annual incidence
of 2–5 cases/100,000 people (Marieke Schoonen et al., 2009).
Specifically, diagnosis of ITP is established in the presence of a
platelet count below 100 × 109/L and in the absence of other
possible causes of thrombocytopenia (Rodeghiero et al., 2009).
Most patients with ITP are asymptomatic or present episodes of
mucocutaneous bleeding at low degree; however, almost 15% of
them require hospitalization due to bleeding within 5 y from
diagnosis of the disease (Cooper and Ghanima, 2019).
Pathogenesis of ITP is not fully understood; it is considered
an auto-immune disease due to the formation of antibodies
against platelets mediated by auto-reactive B cells; however, in
recent years other pathological mechanisms have been proposed
including an hyper-activation of the complement system, massive
polarization toward a Th1 subtype of T cells, and a prevalence of
the M1 pro-inflammatory macrophage phenotype with
consequent production of pro-inflammatory cytokines
(Johnsen, 2012; Consolini et al., 2016). The result of this
immune deregulation is an increased platelet opsonization
mediated by the monocyte/macrophage axis, which binds the
Fc receptor of auto-reactive IgG and induces the elimination of
platelets mainly in the spleen rather than the liver (He et al.,
1994).

The spread of ITP within the pediatric population has been
summarized by several epidemiological studies that report an
ITP incidence comprised between 2.2 and 5.3 cases/105 children
per year (Fogarty and Segal, 2007; Terrell et al., 2010).
Compared to adults, pediatric patients with ITP show a
higher rate of spontaneous remission and a lower rate of co-
morbidities (Schifferli et al., 2018). Moreover, among adult
patients, there is a higher prevalence of ITP in female
subjects than male subjects with a 2:1 ratio (Vianelli et al.,
2001; Schifferli et al., 2018). This gender difference is less
evident among pediatric ITP patients; however, in these
subjects, a higher rate of severe bleeding has been reported
compared to adults (Kühne et al., 2011).

Pharmacological treatment of pediatric patients with a new
diagnosis of ITP includes corticosteroids and intra-venous
immunoglobulins. This initial therapy, especially with steroids,
should be suspended as soon as a safety level of platelet count
(>20 × 109/L) has been reached. Treatment of pediatric patients
with persistent/chronic ITP consists mainly of thrombopoietin
receptor (TPO-R) agonists, such as eltrombopag (EPAG) and
romiplostim, the anti-CD20 monoclonal antibody rituximab, and
mycophenolic acid (MMF). EPAG belongs to the family of biaryl-
hydrazones and acts as a TPO-R agonist interacting with the
subunit H499 present in the binding site of the TPO receptor.
This interaction leads to a conformational change of the TPO-R
structure that induces receptor activation and culminates in the
final recruitment of the JAK/STAT cascade pathway. The
pharmacological effect of EPAG interactions with TPO-R
results in an increase of differentiation and proliferation rate
of the megakaryocytoblastic cellular line and its precursors.
Alongside this effect on platelet count, recent evidence also

suggests an immune-modulating and iron chelating property
of EPAG (Argenziano et al., 2021; Di Paola et al., 2021).

Safety and efficacy of EPAG have been evaluated in pediatric
patients with two registration studies: TRA115450 (PETIT2) and
TRA108062 (PETIT) (Bussel et al., 2015; Grainger et al., 2015). In
both studies, the primary endpoint was the percentage of patients
who reach a platelet count ≥50,000/µl at least once during the
randomized therapeutic period. In the same studies,
pharmacokinetic (PK) properties of EPAG have been
evaluated using a population model on 168 pediatric patients
with ITP who were assuming EPAG once a day by oral
administration. The results of these studies show that
following oral dosage, plasmatic clearance of EPAG
proportionally increases with body weight and that female
pediatric patients with ITP show a 25% increase of the area
under the curve (AUC) of EPAG plasmatic concentrations
compared to male pediatric patients (Wire et al., 2018).

EPAG PK data reported in the literature are based on
pharmacokinetic population models, reliant on data deriving
from randomized clinical trials, where patients are enrolled
and strictly monitored throughout the study. Here, however,
we present the results of EPAG PK evaluation performed on
pediatric patients affected by ITP treated with EPAG, including
“real-life” data collected during routine clinical practice.

MATERIALS AND METHODS

Study Design and Procedures
This study was conducted at the Department of Pediatric
Hematology and Oncology, Cell and Gene Therapy at
Children’s Hospital Bambino Gesù in Rome, from December
2019 to March 2021. All procedures were included in a
therapeutic drug monitoring application routinely performed
in our hospital. Outpatients were included if aged from 1 to
17 y, with a confirmed diagnosis of primary immune
thrombocytopenia, had relapsed or refractory disease after one
or more previous treatments for immune thrombocytopenia, and
were orally treated with EPAG film-coated tablets (Revolade®,
Novartis Europharm Limited, Dublin, Ireland) for at least
2 weeks without dose variations. Patients who had other
significant non-ITP-related diseases were excluded. Following
hospitalization, all patients or legal guardians gave their written
informed consent to receive diagnostic procedures and
pharmacological treatments. Thereafter, a verbal informed
consent was asked to all patients or legal guardians before
study procedures. The study was conducted in accordance
with the Declaration of Helsinki principles. The ethical
committee of our hospital was informed about this therapeutic
drug monitoring application.

