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Thrombopoietin regulates platelet production through activation of the thrombopoietin receptor (TPO-R). TPO-R
agonists (TPO-RAs) are available to treat thrombocytopenia in chronic immune thrombocytopenia (ITP), chronic
liver disease (CLD) patients who are undergoing a procedure, severe aplastic anemia (SAA), and hepatitis C virus
(HCV) infection. There are four TPO-RAs approved in the US and Europe: romiplostim (ITP), eltrombopag (ITP,
SAA, HCV), avatrombopag (ITP, CLD), and lusutrombopag (CLD). It is important to understand pharmacological
characteristics of these agents when evaluating treatment options. Avatrombopag interacts with the trans
membrane domain of the TPO-RA and does not compete with endogenous thrombopoietin for TPO-R binding.
Structural differences between avatrombopag and other TPO-RAs may impart differential downstream effects on
cell signaling pathways, potentially resulting in clinically relevant differences in outcome. Avatrombopag has a
favorable pharmacological profile with similar exposure in Japanese, Chinese, or Caucasian patients and no
drug–drug interactions, food interactions, or potential for chelation.

1. Introduction
Conceptually based on the red blood cell regulator erythropoietin,
thrombopoietin (TPO, c-Mpl ligand) was first proposed in 1958, but it
was not until 1994 that this hematopoietic growth factor was isolated
[1–7]. The TPO receptor (TPO-R, c-Mpl) had been previously identified
and sequenced in 1992, but its ligand remained unknown until TPO was
discovered [8]. TPO is synthesized as a proprotein, primarily in the liver,
followed by signal peptide cleavage, glycosylation, and release into the
blood stream [2]. Functionally, TPO/TPO-R binding induces several
signal transduction pathways (eg, JAK, STAT, MAP kinase, and antiapoptotic pathways), resulting in mitosis, endomitosis, maturation,
and anti-apoptotic effects in megakaryocyte precursors and megakar
yocytes [2,9–13]. TPO is responsible for regulating platelet production
and is critical for hematopoietic stem cell growth and function [14,15].
In 1994 recombinant human TPO (rhTPO) and pegylated recombi
nant human megakaryocyte growth and development factor (PEGrHuMGDF) [16] underwent development to treat thrombocytopenia.
These initial efforts were abandoned in 1998 [16] after some healthy
volunteers and chemotherapy patients developed autoantibodies to
PEG-rHuMGDF that cross-reacted with endogenous thrombopoietin and
caused thrombocytopenia [16–19]. Although not observed with rhTPO,

further development efforts for both of these molecules were abandoned
in the West by 2001 [19]. However, development efforts continued in
China where rhTPO (TPIAO®) is now approved and commonly used to
treat chemotherapy-induced thrombocytopenia (CIT; https://www.mi
ms.com/thailand/drug/info/tpiao) and chronic immune thrombocyto
penia (ITP) [20].
Because first-generation recombinant molecules showed clinical
benefit, second-generation agents were designed to be sufficiently
structurally unique from endogenous TPO to avoid development of TPOreactive antibodies and to have different pharmacologic attributes. The
first of these was the peptibody romiplostim (AMG531) [16,21], which
was created by combining the IgG1 Fc portion with four 14-amino acid
peptides (IEGPTLRQWLAARA) [2,22–24]. This recombinant protein has
a binding affinity comparable to that of endogenous TPO for the TPO-R
[2,22] and competes with endogenous TPO for TPO-R occupancy [25].
Romiplostim was followed by small-molecule TPO-R agonists (TPO-RAs)
eltrombopag, avatrombopag, and lusutrombopag, all of which bind to
the same site in the transmembrane domain of the TPO-R, a region
distinctly different from that where TPO and romiplostim bind [26–30].
Currently, all of these TPO-RAs are widely used in multiple clinical
areas. Hetrombopag is another similar oral TPO-RA that is under
development in China for multiple thrombocytopenic disorders
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[31–37].
Here, we provide an extensive review of the discovery, clinical
development, and current and potential future clinical uses for ava
trombopag in the context of the other currently approved TPO-RAs.
Differentiation points between avatrombopag and other TPO-RAs will
be discussed.

2.1. Immune thrombocytopenia
There are approximately 3.3 new cases of ITP per 100,000 adults in
the US annually; the overall prevalence is 9.5 cases per 100,000 for
adults and 5.3 cases per 100,000 for children [42]. Current treatment
guidelines recommend steroids, intravenous immunoglobin treatment,
or anti-D as initial treatment for ITP [43]. Several treatment options
including TPO-RAs [43–45] are available for patients who are steroiddependent or refractory to steroids. Early clinical trials showed a du
rable platelet response (platelet count ≥50 × 109/L during 6 or more of
the last 8 weeks of treatment) in 51% of romiplostim-treated patients
with ITP vs 2% receiving placebo [46]. Compared with standard of care,
romiplostim-treated patients were more than twice as likely to have had
a platelet response (platelet count >50 × 109/L), experienced treatment
failure less frequently, and had a longer time to treatment failure [47].
Romiplostim was also efficacious in children with ITP [48]. A durable

2. Clinical uses for TPO-RAs
TPO-RAs are used to treat thrombocytopenia in a variety of disease
states (Table 1) and are approved in the US and Europe for several in
dications, including ITP (romiplostim, eltrombopag, and ava
trombopag), chronic liver disease (CLD; avatrombopag and
lusutrombopag), severe aplastic anemia (SAA; eltrombopag), and hep
atitis C virus infection (eltrombopag) during antiviral therapy
[21,26,28,29].
Table 1
Approvals of available TPO-RAs in the US and European Union.
FDA

EMA

ITP

Avatrombopag [26,38]

Eltrombopag [28,39]

Romiplostim [21,40]

Lusutrombopag [29,41]

Thrombocytopenia in adult patients
with chronic ITP who have had an
insufficient response to a previous
treatment

Treatment of thrombocytopenia in adult
and pediatric patients 1 year and older
with chronic ITP who have had an
insufficient response to corticosteroids,
immunoglobulins, or splenectomy.
Eltrombopag should be used only in
patients with ITP whose degree of
thrombocytopenia and clinical condition
increase the risk for bleeding

Adult patients with ITP who have had
an insufficient response to
corticosteroids, immunoglobulins, or
splenectomy

NA

CLD

Thrombocytopenia in adult patients
with CLD who are scheduled to
undergo a procedure

NA

SAA

NA

Use in combination with standard
immunosuppressive therapy for the firstline treatment of adult and pediatric
patients 2 years and older with SAA

HCV

NA

ITP

SAA

Indicated for the treatment of
primary chronic ITP in adult patients
who are refractory to other
treatments (eg, corticosteroids,
immunoglobulins)
Indicated for the treatment of severe
thrombocytopenia in adult patients
with CLD who are scheduled to
undergo an invasive procedure
NA

HCV

NA

CLD

Treatment of patients with SAA who have
had an insufficient response to
immunosuppressive therapy
Treatment of thrombocytopenia in patients
with chronic hepatitis C to allow the
initiation and maintenance of interferonbased therapy (only in patients with
chronic hepatitis C whose degree of
thrombocytopenia prevents the initiation
of interferon-based therapy or limits the
ability to maintain interferon-based
therapy)
Indicated for the treatment of patients 1
year and older with primary ITP lasting 6
months or longer from diagnosis and who
are refractory to other treatments (eg,
corticosteroids, immunoglobulins)
NA

Indicated in adult patients with acquired
SAA who were either refractory to prior
immunosuppressive therapy or heavily
pretreated and are unsuitable for
hematopoietic stem cell transplantation
Indicated in adult patients with chronic
HCVi for the treatment of
thrombocytopenia, where the degree of
thrombocytopenia is the main factor
preventing the initiation or limiting the
ability to maintain optimal interferonbased therapy

