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Abstract: Avatrombopag is an orally-administered small molecule thrombopoietin receptor

agonist. It was the third thrombopoietin receptor agonist approved for the treatment of immune

thrombocytopenia and the first approved to treat periprocedural thrombocytopenia in patients with

chronic liver disease (thereby providing an alternative to blood transfusions for these patients).

Unlike eltrombopag, avatrombopag does not require a 4 hr food-restricted window around its use

and it has not been associated with hepatotoxicity in ITP patients or portal vein thrombosis in

patients with chronic liver disease. In ITP patients it can often be dosed less frequently than once

daily. It is overall well-tolerated with a side-effect profile similar to placebo in randomized clinical

trials. This article will review the clinical development, efficacy, safety, and pharmacology of

avatrombopag for use in patients with ITP and thrombocytopenia of chronic liver disease.
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Introduction
Thrombopoietin (TPO) is a glycoprotein hormone synthesized and secreted by the

liver and acts as one of the main regulators of platelet production1 and activation.2,3

First the recombinant thrombopoietins and now the thrombopoietin receptor ago-

nists (TPO-RAs) have been developed for clinical use to mimic endogenous TPO

function and increase the platelet count in patients with thrombocytopenia.1

TPO-RAs have been shown to be effective in the treatment of several conditions

including immune thrombocytopenia (ITP),4,5 aplastic anemia,6,7 thrombocytopenia

associatedwith chronic hepatitis C infection,8 and as a preprocedural measure for patients

with thrombocytopenia requiring surgery.9–12 Studies also suggest these drugs are effec-

tive in the treatment of chemotherapy-induced thrombocytopenia13,14 and thrombocyto-

penia associatedwithmyelodysplastic syndrome.15–17 There are currently four TPO-RAs

on the market: romiplostim, eltrombopag, avatrombopag, and lusutrombopag (Table 1).

Most patients with mild to moderate thrombocytopenia do not require treatment,

and most patients with chronic liver disease (CLD) fall into this category. For these

patients, treatment is generally only necessary in the case of active bleeding, pro-

foundly low platelet counts, impending myelosuppression, and in the perioperative

setting. Data demonstrates that patients with thrombocytopenia have an increased risk

of various operative complications, including bleeding, sepsis, adverse pulmonary
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outcomes, renal complications, blood transfusion require-

ments, and 30-day mortality.18 Platelet transfusion remains

the mainstay of treatment for perioperative thrombocytope-

nia, but may be ineffective in certain populations, carry all of

the risks of blood product transfusion, and are a scarce

resource.19 With effective TPO-RA treatment, patients with

known thrombocytopenia undergoing elective procedures

could undergo pharmacologic platelet count optimization

prior to surgery, which would preserve platelet transfusion

for acute surgical indications. TPO-RA treatment would also

offer an option for patients who refuse platelet transfusion

and those with immune barriers to response (such as immune

thrombocytopenia or alloimmunization).

Avatrombopag (Doptelet) (Figure 1) is a TPO-RA that

obtained its first approval in May 2018 for the treatment of

periprocedural thrombocytopenia in patients with CLD

based on the results of two large phase III clinical trials.20

Phase II and phase III trials demonstrating efficacy in

patients with ITP have also been published.21

Avatrombopag was recently approved by the US FDA

under a supplemental new drug application for treatment

of chronic ITP. Here we will review the development,

clinical trials, pharmacology, and safety of avatrombopag

in patients with ITP and thrombocytopenia of CLD.

Drug development and mechanism
of action
Initial strategies to discover small molecule thrombopoietin

receptor agonists involved high-throughput screening for

molecules capable of stimulating reporter genes (eg,

STAT) in TPO-dependent cell lines, leading to the discov-

ery of both eltrombopag and avatrombopag. In vitro experi-

ments on human CB CD34+ cells found that Avatrombopag

led to the maturation of megakaryocytes with similar mor-

phological features to those stimulated by recombinant

human TPO (rhTPO), suggesting a similar effect to TPO

in vitro. STAT5 activity assays with platelets from twelve

species, including humans, showed that avatrombopag led

to phosphorylation of STAT5 in human and chimpanzee

platelets, without binding to other homologs.22 By contrast,

rhTPO is able to activate human and chimpanzee platelets, as

well as those from several other primates and mammals.23

Table 1 Comparison of the commercially-available thrombopoietin receptor agonists.20,42,43