Enrolled outpatients were present in the clinic from the
morning of the visit day for a maximum of 8 h. In addition to
routine laboratory analyses and medical exams and procedures,
blood samples (3 ml) were obtained through an indwelling
peripheral catheter and collected into vacutainer tubes
containing EDTA (Becton Dickinson, Rutherford, NJ,
United States) immediately before the dose and at 2, 4, and
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8 h after the dose. Whenever possible, blood was obtained from
central laboratory specimens. Additional or alternative time
sampling was allowed in accordance with the ward sampling
routine. Blood drawing was performed in accordance with study-
related blood loss limits indicated by the EU Commission
(European Union, 2008). Routine laboratory blood tests
included hematology and chemistry analyses. At the time of
the visit, qualified medical staff performed a complete physical
exam, also collecting information about ITP duration, response,
adverse events, and patients’ compliance. Moreover, patients or
legal guardians were provided with a diary-like form to fill out the
day of the visit. The form contained information such as time of
dose administration the day before the visit, concomitant
medications, smoking habits (for adolescents), consumption of
dairy products, and mineral supplements or caffeinated drinks
along with meal times.

A complete response (CR) was defined as at least a single value
of PLT >100,000/µl 1 week after starting EPAG therapy, without
the need of rescue therapy and no signs of bleeding. A partial
response (PR) was characterized by a value of PLT between
30,000/µl and 100,000/µl, and no response (NR) was defined
as a number of PLT <30000/µl. A durable response (DR) consists
in detection of PLT >50,000/µl for at least 75% of the follow-up
period after the initiation of EPAG treatment. Rescue therapy
included corticosteroids and/or intravenous immunoglobulins
(IVIg). ITP duration was classified according to disease
duration since diagnosis: newly diagnosed ITP (<3 months),
persistent ITP (6–12 months), and chronic ITP (>12 months)
(Rodeghiero et al., 2009).

Drug Assay
Plasma was obtained by centrifuging at 3,500 g for 5 min. 50 µL of
plasma was added to 25 µL of IS working solution (50 μg/ml);
then, 250 µL of methanol was used to precipitate proteins;
samples were vortex-mixed for 30 s and centrifuged at
13,000 rpm for 9 min. The supernatant (10 µl) was then
injected into the UHPLC-MS/MS system for analysis. A
standard stock solution was prepared dissolving EPAG in
methanol and 0.1% of dimethyl sulfoxide (DMSO) at a
concentration of 1 mg/ml. The calibration standard solutions
were prepared spiking standard stock solutions to drug-free
plasma at the following concentrations: 1, 5, 10, 25, 50, 100,
and 150 μg/ml. Quality controls were prepared by serial dilution
of the stock solution with drug-free plasma at different
concentrations: QC low 7.5 μg/ml, QC medium 15 μg/ml, and
QC high 75 μg/ml. The stock solution of IS (1 mg/ml) was
prepared by dissolving EPAG 13C4 in DMSO. A working
solution of the internal standard (50 μg/ml) was prepared in
methanol.

Chromatography analysis was performed using a UHPLC
Agilent 1290 Infinity II (Agilent Technologies). The separation
column was a Kinetex 2.6 μm EVO C18 100 Å 75 × 2.1 mm
(Phenomenex, Torrance, CA). Mobile phase A was water with
0.1% formic acid, 31% acetonitrile, and 31% methanol v/v, and
mobile phase B was methanol with 0.5% formic acid v/v. The flow
rate was 0.3 ml/min according to the following gradient:
0–2.9 min 55% B, 3–3.1 min 95% B, 3.1–4.0 min 95% B, and

4.1–5.0 min 55% B. The injection volume was 10 μl. Samples were
analyzed with a 6,470 mass spectrometry system (Agilent
Technologies) equipped with an ESI-JET-STREAM source
operating in a positive ion (ESI+) mode. The software used for
controlling this equipment and analyzing results wasMassHunter
(Agilent Technologies). Samples were detected in the multiple
reaction monitor (MRM) mode. The mass transitions of EPAG
were m/z 443.2→ 183 for the quantifier and 443.2 →77 for the
qualifier.

All chemicals were of analytical grade and were obtained from
Sigma-Aldrich (Saint Louis, MO, United States). EPAG and
EPAG-13C4 (employed as an internal standard) were obtained
from Toronto Research Chemicals (Toronto, Canada). Drug-free
plasma was obtained from healthy volunteers recruited at the
Blood Transfusion Center of the Children’s Hospital Bambino
Gesù after obtaining informed consent and was used as a matrix
for standard curve preparation and negative controls. Method
validation was performed based on the US Food and Drug
Administration (FDA) guidelines for industry bioanalytical
method validation. Method validation was carried out
including specificity, linearity, inter- and intra-precision and
accuracy, extraction recovery, and the matrix effect (data not
shown).