Pediatric patients 1 year and older with
ITP for at least 6 months who have had
an insufficient response to
corticosteroids, immunoglobulins, or
splenectomy
NA

NA

Treatment of thrombocytopenia
in adult patients with CLD who
are scheduled to undergo a
procedure
NA

NA

NA

Indicated for the treatment of primary
ITP in adult patients of pediatric
patients 1 year or older who are
refractory to other treatments (eg,
corticosteroids, immunoglobulins)
NA

NA

NA

Indicated for the treatment of
severe thrombocytopenia in
adult patients with CLD
undergoing invasive procedures
NA

NA

NA

CLD, chronic liver disease; EMA, European Medicines Agency; FDA, Food and Drug Administration; HCV, hepatitis C virus infection; ITP, immune thrombocytopenia;
NA, not available; SAA, severe aplastic anemia.
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platelet response (for at least 75% of the assessments) was reported in
38% of eltrombopag-treated adult patients with ITP [44] and 42% of
those in an extended study of adult patients with chronic ITP [49].
Emerging evidence indicates that TPO-RAs might have a role in firstline therapy. A recent clinical trial reported higher response rates at
month 6 in ITP patients treated with first-line high-dose dexamethasone
plus daily subcutaneous rhTPO vs high-dose dexamethasone alone
(51.0% vs 36.5%, P = .02); duration of response was also longer [50]. In
an uncontrolled study of 50 newly diagnosed ITP patients, addition of
eltrombopag for 12 weeks to pulsed dexamethasone (1–3 courses) was
associated with a 56.5% rate of treatment-free remission (platelet counts
>50 × 109/L for over 6 months in the absence of any ITP treatment)
[51].

bone marrow suppression by toxic substances (eg, alcohol or viral
infection), and/or chronic ITP related to hepatitis C infection [54]. TPO
levels appear to correlate directly with the degree of thrombocytopenia
[55].
Invasive therapeutic procedures associated with CLD, including liver
biopsy, chemoembolization, transjugular intrahepatic portosystemic
shunts, biliary procedures, and certain dental procedures have a risk of
causing bleeding [54–56]. Increased risk of bleeding in patients with
CLD is not solely caused by thrombocytopenia; alterations in other
components of the hemostatic system, such as coagulation factors and
inhibitors, fibrinolytic proteins, and endothelial-derived proteins, also
contribute to the complexity of the bleeding diathesis in CLD [57]. For
these patients, platelet transfusion is commonly administered prior to an
invasive procedure [58]. However, transfusion has some disadvantages,
such as potential for allergic reactions, product availability, high cost,
and alloimmunization [58]. The TPO-RAs represent an alternative to
platelet transfusions. Initial studies with eltrombopag treatment in
thrombocytopenic CLD patients prior to a procedure showed that
platelet transfusions were reduced but there was an increased rate of
portal vein thrombosis (PVT) [59]. This study was hampered by the
failure to perform screening radiographic procedures for PVT in all

2.2. Chronic liver disease
In the US, 4.5 million adults (~1.8% of the total population) were
living with CLD in 2018 and 44,358 CLD deaths were reported in 2019
[52]. CLD is associated with thrombocytopenia; approximately 90% of
patients with liver cirrhosis have thrombocytopenia [53]. In CLD,
thrombocytopenia may be caused by low TPO levels, hypersplenism,

Fig. 1. Structure of available TPO-RAs.
Structures of avatrombopag, eltrombopag, lusutrombopag, romiplostim, and hetrombopag. The pink bars in the romiplostim structure represent the 14-amino acid
peptide sequence, IEGPTLRGWLAARA that binds to the TPO receptor.
Hetrombopag figure provided courtesy of Jiangsu Hengrui Pharmaceuticals.
TPO, thrombopoietin; TPO-RA, thrombopoietin receptor agonist. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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dose of cyclosporine for the duration of the study. A phase 1/2 study of
eltrombopag plus horse antithymocyte globulin and cyclosporine re
ported a complete therapeutic response (absolute neutrophil count
≥1000/μL, hemoglobin level ≥ 10 g/dL, and platelet count ≥100,000/
μL) in 36% of patients (58% in the cohort with the longest eltrombopag
exposure) [67]. The rate of overall response (month 6) was 80% (94% in
the cohort with the longest eltrombopag exposure). For comparison, a
historical cohort of patients who received 2-drug immunosuppressive
therapy for SAA had a complete response rate of 10% and an overall
response rate of 66%.
3. Avatrombopag—structure and function
3.1. Discovery
Avatrombopag, a small molecule TPO-RA, was discovered using
high-throughput screening to identify orally active small molecules that
promoted the proliferation of human TPO-R transfected murine Ba/F3
cells [68]. Small molecules have several potential advantages over other
drug types, including a likely lack of immunogenicity, oral routes of
administration, and potentially reduced production costs [68]. Ava
trombopag is only active in humans and chimpanzees [68]. Researchers
showed that the TPO-R histidine residue at position 499, which is
located in the transmembrane domain, was critical for avatrombopag
activity [27]. Human and chimpanzee TPO-Rs contain histidine at po
sition 499, while other species contain a leucine, thus explaining the
species specificity [27]. Several features of avatrombopag made it
attractive for clinical development, including that it is orally active, it is
active in chimpanzees (ease of preclinical pharmacokinetic [PK] and
toxicology studies), and its activity is dependent on the binding in the
transmembrane domain, rather than the TPO binding site. During its
development, avatrombopag has had a number of names including AKR501, AKR-501 monomaleate, YM-477, E-5501, and avatrombopag ma
leate [69]; it is sold under the brand name Doptelet® [26,38].

Fig. 2. Effect of avatrombopag and TM41 on 125I-TPO binding to human
platelets [84].
Binding of 125I-TPO was measured using human platelet-rich plasma in the
presence of increasing concentrations of avatrombopag (■), and TM41 (●).
Avatrombopag did not compete for TPO binding whereas the non-peptide TPO
agonist TM41 did compete. Data are presented as mean ± standard error (n =
5).
TPO, thrombopoietin.
From Fukushima-Shitani et al. AKR-501 (YM477) in combination with throm
bopoietin enhances human megakaryocytopoiesis. Experimental Hematology
2008;36:1337–42. Reprinted with permission.

patients as well as a prolonged exposure to eltrombopag. In contrast,
brief pre-procedure use of avatrombopag and lusutrombopag was not
associated with an increased rate of thrombosis but did reduce the
incidence of pre-procedure platelet transfusions and post-procedure
bleeding risks [60,61].