Romiplostim Eltrombopag Avatrombopag Lusutrombopag

Molecular

structure

Peptide Small molecule Small molecule Small molecule

TPO receptor site

of action

Extracellular domain Transmembrane domain Transmembrane domain Transmembrane domain

Route of

administration

Subcutaneous Oral Oral Oral

Dosing frequencya Weekly Daily Daily Daily

Relevant food

interactions

N/A Yes No No

Current

indications

Immune thrombocytopenia

(adults and children)

Immune thrombocytopenia

(adults and children)

Hepatitis C-associated

thrombocytopenia

Severe aplastic anemia

Periprocedural

thrombocytopenia in CLD

patients

Immune thrombocytopenia

(adults)

Periprocedural

thrombocytopenia in CLD

patients

Note: aPer drug label. Modified with permission from Al-Samkari, H. Avatrombopag maleate for the treatment of periprocedural thrombocytopenia in patients with chronic

liver disease. Drugs Today (Barc) 2018, 54(11): 647-655. © 2018 Clarivate Analytics.44

Abbreviations: TPO, thrombopoietin; CLD, chronic liver disease; N/A, not applicable.

Figure 1 Molecular structure of avatrombopag.
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Further experiments in NOD/SCID mice looked to eval-

uate the action of avatrombopag in vivo. Human fetal liver

CD34+ cells were transplanted into NOD/SCID mice, with

human platelets appearing four weeks after transplant.

Administration of avatrombopag led to an increase in the

production of human platelets without having an effect on

murine counts.23 These results have been validated in

humans with CLD associated thrombocytopenia, with ava-

trombopag administration leading to increased platelet

counts as compared to placebo. However, patients on ava-

trombopag were not found to have increased levels of acti-

vated circulating platelets, as measured with flow cytometry.

Furthermore, platelets extracted from patients on avatrombo-

pag did not respond with an increased sensitivity to platelet

activators in vitro. Avatrombopag does not therefore, fully

mimic the effects of endogenous TPO, as its action is on

platelet count and not reactivity.24

However, while not mimicking endogenous TPO, ava-

trombopag does work synergistically with TPO, as

opposed to other agonists, such as romiplostim, which

may block TPO binding.25 Avatrombopag in combination

with rhTPO elevated platelet counts up to 200% more than

TPO alone, as well as increasing the size of the hemato-

poietic progenitor and megakaryocytic progenitor pool to a

greater degree than TPO alone.25

Clinical trials
Treatment of periprocedural

thrombocytopenia in CLD patients
In a Phase II multicenter, randomized, placebo-controlled,

double-blind study, 130 adults with cirrhosis and platelet

counts in the range of 10–58×109/L were randomized to

receive either avatrombopag at a variety of doses or pla-

cebo for one week before surgery.26 The primary end point

of the study was an increase in platelet count ≥20×109/L

and at least one platelet count >50×109/L during days 4–8

of the eight-day protocol. Analysis found that among two

separate cohorts and five different dosing patterns, all but

one showed significantly more patients reaching the end-

point in the avatrombopag group as compared to placebo,

with 47.0% of patients reaching primary endpoint in

Cohort A, as compared to 6.3% in the placebo group,

and 47.6% of patients reaching primary endpoint in

Cohort B as compared to 9.5% in the placebo group. A

dose-response relationship was observed in both cohorts.

The drug was well tolerated by most patients, with the

overall incidence of adverse events similar between the

avatrombopag and placebo groups.

Two similarly-designed phase III randomized, double-

blind, placebo-controlled trials followed: ADAPT-1 took

place at 75 sites across 20 countries and ADAPT-2 took

place at 74 sites across 16 countries, which examined the

use of avatrombopag in adults with thrombocytopenia

(platelets ≤50×109/L) and CLD [MELD (Model for End-

Stage Liver Disease) ≤24]. All participants were scheduled
for a procedure with an associated risk of bleeding, with