Pharmacokinetic Analysis
Analysis of plasma concentration–time data was conducted using
the noncompartmental approach using the ncappc package
(v0.3.0; Acharya et al., 2016) and Rstudio (RStudio: Integrated
Development for R, 2020. RStudio, Inc., Boston, MA URL http://
www.rstudio.com/). The estimated pharmacokinetic parameters
of EPAG were area under the plasma concentration–time curve
from time zero to 24 h (AUC 0-24), maximum observed plasma
concentration (Cmax), and time to reach Cmax (Tmax). The area
under the concentration–time curve from 0 to 24 h post dose
(AUC 0-24) was assessed using the linear-log trapezoidal rule
from zero up to the 24 estimated concentration. Dose normalized
values (AUC 0-24 DN and Cmax, DN) were derived by dividing
AUC 0-24 and Cmax by dose. The concentration at 24 h was
estimated using the equation (C24h) � C8h * e-β(t24–t8) if the
concentration at 8 h post dose was quantifiable (Ruslami et al.,
2007).

Statistical Analysis
Demographic data and pharmacokinetic parameters were
summarized using descriptive statistics. No formal power
calculation was made for the study. Mean with standard
deviation or median with ranges was used for normally
distributed and non-normally distributed variables,
respectively. Number of occurrence and percentage were used
to describe categorical data. Cmax, AUC 0-24, and dose-
normalized pharmacokinetic parameters were described
through the geometric mean and 95% confidence intervals.
EPAG dose proportionality over the dose range of
12.5–100 mg was evaluated using a power model, assuming a
linear relationship between natural log-transformed exposure
parameters (Cmax and AUC 0-24) and natural log-
transformed dose values: ln(PK parameter) � β0 + β1-ln(dose).
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Furthermore, an equivalence criterion was also used to evaluate
the inclusion of the proportional constant β1 and its 90%
confidence interval within the acceptance range Food and
Drug Administration (FDA) and Center for Drug Evaluation
and Research (CDER), (2001). Guidance for Industry: Statistical
Approaches to Establishing Bioequivalence. The maximal dose
ratio (r) was 8 (100/12.5). The estimated lower limit {1+ [ln(0.8)/
ln(r)]} and the upper limit {1+ [ln(1.25)/ln(r)]} were 0.892 and
1.107, respectively. The unpaired t-test and one-way ANOVA
were used to compare log-transformed exposure parameters
taking into account the ITP duration and response. Dose-
normalized log-transformed pharmacokinetic exposure
parameters were considered to compare gender, age groups,
and ITP duration. All statistical analyses and graphs were
performed using Rstudio (RStudio: Integrated Development
for R, 2020. RStudio, Inc., Boston, MA URL http://www.
rstudio.com/).

RESULTS

Patients
The study comprised 36 patients, 61 percent of which were
females (n � 22). The median age was 10.94 years (range
2.67–17.9 years), and the median body weight was 45.4 kg
(range 15.9–109 kg), as shown in Table 1. The dose of EPAG
given once daily ranged between 12.5 (n � 1) and 100 mg (n � 3).
Twelve patients were administered 75 mg of EPAG, and the same
number of patients were treated with 50 mg. Eight subjects were
treated with 25 mg. The mean dose for all patients was 55.9 mg
(standard deviation: 24.0 mg). Mean dose values were similar
between the two younger age groups, namely, 1–5 y and 6–11 y.
Instead, older children were treated with higher doses (mean �
64.8 mg). The median platelet count was 86.5 PLT x 109/L,

ranging from 10 to 1611 PLT x 109/L. The percentage of
patients with a diagnosis of newly diagnosed ITP (ND),
persistent ITP (P), or chronic (C) ITP was similar in the study
population; nonetheless, the 6–11 y age group showed a higher
frequency of ND. Additionally, more than half of the patients
affected by P or C ITP were among the 12–17 y age group.
Overall, a complete response was found in 30/36 patients (83%).
However, only 33% of patients showed a durable response.
Rescue therapy during EPAG treatment was required in five
patients (13.9%), mainly in the 1–5 y age group.

Concentration–Time Profile of EPAG in Our
Pediatric Population
Marked inter-individual variability of the EPAG
concentration–time profile was observed in the whole study
population (CV% Cmax DN � 130%, CV% AUC 0–24 DN �
157%) (Figure 1A), with a high range of variability differences
also among patients within the same age group despite the dose
normalization of concentrations (CV% Cmax DN 1–5 y � 58%,
6–11 y � 114%, 12–17 y � 183%, CV% AUC 0–24 1–5 y � 80%,
6–11 y � 129%, and 12–17 y � 201%) (Figure 1B). Overall, the
EPAG peak occurs between 2 and 4 h (mean � 2.62 h) with a
Cmax and AUC 0–24 geo-mean of 23, 38 μg/ml (CI95%
16.20–33.74 μg/ml) and 275.4 µg*h/mL (CI95% 185.87–
408.02 µg*h/mL), respectively. The dose-normalized Cmax and
AUC 0-24 were 0.47 μg/ml and 5.51 µg*h/mL, respectively
(Table 1).

Evaluation of Dose Proportionality
Following EPAG Oral Administration
EPAG did not show a dose proportionality, considering both
exposure parameters, with higher values of Cmax and AUC 0–24

TABLE 1 | Patients’ characteristics at the time of the study visit and estimated pharmacokinetic parameters.