3.2. Structure
The formal chemical name of avatrombopag (avatrombopag male
ate) is 4-piperidinecarboxylic acid, 1-[3-chloro-5-[[[4-(4-chloro-2thienyl)-5-(4-cyclohexyl-1-piperazinyl)-2-thiazolyl]amino]carbonyl]-2pyridinyl]-, (2Z)-2-butenedioate (1:1), and the chemical formula is
C29H34Cl2N6O3S2 ⋅ C4H4O4 (molecular weight: 765.73) [26]. The
structure of avatrombopag, along with that of the three other available
TPO-RAs and the one under development in China (hetrombopag), is
shown in Fig. 1. There are a number of differences between ava
trombopag and the other TPO-RAs, which may be related to structural
differences. As noted, avatrombopag binds the TPO-R transmembrane
domain and does not compete with endogenous TPO for binding, as does
the peptide TPO-RA romiplostim [70]. Other non-peptide TPO-RA
(eltrombopag and lusutrombopag) are also thought to interact at the
transmembrane domain [29,71–74]. Like avatrombopag, eltrombopag
and lusutrombopag are reported to interact specifically with the His499
in the transmembrane domain of TPO-RA [75,76]. Eltrombopag is also
reported to interact with a few distinct residues in the extracellular
juxtamembrane region of TPO-RA [75]. Downstream effects on cell
signal transduction pathways also differ between the TPO nonpeptide
TPO-RA and romiplostim; the latter has a greater effect on AKT and
JAK/STAT activation [77]. Additionally, romiplostim may modestly
enhance platelet aggregation in patients with ITP [78].
Avatrombopag does not have the potential for chelation of cations or
iron and requires no dietary restrictions with its administration; indeed,
food administration may enhance the PK of avatrombopag [26,79]. This
is in contrast to eltrombopag, which chelates polyvalent cations and as a
result should be taken at least 2 h before or 4 h after consuming a
calcium-rich meal or medication containing polyvalent cations [28,79].
Eltrombopag’s iron chelation effect may lead to tissue discoloration and

2.3. Severe aplastic anemia
SAA is an autoimmune disorder mediated in part by T cells that cause
bone marrow myelosuppression by abnormal production of Th1 cyto
kines, particularly interferon gamma (IFN-γ) [62]. Patients have a
dramatically reduced level of hematopoietic stem and progenitor cells
[63]. A recent study demonstrated that IFN-γ disturbed TPO-induced
signaling pathways, likely as a result of the ability of IFN-γ to disrupt
TPO/TPO-R interactions [63]. Although this needs to be further inves
tigated, these studies provided some evidence that IFN-γ may form a
heterodimer with TPO and neutralize its effect [63], potentially
providing mechanistic insights into the development of SAA as IFN-γ is
upregulated in these patients [62]. But IFN-γ did not disrupt the
eltrombopag/TPO-R interactions, which may explain why eltrombopag
improved hematopoiesis in patients with chronic inflammation and SAA
despite elevated TPO [63]. While not tested, this may also be true for
avatrombopag, given that both avatrombopag and eltrombopag bind to
the transmembrane domain of the TPO-R [27]. Romiplostim also seems
to avoid this inhibition by IFN-γ, which may explain why romiplostim
has a salutary benefit in patients with aplastic anemia; it is approved for
the treatment of those patients in Japan [64,65].
Eltrombopag has demonstrated clinical efficacy in patients with SAA
either alone or with cyclosporine and horse antithymocyte globulin. In
patients with persistent pancytopenia refractory to immunosuppressive
therapy, eltrombopag induced clinically significant response in 40% of
patients [66]. Three of 43 eltrombopag-treated patients received a stable
4
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may create/exacerbate iron deficiency in some patients, particularly
those with idiopathic thrombocytopenia [80,81]. Other unexpected
complications, such as inhibition of inducible T-cell cytokine secretion,
may also occur as a result of this iron chelation [82].

Nomoto et al. [86]). Drug–drug interactions (P-glycoprotein inhibitors,
CYP) were also analyzed (Dova Pharmaceuticals data on file and Nom
oto et al. [86]). The phase 1 clinical trials discussed herein are sum
marized in Table 2.
Based on PK models using data from two phase 1 dose-escalating,
placebo-controlled studies, avatrombopag had an average half-life of
19 h (independent of dose) and broad intracellular distribution based on
its apparent high volume of distribution, which supported once-daily
dosing (Dova Pharmaceuticals data on file and Kuter and Allen [85].
In healthy male volunteers, 14C-labeled avatrombopag was used to
assess metabolism and secretion (Dova Pharmaceuticals data on file).
Elimination was primarily (88%) fecal, and only 6% was renally
excreted, indicating that renal disease is unlikely to affect drug meta
bolism. Regarding metabolites, 77.3% of the drug-related material in the
feces (Fig. 4) consisted of either avatrombopag (33.5%) or 4-OH-ava
trombopag (43.8%). Metabolites were primarily produced through
metabolism by CYP2C9 isoenzymes and CYP3A4; oxidative metabolism
was primarily mediated by CYP2C9.
Population PK analysis showed that multiple factors did not affect PK
parameters of avatrombopag. Neither mild to moderate renal impair
ment nor any hepatic impairment had clinically meaningful effects on
PK, although patients with CLD had a 65% higher apparent central
volume than healthy participants [26,86]. Additionally, age, sex, race,
creatinine clearance, prothrombin international normalization ratio,
and concomitant use of medications affecting stomach acidity did not
significantly affect PK (Dova Pharmaceuticals data on file and pre
scribing information [26]).
Avatrombopag was developed as a tablet formulation with linear
pharmacokinetics; it is released within 30–45 min and reaches peak
exposure within 6–8 h of dosing (Dova Pharmaceuticals data on file and
Nomoto et al. [86]). The relative bioavailability is 74.5% [86].
Preclinical studies found that avatrombopag was unlikely to cause
clinically relevant drug interactions with CYP enzymes and drug trans
porters, with only a minor effect on inhibition of P-glycoprotein trans
porter activity (Dova Pharmaceuticals data on file). Coadministration of
avatrombopag and one of three selective CYP2C9/3A inhibitors or in
ducers (fluconazole [moderate dual CYP2C9/3A inhibitor], itraconazole
[CYP3A inhibitor], or rifampicin [strong CYP3A inhibitor/moderate
CYP2C9 inducer]) was evaluated [87]. Coadministration with flucona
zole led to a prolonged avatrombopag half-life and a clinically signifi
cant increase in maximum platelet count; coadministration with
itraconazole had a relatively mild increase for both PK and PD, and
coadministration with rifampin shortened the avatrombopag half-life
but had no effect on maximum platelet count. An unpublished study
of coadministration with verapamil (P-glycoprotein inhibitor and
moderate CYP3A inhibitor) or cyclosporine (P-glycoprotein inhibitor)
demonstrated that both had a relatively small effect on systemic ava
trombopag exposure; no clinically important effects were observed
(Dova Pharmaceuticals data on file and prescribing information [26]).
Dose adjustment with concomitant use of CYP3A and CYP2C9 inter
acting drugs is unnecessary when treating patients with CLD given a
short 5-day treatment course [86], but is recommended for ITP patients
undergoing longer treatment courses.
PD parameters were not significantly affected by patient character
istics, including age, sex, Model for End-Stage Liver Disease (MELD)
score, Child-Turcotte-Pugh (CTP) score, etiology of CLD, presence of
hepatocellular carcinoma, splenomegaly, or use in combination with
corticosteroids (Dova Pharmaceuticals data on file). A study evaluating
PK, PD, safety, and tolerability of avatrombopag for healthy Caucasian,
Chinese, and Japanese participants revealed that the single dose PK was
similar among all participants and was dose proportional, although
somewhat less so in Japanese participants vs Caucasian and Chinese
participants (Dova Pharmaceuticals data on file). No clinically signifi
cant differences were observed in PK or PD parameters between
Caucasian or Japanese patients who received avatrombopag. These
findings are important, given that in East Asian patients, it is