the primary endpoint of the study being the proportion of

patients not requiring a rescue procedure or hemostatic

medication for bleeding or a platelet transfusion up to

7 days after the scheduled procedure. Patients were

excluded for a variety of conditions, including a history

of thrombosis, hematologic disorders, cardiovascular dis-

ease, the use of blood thinners, or prior avatrombopag

use.9

Patients enrolled in the study assigned to a low baseline

platelet count (<40×109/L) or high baseline platelet count

cohort (40 to <50 x 109/L), and then randomized 2:1 to

receive avatrombopag or placebo. Patients in the low base-

line platelet count cohort received 5 doses of 60 mg each,

while patients in the high baseline platelet count cohort

received 5 doses of 40 mg each. Data from both studies

concluded that patients on avatrombopag had a decreased

need for rescue procedures, such as platelet transfusion, as

compared to patients on placebo (Table 2). In ADAPT-1,

66% of patients in the low baseline platelet count group and

88% in the high baseline platelet count group achieved the

primary endpoint as opposed to 23% and 38% on placebo,

respectively. Similar results were seen in ADAPT-2, with

69% of patients in the low baseline platelet count group and

88% in the high baseline platelet count group achieved

primary endpoint as opposed to 35% and 33% on placebo,

respectively. This data was consistent regardless of age, sex,

race, region, MELD score, Child-Turcotte-Pugh class, or

disease etiology.9 Furthermore, the mean change in platelet

count from baseline, and the percentage of patients achiev-

ing a platelet count >50 x 109/L was significantly higher in

patients receiving avatrombopag in both studies.

Treatment of immune thrombocytopenia
Avatrombopag was recently FDA approved under a sup-

plemental new drug application for the treatment of

chronic ITP in adult patients who have failed other thera-

pies. The use of avatrombopag to treat ITP has been

examined in two major clinical trials. A Phase II trial
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randomized 64 subjects with ITP for at least 3 months to a

variety of doses of avatrombopag or placebo, and found

that avatrombopag led to increased platelet count with few

adverse effects.21 A Phase III multicenter, double-blind

trial followed, randomizing 49 patients with chronic ITP

and platelet counts <30 x 109/L to receive either 20 mg/

day of avatrombopag or placebo. Before randomization,

patients were stratified by splenectomy status, baseline

platelet count, and use of other ITP medications. The

study found superiority of the avatrombopag arm in the

number of cumulative weeks without rescue therapy (12.4

vs 0.0 weeks), and demonstrated an increased platelet

response rate (65.63% vs 0.0%) and decreased concomi-

tant ITP medication use.27

Dosing
Following the design of the ADAPT-1 and ADAPT-2

trials, avatrombopag dosing recommendations for peripro-

cedural management of thrombocytopenia in patients with

CLD are 60 mg per day for 5 days if the baseline platelet

count is <40×109/L or 40 mg per day for 5 days if the

count is 40–50×109/L for any procedure taking place 5–

8 days after the last dose.28 Of note, the FDA label does

not restrict use to the sort of minor procedures included in

the ADAPT-1 and ADAPT-2 trials. For ITP, the label

advises use of the lowest dose of avatrombopag needed

to achieve and maintain a platelet count ≥50×109/L, start-

ing with 20 mg daily with food. Platelet counts are to be

assessed weekly and dose titrated to maintain a platelet

count between 50–200×109/L. There are six dose levels,

from a maximum dose of 40 mg daily to a minimum dose

of 20 mg once weekly.28

Ongoing clinical trials
There is one Phase III trial of avatrombopag currently enrol-

ling patients, evaluating the efficacy and safety of avatrom-

bopag use in patient with chemotherapy-induced

thrombocytopenia who are receiving chemotherapy for the

treatment of ovarian, lung, or bladder cancer (ClinicalTrials.

gov Identifier NCT03471078). This trial is currently recruit-

ing participants and is estimated to be complete in November

2025.

Safety
So far, the general safety of avatrombopag has been tested

in healthy subjects,29 thrombocytopenic CLD patients,9

and patients with ITP.21,27 An overview of the findings

can be seen in (Table 3). Of note, the only population that

has received the medication for a more prolonged amount

of time (months to years) are patients with ITP.

Avatrombopag has been generally well tolerated across

trials, with few serious adverse effects, and no deaths

reported. It is of particular interest that thrombotic events

were reported in two studies. In ADAPT trials, there was

one portal vein thrombosis in a patient on avatrombopag

(who had a peak platelet count below 100×109/L); by

comparison, there was one patient on the placebo arm

who developed pulmonary embolism and another that

had an acute myocardial infarction.9 In one of the ITP

studies, patients on avatrombopag reported stroke, MI,

renal artery occlusion, deep vein thrombosis, and super-

ficial thrombophlebitis. Concerns for portal vein thrombo-

sis are of particular concern in the treatment of CLD

patients with TPO-RAs as a prior randomized, controlled

trial of eltrombopag for periprocedural thrombocytopenia

in these patients found an increased incidence of portal

Table 2 Primary and secondary efficacy endpoints in phase III trials of avatrombopag for the management of periprocedural

thrombocytopenia in CLD

Primary or Secondary Endpoint ADAPT-1 (Avatrombopag vs

Placebo)