All 1–5 years 6–11 years 12–17 years

Patients, n (%) 36 (100%) 8 (22.2%) 12 (33.3%) 16 (44.5%)
Age (years), median 10.94 5.08 8.44 15.08
Gender (F) n (%) 22 (61.1%) 6 (27.3%) 5 (22.7%) 11 (50%)
Dose (mg) Mean (SD) 55.9 (24.0) 50.0 (13.3) 47.9 (22.5) 64.8 (27.0)
Body Weight (kg), Median (range) 45.43 (15.5–109) 19.1 (15.5–28.5) 31.5 (20.0–60.0) 60.0 (37.0–109.0)
Platelet count (x 109/L), Median (range) 86.5 (10–1,611) 101.5 (10–1,307) 105.5 (17–1,611) 86.5 (24–235)
ITP Duration, n (%)
Newly Diagnosed 12 (33.3%) 4 (33.3%) 6 (50%) 2 (16.7%)
Persistent 13 (36.1%) 3 (23.1%) 3 (23.1) 7 (53.8%)
Chronic 11 (30.6%) 1 (9.1%) 3 (27.3%) 7 (63.6%)

Response, n (%)
Complete 30 (83.3%) 6 (20%) 11 (36.7%) 13 (43.3%)
Partial 4 (11.1%) 1 (25%) - 3 (75%)
Absent 2 (5.6%) 1 (50%) 1 (50%) -
Durable Response, n (%) 12 (33.3%) 1 (8.3%) 4 (33.3%) 7 (58.4%)
Rescue therapy, n (%) 5 (13.9%) 4 (80%) - 1 (20%)
T max, h mean (SD) 2.62 (0.90) 2.52 (0.91) 2.37 (0.77) 2.85 (0.94)
Cmax, µg/mL geo-mean (CI 95%) 23.38 (16.20–33.74) 43.00 (26.60–69.66) 18.29 (9.25–36.19) 20.71 (11.63–36.89)
AUC 0–24, µg*h/mL geo-mean (CI 95%) 275.40 (185.87–408.02) 515.48 (278.28–954.88) 200.50 (108.42–970.78) 255.38 (131.19–497.14)
Cmax DN, µg/mL geo-mean (CI 95%) 0.47 (0.34–0.63) 0.89 (0.61–1.31) 0.43 (0.25–0.73) 0.362 (0.23–0.58)
AUC 0–24 DN, µg/mL geo-mean (CI 95%) 5.51 (3.94–7.69) 10.7 (6.17–18.52) 4.68 (2.83–7.72) 4.47 (2.57–7.76)
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in patients treated with 50 mg Figure 2(A,B). The estimates of the
proportionality constant (90% CI) for Cmax and AUC 0-24 were
0.17 (0.09–0.24) and 0.15 (0.08–0.22), respectively
Figure 2(C,D). Hence, according to the equivalence criterion
limits, the proportional constant was not included within the
prespecified acceptance limits (0.89–1.10) for dose
proportionality.

Influence of Gender and Age on EPAG
Exposure
Females showed a statistically significant increase of dose-
normalized exposure parameters (Cmax DN � 0.619 μg/ml
and AUC 0-24 DN � 7.48 µg*h/mL) when compared to males
(Cmax DN � 0.301 μg/ml and AUC 0–24 DN � 3.40 µg*h/mL),
with a percentage increase of 110 and 123% for Cmax and AUC
0–24, respectively (p � 00,201 and p � 00,198) Figure 3(A,B). No
statistically significant differences in dose-normalized Cmax and
AUC 0-24 were detected between the distinct age groups.
Nevertheless, patients aged 1–5 y showed higher Cmax DN
and AUC 0-24 DN (0.89 μg/ml and 10.7 µg*h/mL), compared
to the other two groups, undergoing an increase of more than
100% for both exposure parameters Figure 3(C,D). Cmax DN
and AUC 0–24 DN were similar between 6–11 y and 12–17 y age
groups (Table 1).

Differences in Cmax and AUC among
Patients with Partial, Complete, and
Durable Response to EPAG Therapy
Although not statistically significant, patients presenting a CR
during EPAG treatment showed augmented values of Cmax

and AUC 0-24 geo-mean (24.16 μg/ml, CI95% 15.6–37.3 μg/ml
and 299.84 µg*h/mL, CI95% 188.23–477.63 µg*h/mL,
respectively), compared to patients with PR (19.44 μg/ml,
CI95% 11.0–34.2 μg/ml and 191.10 µg*h/mL, CI95%
144.08–253.49 µg*h/mL) or no response (20.67 μg/ml and
159.68 µg*h/mL) Figure 3(E,F). No differences in EPAG
exposure were found when stratifying patients through
evidence of durable response and the need of rescue therapy
during EPAG treatment (Supplementary Figure S1).
Moreover, as concerns adverse reactions during
eltrombopag treatment, a higher percentage of patients
(52.77%) did not experience side effects, followed by n � 6
(16.66%) patients who reported headaches and n � 4 (11.11%)
who showed Grade 3 hypertransaminasemia. Exclusively in
this latter situation, EPAG treatment was briefly suspended
until clinical parameters were normalized (Supplementary
Table S1).