3.3. Cell culture studies
In vitro assays were used to evaluate the effect of increasing con
centrations of avatrombopag or TM41 (a molecule that inhibits TPO:
TPO-R binding [83]) on 125I-rhTPO binding to human platelets [84].
Avatrombopag did not inhibit TPO:TPO-R binding (Fig. 2), indicating
binding at a different location than rhTPO. Additionally, there was a
synergistic effect when both rhTPO and avatrombopag were added to
cultures of human CD34+ cells. In the presence of 3 nM rhTPO (con
centration with the maximum effect on megakaryocyte differentiation),
addition of avatrombopag increased the number of differentiated
megakaryocytes in a dose-dependent way (Fig. 3A); 3 μM avatrombopag
+3 nM rhTPO resulted in ~200% increase in megakaryocytes compared
with 3 nM rhTPO alone. While avatrombopag alone increased the
numbers of hematopoietic and megakaryocytic progenitor cells in a
dose-dependent fashion, the combination of avatrombopag plus rhTPO
resulted in an increase greater than either avatrombopag or rhTPO alone
(Fig. 3B & 3C). Avatrombopag stimulated megakaryocyte colony for
mation in a concentration-dependent fashion in human cord blood
CD34+ cells, with an EC50 of 25.0 ± 7.8 nM and a maximum activity
similar to rhTPO [68]. Colonies stimulated with avatrombopag or rhTPO
had similar morphological features, and in liquid culture, both agents
induced polyploidization of megakaryocytes produced from granulocyte
colony-stimulating factor (G-CSF) mobilized CD34+ peripheral blood
cells. Together, these data suggested that the in vitro effects of ava
trombopag are similar to those of rhTPO.
For comparison, eltrombopag and lusutrombopag stimulated mega
karyocyte colony formation with an EC50 of 100 nM and 310 nM,
respectively [74,76]. Avatrombopag, eltrombopag, and lusutrombopag
stimulated proliferation of Ba/F3 cells expressing the human TPO re
ceptor with an EC50 of 3.3, 30, and 84 nM, respectively [68,74,76].
Similar data are not available for romiplostim.
3.4. Animal studies
Mouse studies for avatrombopag used non-obese diabetic/severe
combined immunodeficiency (NOD/SCID) mice transplanted with
human fetal liver CD34+ cells [68]. At 4 weeks post-transplantation,
human platelets first appeared in the peripheral blood of the mice and
were observed for >6 months post-transplant. Mice stably producing
human platelets were treated with oral avatrombopag (0.3, 1, or 3 mg/
kg/day) for 14 days, which resulted in a dose-dependent and significant
increase in human platelets vs untreated mice (1 mg/kg/day [minimum
effective dose], 2.7-fold increase; P < .05; 3 mg/kg/day, 3.0-fold in
crease; P < .01).
4. Avatrombopag—clinical development
4.1. Key clinical pharmacology data
The clinical pharmacology program for avatrombopag established
the PK profile, elimination pathways, and drug–drug interaction effects
associated with varying oral formulations of the medication and
included pharmacological assessments in animals, healthy volunteers,
and patients with thrombocytopenia associated with ITP and CLD (Dova
Pharmaceuticals data on file). Fifteen phase 1 studies were conducted in
healthy participants of multiple races; avatrombopag dosing ranged
from 1.0 to 100 mg (Dova Pharmaceuticals data on file and Kuter and
Allen [85]). The intrinsic effects of race on PK/pharmacodynamics (PD)
were examined, as well as the effect of food on the PK, exposure, and
bioavailability of avatrombopag (Dova Pharmaceuticals data on file and
5
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Fig. 3. Avatrombopag increases the number of human megakaryocytes, hematopoietic progenitor cells, and megakaryocytic progenitor cells in vitro [84].
Granulocyte colony-stimulating factor–mobilized human peripheral blood CD34+ cells (10,000 cells/well in 24-well plate) were cultured for 14 days in serum-free
liquid medium in the presence of avatrombopag (■), TPO (◆), or 3 nM TPO + avatrombopag (▴). The numbers of (A) megakaryocytes (CD34− CD41+ cells), (B)
hematopoietic progenitor cells (CD34+CD41− cells), and (C) megakaryocytic progenitor cells (CD34+CD41+ cells) were counted using flow cytometry. Data represent
mean ± standard error of five independent experiments.
* P < .05, ** P < .01, ***P < .001 compared with 3 nM TPO using Dunnett’s.
TPO, thrombopoietin.
From Fukushima-Shitani et al. AKR-501 (YM477) in combination with thrombopoietin enhances human megakaryocytopoiesis. Experimental Hematology
2008;36:1337–42. Reprinted with permission.

recommended to start eltrombopag treatment at a lower dose because
plasma exposure is higher in East Asians than non-Asians [88,89]. A
lower starting dose of eltrombopag is also recommended for patients
with liver dysfunction [28]. Compared with eltrombopag, ava
trombopag may have a greater predictability of treatment effect due to a
more predictable drug exposure across a diverse array of patients.
Results from a dedicated clinical study evaluating the effects of a
single (100-mg) dose of avatrombopag on the QTc interval and from an
integrated PK-QTcF interval analysis (including phase 3 data) demon
strated no effect of avatrombopag on the QTc interval (Dova Pharma
ceuticals data on file).

4.2. Avatrombopag pharmacology vs other TPO-RAs
Avatrombopag, eltrombopag, and lusutrombopag have a similar
half-life and excretion mechanism, while romiplostim differs, likely due
to its peptibody structure. The half-life for avatrombopag, as previously
mentioned, is approximately 19 h, similar to the 21–32 h and 27 h re
ported for eltrombopag and lusutrombopag, respectively [26,28,90].
They all also have a similar excretion mechanism with 88%, 59%, and
83% of avatrombopag, eltrombopag, and lusutrombopag undergoing
fecal excretion, respectively [26,28,90]. Romiplostim has a half-life
ranging from 1 to 35 days (median: 3.5 days) and is mostly cleared
through TPO-Rs and reticuloendothelial clearance [21,91].
Avatrombopag has highly variable exposure under fasting conditions
6
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Table 2
Summary of select phase 1 studies of avatrombopag.
Study objectives

Study design

No. entered/
no.
completed
(M/F)

Age
Mean
(range)

Treatment
(avatrombopag dose/
route)

Main results/conclusions

To evaluate safety, tolerability, PK
profile, and PD
effects of single doses of
avatrombopag [85]

Double-blind, dose-rising study in
healthy male and female participants
conducted at a single study site

63/63
(40/23)

30.6y
(SD:
12.3)

1-, 3-, 10-, 20-, 50-,
75-, 100-mg oral
suspension

To evaluate the safety, tolerability, and
PK/PD profiles of QD doses of
avatrombopag
administered for 14 consecutive days
[85]

Double-blind, placebo-controlled,
dose-rising study in healthy male and
female participants conducted at a
single study site

29/27
(21/8)

35.8y
(SD:
16.6)

3-, 10-, or 20-mg oral
suspension

To assess the routes and extent of
metabolism and excretion of
avatrombopag in healthy male
participants. To identify the metabolic
profile of avatrombopag in human
plasma, urine, and feces (Dova
Pharmaceuticals data on file)

Phase 1, open-label, single oral dose
study of
20 mg 14C-labeled avatrombopag to
evaluate the drug’s routes and extent
of metabolism and excretion

6/6
(6/0)

32y
(22–45)

20 mg 14Cavatrombopag
suspension

To compare single and multiple dose
PK/PD in healthy Japanese, Chinese,
and Caucasian participants (Dova
Pharmaceuticals data on file)

Randomized, double-blind, placebocontrolled, 3-way crossover study
(NCT01251731)

36/36
(26/10)

33y
(20–45)

single dose: 10-, 40-,
or 80-mg oral
multiple dose: 10-mg
oral

To determine the effects of concomitant
administration with fluconazole,
itraconazole, or rifampin on the PK/
PD of a single 20-mg dose of
avatrombopag in healthy participants
(Dova Pharmaceuticals data on file)

Single center, open-label, DDI study
in healthy participants
(NCT02809768)

48/42
(33/15)

33.6y
(19–51)

To evaluate the effects of concomitant
administration of avatrombopag and
verapamil or CsA on single dose PK/
PD of avatrombopag (Dova
Pharmaceuticals data on file)

Single-center, open-label, singlesequence study, with 4 treatment
periods to evaluate oral doses of
avatrombopag administered alone, in
combination with verapamil, and in
combination with CsA

36/22
(20/16)

40y
(18–55)

avatrombopag: 1 ×
20-mg oral
fluconazole:
2 × 200-mg oral
itraconazole:
2 × 100-mg oral
rifampin: 2 × 300-mg
oral
avatrombopag:
1 × 20-mg oral
verapamil: 240-mg
oral
CsA: 400-mg oral

Avatrombopag concentrations were
measurable in all subjects by
approximately 0.5 to 1 h, and a time
lag for drug absorption was evident for
all dose groups. Maximum
avatrombopag concentrations were
achieved by 4 to 6.5 h and increased
linearly with increasing dose up to 75
mg. The half-life of avatrombopag was
independent of dose and was
approximately 18–24 h. Increases in
platelet counts appeared to be dose and
concentration dependent. The
variability in platelet response was low
Avatrombopag Cmax and AUC
increased proportionally with respect
to dose following single and repeat
administration. The half-life of
avatrombopag was independent of
dose and was approximately 18–21 h.
The accumulation of avatrombopag
following repeat doses can be predicted
from the single-dose data. Increasing
drug concentrations and exposure
result in linear increases in platelet
counts over baseline within the 3- to
20-mg dose range tested
Following 20-mg dose of [14C]
avatrombopag, mean ETRs indicate
that 1/3 of the radioactivity is in
erythrocytes and 2/3 of the
radioactivity is in the plasma, and
mean EPPC indicate concentration in
erythrocytes is 50% of that in plasma.
Approximately 88% of the radioactive
dose was excreted in feces, and
approximately 6% excreted in urine.
No measurable radioactivity was
transferred to the components of
expired air
The single-dose PK was generally
similar between race groups and doseproportional in the Chinese and
Caucasian participants but less than
dose-proportional in the Japanese
participants. The multiple dose PK was
generally similar between the Japanese
and Caucasian participants; however,
mean exposure for the Chinese
participants was lower than for the
Caucasian participants. Variability in
plasma exposure parameters was high
across the groups but was reduced with
multiple dosing. The variability in PD
response was high across the groups
Coadministration
with fluconazole resulted in a
moderate DDI. Coadministration with
itraconazole resulted in a mild DDI.
Coadministration with rifampin
resulted in a mild-moderate DDI
Strong P-glycoprotein inhibitors such
as verapamil and CsA have relatively
small effects on systemic
avatrombopag exposure. In particular,
CsA had no clinically important effect
when administered in combination
with avatrombopag
(continued on next page)
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Table 2 (continued )
Study objectives

Study design

No. entered/
no.
completed
(M/F)

Age
Mean
(range)

Treatment
(avatrombopag dose/
route)

Main results/conclusions

To determine the effects of a single dose
of 100 mg avatrombopag on QTc and
evaluate the relationship between the
plasma avatrombopag concentrations
and corresponding QTc intervals
(Dova Pharmaceuticals data on file)

Single-center, double-blind,
randomized, single dose, 3-treatment
crossover study

47/45
(15/32)

33.6y
(22–48)

avatrombopag: 100mg oral
moxifloxacin HCl:
400-mg oral

Avatrombopag did not have an effect
on cardiac repolarization

AUC, area under the curve; Cmax, maximum concentration; CsA, cyclosporine; DDI, drug–drug interaction; EPPC, erythrocyte/plasma partition coefficient; ETR,
erythrocyte transfer ratio; PD, pharmacodynamic; PK, pharmacokinetic; QD, once a day; QTc, QT intervals corrected for heart rate; SD, standard deviation.
Fig. 4. Metabolism of avatrombopag.
CYP, cytochrome P450; Fa, fraction of administered
dose that is absorbed.
a
Avatrombopag glucuronide accounted for approxi
mately 8.5% in rat.
b
Dova Pharmaceuticals data on file.
c
Dova Pharmaceuticals data on file.

363.4 × 109/L), and 50.4% (95% CI: 235.9 × 109/L to 354.9 × 109/L) at
30-, 50-, and 75-mg/day, respectively, with 7- or 10-day repeated dosing
[92]. Similar data for romiplostim phase 1 trials are reported separately
for Japanese and non-Japanese participants. In Japanese participants,
maximum platelet counts increased dose-dependently with maximum
(mean [SD]) platelet counts of 260.8 × 109/L (55.0), 402.0 × 109/L
(116.2), and 465.5 × 109/L (94.7) with a single subcutaneous admin
istration of 0.3, 1, and 2 μg/kg, respectively, which corresponded with a
respective maximum (mean [SD]) fold change over baseline of 1.14
(0.09), 1.74 (0.40), and 2.01 (0.43) [93]. In healthy non-Japanese
participants, the respective mean ratios of peak over baseline platelet
count were 1.34, 1.86, and 2.48 after subcutaneous administration [94].
The intravenous administration group in that study included a
maximum dose of 10 μg/kg (maximum dose for subcutaneous admin
istration was 2 μg/kg); at 10 μg/kg, the mean maximum platelet count
was 1380 × 109/L.
The time to maximum platelet count after treatment in healthy in
dividuals is reported as 8–11 days for avatrombopag (20-, 40-, or 60-mg
single dose; fed or fasted; Japanese or Caucasian), 16 days for eltrom
bopag (75 mg/day for 10 days), and 12–14 days (0.3-, 1.0-, or 2.0-μg/kg
single subcutaneous dose; Japanese and non-Japanese) for romiplostim
[92,93,95]. In thrombocytopenic patients with CLD, the median time to
reach maximum platelet count with lusutrombopag treatment was 12
days (range: 5–35 days; 3 mg/day for 7 days) [29].
A comparison of mean maximal change from baseline platelet counts
from phase 1 trials of avatrombopag, eltrombopag, and romiplostim in

but increased absorption and decreased variability when coadministered with food (Dova Pharmaceuticals data on file and pre
scribing information [26]). The PK of lusutrombopag is not affected by
co-administration with a high-fat meal [29]. This is in contrast to
eltrombopag, which must be taken without a meal or with a low-calcium
meal (≤50 mg) because the drug chelates polyvalent cations; if a patient
consumes calcium-rich foods, mineral supplements, or antacids with
polyvalent cations (eg, iron or calcium), eltrombopag must be taken
either 2 h before or 4 h after consumption [28]. Such restrictions may
affect treatment adherence in patients who are being treated with
eltrombopag. Apart from eltrombopag, none of the oral TPO-RAs are
reported to chelate iron.
Regarding potency, studies of avatrombopag in healthy individuals
showed increased platelet count with a single dose ≥10 mg and signif
icant platelet count increases with 10 and 20 mg/day repeated dosing;
counts increased with dose [85]. Single dose PK/PD analysis showed a
linear relationship between Cmax and Cpmax. Of note, the PK analysis was
performed over 14 days, and the multiple-dose study reported that the
prespecified maximum platelet level (≥500 × 109/L) was reached in
individuals in the 20-mg/day dose group after 10–11 days of dosing, so
participants were not enrolled in the originally planned higher dose
groups. The mean maximal change from baseline in platelet count was
227 × 109/L at the 10-mg dose (day 14) and 372 × 109/L at the 20-mg
dose (days 10 or 11) (Dova Pharmaceuticals data on file). The phase 1
study of eltrombopag reported increased platelet counts of 24.1% (95%
CI: 257.6 × 109/L to 319.6 × 109/L), 42.9% (95% CI: 254.3 × 109/L to
8
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Fig. 5. Mean maximal change from baseline platelet counts in phase 1 studies.
(A) Mean maximal change from baseline platelet count in phase 1 studies in healthy participants with a single dose of romiplostim (subcutaneous) or avatrombopag
(oral); data were not available for eltrombopag. At the highest dose of romiplostim tested (10 μg/kg, intravenous), the maximum increase in platelet count from
baseline occurred on day 15 and was 1380 × 109 platelets/L (not shown). (B) Mean maximal change from baseline platelet count in phase 1 studies in healthy
participants with multiple (daily) dosing for eltrombopag (day 10) and avatrombopag (day 10–14); data were not available for romiplostim.
Figure was created using data reported in Kuter et al. (2018), Jenkins et al. (2007), and Wang et al. (2004) [85,92,94].