DISCUSSION

The use of oral drugs acting on the thrombopoietin receptor has
dramatically changed the therapeutic paradigm of first-line
refractory and relapsed ITP patients. EPAG is an orally
thrombopoietin receptor agonist already approved for ITP
treatment in pediatric patients (Burness et al., 2016; Wong
et al., 2017; Kim et al., 2018; Fattizzo et al., 2019). EPAG’s
main mechanism of action is related to the stimulation of
platelet production. However, it is also endowed with
immune-modulating properties reducing Th1 activation (Bao
et al., 2010) and inhibiting macrophage switch toward an
inflammatory phenotype (Liu et al., 2016; Di Paola et al.,

FIGURE 1 | Eltrombopag concentration (log scale) vs. time in all patients (A) and dose-normalized eltrombopag concentration (log scale) vs. time in the three
different age groups (1–5 y, 6–11 y, and 12–17 y) (B). Patient profiles were stratified by dose: 12.5 mg (red), 25 mg (light-green), 50 mg (green), 75 mg (blue), and
100 mg (purple). EPAG: eltrombopag and DN: dose-normalized.
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2021). In this study, we propose an exploratory pharmacokinetic
evaluation of EPAG exposure in pediatric patients affected
by ITP.

In particular, our data show a high degree of inter-variability
of EPAG pharmacokinetic within the selected pediatric
population. Moreover, our results reveal a lack of EPAG dose
proportionality when analyzing the available data according to a
power model with the equivalence acceptance criterion. Such
evidence represents a novelty if compared to the already
published results. In fact, several studies have reported a
predictable and dose-proportionate PK behavior of EPAG in
ITP patients (Gibiansky et al., 2011; Matthys et al., 2011; Wire

et al., 2018). However, this discrepancy could be explained by the
fact that our data derive from a “real-life” setting where patients
are not hospitalized and, therefore, easily influenced by extrinsic
factors such as different dietary habits and poor compliance. As a
proof of this, although it was recommended to assume EPAG at
least 2 h before or 4 h after meals, at the day of the visit, the
overwhelming majority of patients (94%) did not follow the
recommendation. For example, almost 17% of patients
consumed caffeinated beverages 4 h following EPAG dose. In
terms of concomitant medications, around 35% of patients were
taking vitamins (Vitamin D, C, and B) and Mg2+/K+ saline
integrators. Conversely, literature data are based on

FIGURE 2 | (A, B)Median (black line) and geo-mean (red line) of dose-normalized Cmax (Cmax DN) and dose-normalized AUC 0–24 (AUC 0–24 DN) vs. dose (mg)
for the evaluation of dose proportionality. (C) Linear regression model with the best fit line (blue) and 90% CI (gray area) describing relationship between the extent of
systemic exposure including Cmax and AUC 0–24 (D) and dose.
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pharmacokinetic population models based on data extracted
from randomized clinical trials, where patients are enrolled
and strictly monitored throughout the study.

According to the literature, our data confirm that female
patients show a higher drug exposure compared to male
patients with an increase of 110 and 123% for Cmax DN and
AUC 0-24 DN, respectively, compared to males. Conversely, no
statistically significant differences in weight between the two
genders were found (median body weight F � 43.5 kg, M �
42.95 kg). The gender influence on drug exposure has been
well documented by Wire et al. (2018), who included sex as a
covariate influencing EPAG clearance in pediatric subjects. These
findings could be explained by a reduced metabolic activity of
CYP1A2 in females (Relling et al., 1992; Parkinson et al., 2004).

This cytochrome isoform is one of the two major enzymes
involved in the oxidative hepatic metabolism of EPAG.

Together with gender, we have also analyzed the effect of age
on EPAG exposure. Although not statistically significant, younger
children (1–5 y age group) displayed increased dose normalized
exposure PK values when compared to the children aged more
than 6 years, potentially due to a lower body weight and the
reduced hepatic EPAGmetabolism (Salem et al., 2014; Song et al.,
2017; Wire et al., 2018). Furthermore, despite the recommended
starting EPAG dose being 25 mg in children aged 1–5 y, only one
patient from this age group has been treated with this dose (mean
dose 1–5 y age group � 50 mg).

As previously reported, EPAG treatment in pediatric patients
reached a response rate between 40 and 81% (Bussel et al., 2015;

FIGURE 3 | Comparison of median (black line) and geo-mean (red line) of dose-normalized Cmax (Cmax DN) and dose-normalized AUC 0–24 (AUC 0–24 DN)
between gender (A,B) and different age groups (C,D). Median (black line) and geo-mean (red line) of exposure parameters between patients with distinct EPAG
response (E,F). M � male, F � female, C � complete response, PR � partial response, A � no response.
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Grainger et al., 2015; Neunert et al., 2016). In our study, 30
patients (83%) presented a CR characterized by higher Cmax and
AUC 0–24 geo-means compared to PR or non-responder
patients. Only 33% of the patients showed durable response.
Remarkably, among the six patients with CR in the 1–5 y age
group, four of them needed a rescue therapy during treatment.
Taking into account the monocentric nature of the study and the
incidence of ITP in the pediatric population, a limitation of this
study is the relatively contained number of enrolled subjects. This
could have impaired the comparison of exposure parameters
between the groups. An additional limitation is the extrapolation
of the concentration at a 24 h time point since the enrolled
subjects were outpatients. However, we decided not to
replicate the marketing authorization holder method (the pre-
dose sample was duplicated and analyzed as a 24 h sample under
the assumption that the PK steady state had been reached) taking
into account the variability of the drug administration time the
day before the visit in our study population (CHMP, Ema, 2011).

In conclusion, this study showed a marked variability and
unpredictability of EPAG concentrations in pediatric outpatients
affected by ITP. However, our findings confirmed the gender
influence on EPAG exposure. Furthermore, although not
statistically significant, children aged 1–5 y had increased dose-
normalized PK exposure values compared to older patients.
EPAG administration requires dose adjustment according to
PLT count throughout treatment. Therefore, a better
comprehension of PK behavior of this TPO-RA, particularly
in a real-life setting, could shed light on exposure and
response gaps in some patient subpopulations and could be a
potential tool for dose optimization during EPAG treatment.
Nevertheless, 1–5 y old patients resorted more frequently to

rescue therapy, despite higher DN exposure EPAG parameters
when compared to the other age groups. This suggests that the
response to EPAG might not be as strongly linked to PK
parameters. To sum up, these results highlight the need to
further investigate the lack of complete response persistence
and treatment-free ITP remission during and after EPAG
treatment in pediatric patients.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

MD performed data analysis, PK evaluation and elaboration of
figures; SC prepared samples and performed HPLC-MS/MS
analyses; MD and RS wrote the manuscript; FG, VP, RC, and
FR recruited patients, collected samples, and revised the
manuscript; CD-V critically revised the manuscript and edited
language; GP and BG made substantial contribution to study
conception and design.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.772873/
full#supplementary-material

REFERENCES

Acharya, C., Hooker, A. C., Türkyılmaz, G. Y., Jönsson, S., and Karlsson, M. O.
(2016). A Diagnostic Tool for Population Models Using Non-compartmental
Analysis: The Ncappc Package for R. Comput. Methods Programs Biomed. 127,
83–93. doi:10.1016/j.cmpb.2016.01.013

Argenziano, M., Tortora, C., Paola, A. D., Pota, E., Martino, M. D., Pinto, D. D.,
et al. (2021). Eltrombopag and its Iron Chelating Properties in Pediatric Acute
Myeloid Leukemia. Oncotarget 12, 1377–1387. doi:10.18632/oncotarget.28000

Bao, W., Bussel, J. B., Heck, S., He, W., Karpof, M., Boulad, N., et al. (2016).
Improved Regulatory T-Cell Activity in Patients With Chronic Immune
Thrombocytopenia Treated With Thrombopoietic Agents. Blood 116 (22),
4639–4645. doi:10.1182/blood-2010-04-281717

Burness, C. B., Keating, G. M., and Garnock-Jones, K. P. (2016). Eltrombopag: A
Review in Paediatric Chronic Immune Thrombocytopenia. Drugs 76, 869–878.
doi:10.1007/s40265-016-0581-4

Bussel, J. B., De Miguel, P. G., Despotovic, J. M., Grainger, J. D., Sevilla, J.,
Blanchette, V. S., et al. (2015). Eltrombopag for the Treatment of Children with
Persistent and Chronic Immune Thrombocytopenia (PETIT): A Randomised,
Multicentre, Placebo-Controlled Study. Lancet Haematol. 2, e315–25.
doi:10.1016/S2352-3026(15)00114-3

Committee For Proprietary Medicinal Products CPMP (2000). Note for Guidance
on the Investigation of Bioavailability and Bioequivalence.

Consolini, R., Legitimo, A., and Caparello, M. C. (2016). The Centenary of Immune
Thrombocytopenia - Part 1: Revising Nomenclature and Pathogenesis. Front.
Pediatr. 4, 102–112. doi:10.3389/fped.2016.00102

Cooper, N., and Ghanima, W. (2019). Immune Thrombocytopenia. N. Engl.
J. Med. 381, 945–955. doi:10.1056/NEJMcp1810479

Di Paola, A., Palumbo, G., Merli, P., Argenziano, M., Tortora, C., Strocchio, L., et al.
(2021). Effects of Eltrombopag on In VitroMacrophage Polarization in Pediatric
Immune Thrombocytopenia. Ijms 22, 97–12. doi:10.3390/ijms22010097

Ema, C. (2011). Assessment Report - Revolade, 44, 1–6.
European Union (2008). Ethical Considerations for Clinical Trials on Medicinal

Products Conducted with the Paediatric Population. Eur. J. Health L. 15,
223–250. doi:10.1163/157180908X333228

Fattizzo, B., Levati, G., Cassin, R., and Barcellini, W. (2019). Eltrombopag in
Immune Thrombocytopenia, Aplastic Anemia, andMyelodysplastic Syndrome:
From Megakaryopoiesis to Immunomodulation. Drugs 79, 1305–1319.
doi:10.1007/s40265-019-01159-0

Fogarty, P. F., and Segal, J. B. (2007). The Epidemiology of Immune
Thrombocytopenic Purpura. Curr. Opin. Hematol. 14, 515–519. doi:10.1097/
MOH.0b013e3282ab98c7

Gibiansky, E., Zhang, J., Williams, D., Wang, Z., and Ouellet, D. (2011). Population
Pharmacokinetics of Eltrombopag in Healthy Subjects and Patients with
Chronic Idiopathic Thrombocytopenic Purpura. J. Clin. Pharmacol. 51 (6),
842–856. Available at: www.icondevsolutions.com.