healthy participants is shown in Fig. 5. After a single dose, maximal
change from baseline platelet count is highest for romiplostim versus
avatrombopag; single-dose data is not available for eltrombopag
(Fig. 5a). After 10–14 days of daily dosing, avatrombopag 20 mg
resulted in a higher mean maximal change from baseline platelet count

versus eltrombopag (data for multiple dosing of romiplostim in healthy
individuals are not available; Fig. 5b). A case report presented the
relative potency of each of these TPO-RAs in a single patient with ITP,
which showed agreement in regard to ranking with the data shown in
Fig. 5 [96].
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A phase 1 clinical study found that eltrombopag treatment did not
affect platelet aggregation or activation in healthy individuals; this was
confirmed for patients with ITP [92,97]. Avatrombopag treatment did
not increase in vivo platelet activation or in vitro reactivity in patients
with CLD [98]. Although it was previously reported that romiplostim
reduced the threshold of platelet activation via weak agonists by 50%,
this was not thought to be clinically relevant [2]. Recent studies with
romiplostim found no evidence for spontaneous platelet aggregation or
platelet hyperactivity with treatment in patients with ITP [78].
In the single-dose phase 1 study of avatrombopag in healthy volun
teers, there was no difference in the frequency of treatment-related
treatment-emergent adverse events (TEAEs) between the treatment
(11/42, 26.2%) and placebo (7/21, 33.3%) groups [85]. For the phase 1
multi-dose study, 42.1% (8/19) of participants in the avatrombopag
group experienced treatment-related TEAEs vs no participants in the
placebo group. Constipation was most common (15.8%) followed by
photophobia, diarrhea, flatulence, or fatigue, which each occurred in
10.5% of participants. All TEAEs were either mild or moderate for both
studies. Phase 1 data of eltrombopag (multiple doses) in healthy vol
unteers showed no differences in adverse events (AEs) between the
treatment and placebo groups [92]. A phase 1 trial of romiplostim
(single dose) in healthy Japanese volunteers reported no clinically sig
nificant, severe, or serious AEs with treatment; five of the 24 treated
patients developed treatment-related AEs of headache, migraine
without aura, “feeling hot,” and/or malaise [93]. Similar results were
obtained in non-Japanese patients [94]. Phase 1 safety data for lusu
trombopag in healthy participants are not available for comparison, but
later phase trials have reported a favorable safety profile for the drug
[60].

percentage of responders (80%) and the largest platelet count increase
vs placebo. Of the 53 patients (responders, n = 25; non-responders, n =
28) who were enrolled in the 24-week extension study, 53% achieved a
durable response (response at 75% of assessments in the last 3 weeks of
the study), and 76% achieved an overall response (durable response or
response at two consecutive study visits). Of the 25 responders and 28
non-responders in the randomized study, 72% and 36% achieved a du
rable response in the extension study.
Subsequently, a phase 3 study in patients with chronic ITP, which
included an open-label extension phase, confirmed an early onset of
effect; significantly more avatrombopag-treated patients (20 mg/day) vs
placebo had a platelet response at day 8 (65.5% vs 0%; P < .0001) [102].
Of note, the platelet count for the treated group was highest at day 14,
which was likely due to a “first dose effect” of avatrombopag exerting
anti-apoptotic effects on apoptotic megakaryocytes, thus facilitating
their survival and ability to generate platelets (Fig. 6). Durability of
response was confirmed, with a durable platelet response rate (platelet
response for ≥6 of the last 8 weeks of treatment) of 34.4% in
avatrombopag-treated patients vs 0% for placebo (P = .009) and a
median of 12.4 cumulative weeks of platelet response during the core
(24-week) study vs 0 weeks for placebo. The overall platelet response
rate reported for the study was maintained, in general, until around
week 36 of the extension phase. A post hoc analysis of data from this
study reported that, among patients who had a durable response in the
core study, response and complete response (platelet count ≥100 × 109/
L) were achieved at 96.1% and 60.1% of extension phase visits [103]. A
durable clinically relevant response (platelet count ≥30 × 109/L for 6 of
the final 8 weeks of the core study) was reported for 64.0% of
avatrombopag-treated patients vs 0% in the placebo group. More than
half (57.1%) of patients who had been on chronic corticosteroids
experienced a dose reduction or discontinuation after initiating ava
trombopag treatment.
Overall, avatrombopag is safe and well tolerated in patients with
chronic ITP. Combined clinical trial data report that nine of 128 patients
(7%) who received avatrombopag experienced a total of 11 thrombo
embolic events (arterial or venous); one patient experienced three
events [104]. Eight of the nine patients had other risk factors for
thrombosis. This rate is similar to what has been reported in long-term
studies of romiplostim and eltrombopag [72]. However, given the
small number of total patients evaluated, additional studies are needed
to fully understand whether avatrombopag poses an increased risk of
thrombosis in this patient population. A phase 2 study reported that
adverse events of bleeding were relatively common (67%, n = 43/64);
however, most (90%) were mild or moderate [72]. The phase 3 ran
domized 24-week study reported a low incidence (3.1%, n = 1/32) of
WHO grade 3 or higher bleeding events [102]. Pooled data from an
integrated analysis of safety data from four ITP studies, which included
128 patients from two phase 3 and two phase 2 studies who were treated
with avatrombopag, found that seven patients (5.5%) experienced a
shift in any liver function test from baseline to grade 2 or higher [105].
Six of those patients remained on avatrombopag, and liver function test
levels returned to baseline for five of the six; one patient discontinued
treatment. No clinically significant signals of avatrombopag-induced
hepatotoxicity were observed in these patients. These data demon
strate a differentiation from eltrombopag, which requires routine
monitoring of liver function and dose adjustments for certain pop
ulations (Asian patients and patients with liver impairment) [28,102].
It is worth mentioning that rat studies showed placental transfer and
the presence of avatrombopag in maternal milk [106]. Pup mortality
was observed in animal reproduction studies when pregnant rats were
administered avatrombopag, although the maternal exposures were 43
times higher and the pup exposures were ~ 3 times higher than the area
under the curve reported in patients treated with 60 mg/day [106].
Nevertheless, these studies indicate that avatrombopag may cause fetal
harm if administered to pregnant women [26].
In clinical practice, patients with chronic ITP are treated with the

4.3. Areas of clinical utility
Avatrombopag was developed with the intention of providing an
alternative to standard of care for thrombocytopenic disorders. It is
currently approved for treatment of thrombocytopenia in patients with
chronic ITP who have not sufficiently responded to previous treatment
and patients with CLD who are scheduled to undergo a procedure [26].
Avatrombopag has received Orphan Drug Designation by the FDA for
CIT and has been explored for this indication (discussed later in this
review); avatrombopag is also being explored for aplastic anemia
[99–101].
4.3.1. ITP
Sequential phase 2 safety and efficacy studies were conducted in
patients with chronic ITP [72]. In the 28-day randomized study, platelet
counts were increased by day 7 for most patients in the 5-, 10-, and 20mg/day groups; ≥50% of patients were responders (platelet count ≥50
× 109/L and minimum platelet count increase of 20 × 109/L above
baseline) on all days tested (day 7, 14, 21, and 28; Table 3). At the
maximal dose of 20 mg/day, 93% of patients responded by day 7.
Compared with the other dose groups, the 20 mg group had the highest
Table 3
Response rate for avatrombopag and placebo cohorts.
Avatrombopag
Placebo

2.5 mg

5 mg

10 mg

20 mg

67
60
60
53

64
79
50
50

93
93
87
80

a

Day
Day
Day
Day

7
14
21
28

Response rate (%)
0
7
0
20
0
13
0
13

Table adapted from Bussel et al. (2014) [72].
a
Response rate: proportion of subjects who achieved platelet count ≥50 ×
109/L and minimum platelet count increase of 20 × 109/L above baseline at the
timepoint indicated.
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Fig. 6. Median (Q1, Q3) platelet count over time [102].
(A) Core study (FAS). (B) Extension phase (modified FAS).
FAS, full analysis set; ITP, immune thrombocytopenia; Med, medication; n, number of patients; Q1/3, quartile 1/3.
From Jurczak et al. Phase 3 randomised study of avatrombopag, a novel thrombopoietin receptor agonist for the treatment of chronic immune thrombocytopenia.
British Journal of Haematology 2018;183:479–90. Republished with permission.

lowest dose of avatrombopag needed to achieve a platelet count of ≥50
× 109/L [26]. The recommended initial dose is 20 mg/day with food.
Platelet levels should be monitored weekly until a stable platelet count
of ≥50 × 109/L is achieved, after which monitoring can be decreased to
monthly. Dose adjustments may be necessary to achieve a stable platelet
count; there are six recommended dose levels based on platelet count
(range: 40 mg/day to 20 mg/week). Treatment should be discontinued if
a platelet count of ≥50 × 109/L is not achieved after 4 weeks of
maximum dosing (40 mg/day) or if the platelet count is >400 × 109/L
after 2 weeks of minimal dosing (20 mg/week); platelet counts should be
monitored weekly for 4 weeks after treatment discontinuation.
Current ITP guidelines support the use of TPO-RAs as second line
treatment [43,107]. The American Society of Hematology guidelines
[107] did not include avatrombopag in their suggested TPO-RAs
because it had not yet received regulatory approval, but the Interna
tional Consensus report [43] included avatrombopag along with romi
plostim and eltrombopag as recommended TPO-RAs. Although the
choice of which TPO-RA to use is often dictated by pharmacy reim
bursement practices, emerging real-world data will hopefully guide se
lection based on the different unique attributes of the three currently
approved TPO-RAs.

and ADAPT-2, were conducted in patients with CLD and thrombocyto
penia who were undergoing scheduled procedures [61]. Patients with a
mean baseline platelet count of <50 × 109/L were included; patients
were divided into a low baseline platelet cohort (<40 × 109/L) and a
high baseline platelet cohort (40 to <50 × 109/L) and were treated with
60 mg/day or 40 mg/day avatrombopag, respectively, or placebo on
days 1–5 of the study. Procedures were scheduled 5–8 days after the last
dose of study drug. Significantly fewer patients in the low baseline
platelet cohorts vs placebo did not require a platelet transfusion or
Table 4
ADAPT-1 and ADAPT-2 efficacy endpoints.
ADAPT-1
Low baseline
platelet count
cohort (<40 £
109/L)
No platelet
transfusion/ no
rescue procedure
for bleeding (%)
Achieved platelet
counts ≥50 ×
109/L on
procedure day
(%)
Mean change in
platelet count (×
10 9/L)
High baseline
platelet count
cohort (40 to <
50 £ 109/L)
No platelet
transfusion/no
rescue procedure
for bleeding (%)
Achieved platelet
counts ≥50 ×
109/L on
procedure day
(%)
Mean change in
platelet count (×
10 9/L)

4.3.2. Thrombocytopenia in patients with CLD
Thrombocytopenia occurs for many reasons in patients with CLD,
particularly among those with cirrhosis (incidence: 90% vs 6% in CLD
patients without cirrhosis) [53,108]. A common feature of all is a
reduced TPO level since TPO is produced in the liver. CLD patients with
thrombocytopenia have an increased risk of bleeding when undergoing
surgical procedures; given that cirrhosis patients often need to undergo
surgery, treatment of thrombocytopenia prior to surgery is relevant for
this patient population [108].
The initial phase 2 trial of avatrombopag in CLD tested two formu
lations of avatrombopag based on exposure as determined in previously
conducted PK/PD studies: Cohort A [1G], 100-mg loading dose on day 1
followed by 20, 40, or 80 mg/day on days 2–7; Cohort B [2G], 80-mg
loading dose on day 1 followed by 10 mg/day on days 2–7 or 20 mg/
day on days 2–4 [109]. Patients had cirrhosis and baseline platelet
counts of ≥10 to ≤58 × 109/L. Avatrombopag treatment demonstrated
that 49.0% and 47.6% of patients in the 2 cohorts achieved the primary
endpoint (platelet increase of ≥20 × 109/L from baseline and > 50 ×
109/L at least once during the study) vs 6.3% and 9.5% of controls,
respectively. There was a dose-dependent increase in platelet counts.
To confirm and expand these findings, two phase 3 studies, ADAPT-1

ADAPT-2

Placebo

Ava

P value

Placebo

Ava

P value

23

66

<0.0001

35

69

0.0006

4

69

<0.0001

7

67

<0.0001

1

32

<0.0001

3

31

<0.0001

38

88

<0.0001

33

88

<0.0001

21

88

<0.0001

39

93

<0.0001

1

37

<0.0001

6

45

<0.0001

Table adapted from Terrault et al. (2018) [61].
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rescue procedure for bleeding in both the ADAPT-1 and ADAPT-2
studies (65.6% vs 22.9%; P < .0001 and 68.6% vs 34.9%; P = .0006,
respectively; Table 4). The same was true for the patients in the high
baseline platelet cohorts (ADAPT-1: 88.1% vs 38.2%; P < .0001;
ADAPT-2: 87.9% vs 33.3%; P < .0001).
The incidence of AEs, TEAEs, and AEs of special interest were similar
between the treatment and placebo groups in both studies [61]. All
patients were screened for portal vein thrombosis during the study; one
patient in the avatrombopag group of ADAPT-2 experienced partial
portal vein thrombosis that was assessed as nonserious and possibly
related to the study drug. Importantly, there was neither an increased
risk of portal vein thrombosis nor a worsening of liver function tests
associated with avatrombopag treatment.
In clinical practice, the dosing of avatrombopag for these patients is
dependent upon the patient’s platelet count prior to the procedure [26].
Dosing is 60 mg/day in patients with platelet counts <40 × 109/L and
40 mg/day for those with counts of 40 to <50 × 109/L. Patients are
treated orally for 5 days with dosing initiated 10–13 days before the
scheduled procedure. A recent phase 4 real-world study reported that
70% of patients with CLD who were treated with avatrombopag prior to
undergoing a procedure were treated according to the prescribing in
formation and that all patients had 5 days of treatment [110]. Ava
trombopag was effective, with a mean change from baseline in platelet
count of 41.1 × 109/L on the day of the procedure (8–15 days after the
first avatrombopag dose); 49 of the 50 patients (98%) did not require a
platelet transfusion. No TEAEs of special interest (thromboembolic
events or clinically significant bleeding) or that lead to avatrombopag
discontinuation or that were considered related to avatrombopag
treatment were reported. Safety and effectiveness outcomes in this realworld study were consistent with outcomes reported in pivotal phase 3
studies.