Grainger, J. D., Locatelli, F., Chotsampancharoen, T., Donyush, E., Pongtanakul, B.,
Komvilaisak, P., et al. (2015). Eltrombopag for Children with Chronic Immune
Thrombocytopenia (PETIT2): A Randomised, Multicentre, Placebo-Controlled
Trial. Lancet 386, 1649–1658. doi:10.1016/S0140-6736(15)61107-2

He, R., Reid, D., Jones, C., and Shulman, N. (1994). Spectrum of Ig Classes,
Specificities, and Titers of Serum Antiglycoproteins in Chronic Idiopathic
Thrombocytopenic Purpura. Blood 83, 1024–1032. doi:10.1182/
blood.v83.4.1024.bloodjournal8341024

Johnsen, J. (2012). Pathogenesis in Immune Thrombocytopenia: New Insights.
Hematol. Am. Soc. Hematol. Educ. Program 2012, 306–312. doi:10.1182/
asheducation.v2012.1.306.3798320

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7728738

Dionisi et al. Eltrombopag Pharmacokinetic in ITP Pediatric Patients

https://www.frontiersin.org/articles/10.3389/fphar.2021.772873/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.772873/full#supplementary-material
https://doi.org/10.1016/j.cmpb.2016.01.013
https://doi.org/10.18632/oncotarget.28000
https://doi.org/10.1182/blood-2010-04-281717
https://doi.org/10.1007/s40265-016-0581-4
https://doi.org/10.1016/S2352-3026(15)00114-3
https://doi.org/10.3389/fped.2016.00102
https://doi.org/10.1056/NEJMcp1810479
https://doi.org/10.3390/ijms22010097
https://doi.org/10.1163/157180908X333228
https://doi.org/10.1007/s40265-019-01159-0
https://doi.org/10.1097/MOH.0b013e3282ab98c7
https://doi.org/10.1097/MOH.0b013e3282ab98c7
www.icondevsolutions.com
https://doi.org/10.1016/S0140-6736(15)61107-2
https://doi.org/10.1182/blood.v83.4.1024.bloodjournal8341024
https://doi.org/10.1182/blood.v83.4.1024.bloodjournal8341024
https://doi.org/10.1182/asheducation.v2012.1.306.3798320
https://doi.org/10.1182/asheducation.v2012.1.306.3798320
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Kim, T. O., Despotovic, J., and Lambert, M. P. (2018). Eltrombopag for Use in
Children with Immune Thrombocytopenia. Blood Adv. 2, 454–461.
doi:10.1182/bloodadvances.2017010660

Kühne, T., Berchtold, W., Michaels, L. A., Wu, R., Donato, H., Espina, B., et al.
(2011). Newly Diagnosed Immune Thrombocytopenia in Children and Adults:
A Comparative Prospective Observational Registry of the Intercontinental
Cooperative Immune Thrombocytopenia Study Group. Haematologica 96,
1831–1837. doi:10.3324/haematol.2011.050799

Liu, X. G., Liu, S., Feng, Q., Liu, X. N., Li, G. S., Sheng, Z., et al. (2016).
Thrombopoietin Receptor Agonists Shift the Balance of Fcγ Receptors
toward Inhibitory Receptor IIb on Monocytes in ITP. Blood 128, 852–861.
doi:10.1182/blood-2016-01-690727

Matthys, G., Park, J. W., McGuire, S., Wire, M. B., Bowen, C., Williams, D., et al.
(2011). Clinical Pharmacokinetics, Platelet Response, and Safety of
Eltrombopag at Supratherapeutic Doses of up to 200 Mg once Daily in
Healthy Volunteers. J. Clin. Pharmacol. 51, 301–308. doi:10.1177/
0091270010368677

Neunert, C., Despotovic, J., Haley, K., Lambert, M. P., Nottage, K., Shimano, K.,
et al. (2016). Thrombopoietin Receptor Agonist Use in Children: Data from the
Pediatric ITP Consortium of North America ICON2 Study. Pediatr. Blood
Cancer 63, 1407–1413. doi:10.1002/pbc.26003

Parkinson, A., Mudra, D. R., Johnson, C., Dwyer, A., and Carroll, K. M. (2004). The
Effects of Gender, Age, Ethnicity, and Liver Cirrhosis on Cytochrome P450
Enzyme Activity in Human Liver Microsomes and Inducibility in Cultured
Human Hepatocytes. Toxicol. Appl. Pharmacol. 199, 193–209. doi:10.1016/
j.taap.2004.01.010

Relling, M. V., Lin, J., and Ayers, G. D. (1992). Racial and Gender Differences in
N-Acetyltran"sferase, Xanthine Oxidase, and CYP 1A2* Activities. Clin.
Pharmacol. Ther. 52 (6), 643–658. doi:10.1038/clpt.1992.203

Rodeghiero, F., Stasi, R., Gernsheimer, T., Michel, M., Provan, D., Arnold, D. M.,
et al. (2009). Standardization of Terminology, Definitions and Outcome
Criteria in Immune Thrombocytopenic Purpura of Adults and Children:
Report from an International Working Group. Blood 113, 2386–2393.
doi:10.1182/blood-2008-07-162503

Ruslami, R., Nijland, H. M., Alisjahbana, B., Parwati, I., Van Crevel, R., and
Aarnoutse, R. E. (2007). Pharmacokinetics and Tolerability of a Higher
Rifampin Dose versus the Standard Dose in Pulmonary Tuberculosis
Patients. Antimicrob. Agents Chemother. 51, 2546–2551. doi:10.1128/
AAC.01550-06