anemia in Japan [65], eltrombopag is widely approved for SAA patients
who have insufficiently responded to immunosuppressive therapy or in
combination with standard immunosuppressive therapy as first-line
treatment in pediatric patients (≥2 years old) with SAA [28]. Howev
er, considering that both eltrombopag and avatrombopag activate the
TPO-R at the same transmembrane domain, it is expected that ava
trombopag would also be efficacious in patients with SAA [30].
The efficacy and safety of avatrombopag for the treatment of
relapsed or refractory SAA are being evaluated in a phase 2 study in
Australia [101]. Patients will be treated with avatrombopag 60 mg daily
for up to 180 days with dose adjustments every 2 weeks based on
reticulocyte count, platelet count/platelet transfusion, and neutrophil
count. The primary efficacy endpoint is overall response rate (including
partial response and complete response); the primary safety endpoint is
“acquired clonal evolution” assessed from bone marrow biopsy reports.
Additionally, a phase 2/3 trial to evaluate the safety and efficacy of
avatrombopag in patients with non-SAA is planned in China
(NCT04728789; not yet recruiting at the time of this writing) [100].
5. Avatrombopag—data from case studies
Several case studies have demonstrated potential uses for ava
trombopag beyond those reported in clinical trials. Lim et al. reported
that avatrombopag was successfully used in a 63-year-old male who was
diagnosed with thrombocytopenia secondary to CLD prior to undergoing
a neurosurgical procedure [114]. This patient had a platelet count of 63
× 109/L, and the surgical procedure was felt to require a platelet count
of >100 × 109/L (at the time of surgery and for 2 weeks post
operatively). Clinical trials of avatrombopag in CLD did not include
patients undergoing neurosurgical procedures and targeted a platelet
count of ≥50 × 109/L rather than 100 × 109/L [61,114]. For this reason,
avatrombopag dosing was started 28 days prior to the surgery, giving
time for dose adjustments based on response [114]. The patient was
treated with avatrombopag both perioperatively and postoperatively to
meet the surgeon’s platelet level requirement; the patient achieved the
target platelet count at the time of surgery and for the majority of days
during the 2-week postoperative period.
Additionally, a case series reported favorable outcomes with ava
trombopag treatment to mitigate thrombocytopenia in six patients with
either breast cancer (n = 2) or ovarian cancer (n = 4) who were receiving
treatment with niraparib, a PARP inhibitor for which thrombocytopenia
is a potentially treatment-limiting adverse event [115]. Coadministra
tion of avatrombopag allowed for niraparib reescalation, dose optimi
zation, and, in many cases, maximal dosing, and resulted in improved
clinical response in these patients.

4.3.3. Chemotherapy-induced thrombocytopenia
Cancer patients who receive myelosuppressive chemotherapy
commonly experience CIT [111,112]. This condition can impact
necessary surgical procedures and lead to chemotherapy and radiation
therapy delays, chemotherapy dose reductions, or chemotherapy
discontinuation. Platelet transfusions are currently the only treatment
option for patients with severe thrombocytopenia and risk for bleeding
[111]. TPO-RAs have been considered as a potential therapeutic option
in this patient population. In late 2019 the US Food and Drug Admin
istration granted avatrombopag Orphan Drug Designation for the
treatment of CIT [99].
A phase 3 clinical trial to evaluate the efficacy and safety of ava
trombopag for treatment of CIT in patients with solid tumors (non–small
cell lung cancer, small cell lung cancer, bladder cancer, or ovarian
cancer) who had experienced severe thrombocytopenia (platelet count
<50 × 109/L) during a prior chemotherapy cycle was conducted [111].
Patients were treated with 60 mg/day avatrombopag or placebo for the
5 days preceding and the 5 days immediately following the subsequent
chemotherapy dose. The primary endpoint was proportion of patients
who did not require a platelet transfusion, chemotherapy dose reduction
(≥15%), or delay of ≥4 days due to thrombocytopenia. Preliminary
results have been reported [113] showing that avatrombopag treatment
increased platelet counts relative to controls. However, 69.5% and
72.5% of patients in the treatment and placebo groups, respectively,
achieved the primary endpoint, resulting in similar efficacy (P = .72).
This outcome likely was due to a lower than anticipated incidence of
dose delays and reductions for patients in the placebo group, which
resulted in the study being underpowered. Safety data were similar for
the 2 groups and confirmed the safety profile of avatrombopag reported
in other patient populations. Additional results from this study are ex
pected to be reported in the near future.

6. Future considerations
There are several trials in progress or planned for avatrombopag. In
ITP there are two trials currently recruiting patients. One is a phase 4
open-label trial to measure safety and treatment satisfaction in patients
with chronic ITP who have switched from eltrombopag or romiplostim
to avatrombopag (NCT04638829), and the other is a phase 3b trial to
evaluate the safety and efficacy of avatrombopag for the treatment of
pediatric patients with ITP for ≥6 months (NCT04516967), which rep
resents a potential expanded use of avatrombopag.
There are two trials planned in China for CIT. A single-arm multi
center trial to evaluate the efficacy of avatrombopag for the treatment of
chemotherapy-induced thrombocytopenia in patients with malignant
tumors is recruiting (NCT04609891), and a new open-label, singlecenter phase 2 trial (not yet recruiting at the time of writing) is planned
that will evaluate avatrombopag for the primary prevention of
cytarabine-based CIT in patients with lymphoma (NCT04797182).
Avatrombopag is also being evaluated in China for another new
potential indication of thrombocytopenia after allogeneic stem cell
transplant in a small phase 2 trial that is currently recruiting

4.3.4. Aplastic anemia
Although romiplostim is approved for the treatment of aplastic
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(NCT04312789).
As these trials progress, it is anticipated that the indications for
avatrombopag will expand. In addition to evaluating avatrombopag for
new indications, there is a need to expand our understanding of ava
trombopag in the real-world setting. This was highlighted in a recent
review of clinical data from 18 retrospective studies of patients with ITP
who switched TPO-RA therapy (only romiplostim and eltrombopag
treatment were included) [77]. The authors reported that, regardless of
the reason for switching, 77.5% of patients achieved or maintained a
response after the switch. They also identified lack of efficacy as the
primary reason for switching (58%) and that most patients who
switched for this reason responded to the alternative TPO-RA (65%).
Further, a multicenter retrospective study of avatrombopag switch
therapy following prior treatment with romiplostim or eltrombopag in
patients with ITP reported that, in the absence of rescue therapy, 93% of
patients had a platelet response after switching, including 85% of those
who switched due to ineffectiveness of prior romiplostim or eltrombo
pag treatment [116]. Together these studies highlight that mechanistic
differences among TPO-RA therapies may have real-world effects on the
efficacy of agents in a single patient.
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7. Conclusions
Avatrombopag has demonstrated a favorable safety profile and
clinical efficacy for the treatment of thrombocytopenia in clinical trials
of patients with chronic ITP and those with CLD who are scheduled to
undergo procedures. Pharmacological and safety data indicate that
avatrombopag may have some advantages over other approved TPORAs, including a lack of food or medication restrictions around admin
istration, no need for dose adjustment in East Asian or liver failure pa
tients, no need for liver function test monitoring, no risk of increased
incidence of cataracts (this is reported for eltrombopag), and that it does
not compete with endogenous TPO for TPO-R binding. Real-world
studies are needed to further elucidate potential clinical differences
between TPO-RAs as a result of mechanistic differences. Additionally,
avatrombopag is being explored for use in new clinical indications,
including SAA, pediatric ITP, CIT, and thrombocytopenia after alloge
neic stem cell transplant.
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