Salem, F., Johnson, T. N., Abduljalil, K., Tucker, G. T., and Rostami-Hodjegan, A.
(2014). A Re-evaluation and Validation of Ontogeny Functions for Cytochrome
P450 1A2 and 3A4 Based on In Vivo Data. Clin. Pharmacokinet. 53, 625–636.
doi:10.1007/s40262-014-0140-7

Schifferli, A., Holbro, A., Chitlur, M., Coslovsky, M., Imbach, P., Donato, H., et al.
(2018). A Comparative Prospective Observational Study of Children and Adults
with Immune Thrombocytopenia: 2-year Follow-Up. Am. J. Hematol. 93,
751–759. doi:10.1002/ajh.25086

Schoonen, W. M., Kucera, G., Coalson, J., Li, L., Rutstein, M., Mowat, F., et al.
(2009). Epidemiology of Immune Thrombocytopenic Purpura in the General
Practice Research Database. Br. J. Haematol. 145, 235–244. doi:10.1111/j.1365-
2141.2009.07615.x

Food and Drug Administration (FDA) and Center for Drug Evaluation and
Research (CDER) (2001). Guidance for Industry: Patient-Reported Outcome
Measures: Use in Medical Product Development to Support Labeling Claims:
Draft Guidance. Health Qual. Life Outcomes 4, 79. doi:10.1186/1477-7525-
4-79

Song, G., Sun, X., Hines, R. N., McCarver, D. G., Lake, B. G., Osimitz, T. G.,
et al. (2017). Determination of Human Hepatic CYP2C8 and
CYP1A2 Age-dependent Expression to Support Human Health Risk
Assessment for Early Ages. Drug Metab. Dispos. 45, 468–475.
doi:10.1124/dmd.116.074583

Terrell, D. R., Beebe, L. A., Vesely, S. K., Neas, B. R., Segal, J. B., and George, J. N.
(2010). The Incidence of Immune Thrombocytopenic Purpura in Children and
Adults: A Critical Review of Published Reports. Am. J. Hematol. 85, 174–180.
doi:10.1002/ajh.21616

Vianelli, N., Valdrè, L., Fiacchini, M., De Vivo, A., Gugliotta, L., Catani, L., et al.
(2001). Long-term Follow-Up of Idiopathic Thrombocytopenic Purpura in 310
Patients. Haematologica 86 (5), 504–509.

Wire, M. B., Li, X., Zhang, J., Sallas, W., Aslanis, V., and Ouatas, T. (2018).
Modeling and Simulation Support Eltrombopag Dosing in Pediatric Patients
with Immune Thrombocytopenia. Clin. Pharmacol. Ther. 104, 1199–1207.
doi:10.1002/cpt.1066

Wong, R. S. M., Saleh, M. N., Khelif, A., Salama, A., Portella, M. S. O., Burgess, P.,
et al. (2017). Safety and Efficacy of Long-Term Treatment of Chronic/persistent
ITP with Eltrombopag: Final Results of the EXTEND Study. Blood 130,
2527–2536. doi:10.1182/blood-2017-04-748707

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article or claim that may be made by its manufacturer is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Dionisi, Cairoli, Simeoli, De Gennaro, Paganelli, Carta, Rossi,
Dionisi-Vici, Palumbo and Goffredo. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7728739

Dionisi et al. Eltrombopag Pharmacokinetic in ITP Pediatric Patients

https://doi.org/10.1182/bloodadvances.2017010660
https://doi.org/10.3324/haematol.2011.050799
https://doi.org/10.1182/blood-2016-01-690727
https://doi.org/10.1177/0091270010368677
https://doi.org/10.1177/0091270010368677
https://doi.org/10.1002/pbc.26003
https://doi.org/10.1016/j.taap.2004.01.010
https://doi.org/10.1016/j.taap.2004.01.010
https://doi.org/10.1038/clpt.1992.203
https://doi.org/10.1182/blood-2008-07-162503
https://doi.org/10.1128/AAC.01550-06
https://doi.org/10.1128/AAC.01550-06
https://doi.org/10.1007/s40262-014-0140-7
https://doi.org/10.1002/ajh.25086
https://doi.org/10.1111/j.1365-2141.2009.07615.x
https://doi.org/10.1111/j.1365-2141.2009.07615.x
https://doi.org/10.1186/1477-7525-4-79
https://doi.org/10.1186/1477-7525-4-79
https://doi.org/10.1124/dmd.116.074583
https://doi.org/10.1002/ajh.21616
https://doi.org/10.1002/cpt.1066
https://doi.org/10.1182/blood-2017-04-748707
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Pharmacokinetic Evaluation of Eltrombopag in ITP Pediatric Patients
	Introduction
	Materials and Methods
	Study Design and Procedures
	Drug Assay
	Pharmacokinetic Analysis
	Statistical Analysis

	Results
	Patients
	Concentration–Time Profile of EPAG in Our Pediatric Population
	Evaluation of Dose Proportionality Following EPAG Oral Administration
	Influence of Gender and Age on EPAG Exposure
	Differences in Cmax and AUC among Patients with Partial, Complete, and Durable Response to EPAG Therapy

	Discussion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