ADAPT-2 (Avatrombopag vs

Placebo)

Low baseline

platelet count

High baseline

platelet count

Low baseline

platelet count

High baseline

platelet count

Percentage of patients not requiring transfusion or rescue

for bleeding (low baseline platelet count)

66% vs 23% 88% vs 38% 69% vs 35% 88% vs 33%

Percentage of patients achieving the target platelet count of

≥50×109/L on procedure day

69% vs 4.2% 88% vs 21% 67% vs 7% 93% vs 39%

Change in platelet count from baseline to procedure day 32.0×109/L vs

0.8×109/L

37.1×109/L vs

1.0×109/L

31.3×109/L vs

3.0×109/L

44.9×109/vs

5.9×109/L
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vein thrombosis in the eltrombopag arm, leading to the

trial being stopped prematurely.30 The ADAPT-1 and

ADAPT-2 studies did not find an increased risk of throm-

botic events in patients taking avatrombopag, but these

trials were not powered to assess thrombotic risk.9

Pharmacology
Avatrombopag has poor aqueous solubility, leading to

slow gut absorption and a peak plasma concentration

(Cmax) that is reached 5–9 hrs after administration.

However, the solubility of avatrombopag does not affect

its absorption in the tested range (20–60 mg), as Cmax and

AUC (area under the curve) both increase proportionally

with dose.29,31 The terminal half-life is approximately 16–

19 hrs.29,32 Volume of distribution does increase with body

weight (measured in the range of 39–175 kg); this change

was statistically significant but not clinically significant.31

The pharmacokinetics of avatrombopag are significantly

impacted varied by age, sex, hepatic disease, or renal

dysfunction.28 The pharmacologic properties of avatrom-

bopag are summarized in Table 4.

In stark contrast to eltrombopag, avatrombopag absorp-

tion is not reduced by dietary fat or divalent cations (such as

calcium).28,33,34 Taking avatrombopag in the fed state actu-

ally reduces inter-subject variability in pharmacokinetic

parameters, though it does not affect the rate or extent of

absorption within a subject. In phase III trials, avatrombopag

was given under fed conditions. The dietary restrictions

required in patients taking eltrombopag (a four-hour

restricted window around the dose) can affect compliance

or quality of life, and indeed dosing regimens involving

administration less frequently than once daily have been

developed to address this.35 While such a protocol not neces-

sary in patients receiving avatrombopag for dietary reasons,

the ITP dose titration protocol described in the prescribing

information utilizes this exact dosing strategy and is success-

ful given the relatively long terminal half-life of avatrombo-

pag and the underlying kinetics of thrombopoiesis.

Model development showed that a pharmacokinetic/

pharmacodynamic model with a linear dose effect was

superior to other models in tracking the effect of dose

adjustments and co-administered drug interactions.31 The

final model showed production rate increasing 1.17% per

1 ng/mL increase in plasma avatrombopag concentration.

Pharmacokinetic/pharmacodynamic modeling of avatrom-

bopag shows an overall linear relationship between plate-

let response and plasma avatrombopag concentration.

There were statistically significant effects of race (East

Asian), TPO level, and albumin on the slope parameter,

with each of these factors decreasing the dose effect.

These are not currently believed to be of clinical relevance

in CLD patients,31 as opposed to eltrombopag which does

show clinically significant differences in the platelet

response between East Asian and white patients.The

impact of baseline endogenous TPO level and platelet

response to avatrombopag has not been well-studied in

ITP patients, but evidence suggests a clinically-significant

inverse relation between endogenous TPO level and plate-

let response to both eltrombopag and romiplostim in

patients with ITP.36–38

Table 4 Summary of key pharmacokinetic parameters of avatrombopag

Parameter Value

Median time to maximal concentration (Tmax) 5–8 hrs post-dose

Mean maximal concentration (Cmax)
a 166 ng/mL

Area under the time-concentration curve (AUC0-x)
a 4198 mg.hr/mL

Food effect AUC0-x and Cmax not affected

Volume of distribution (VD) 180 L

Plasma protein binding 96%

Mean terminal half-life (t1/2) 16–19 hrs

Mean Clearance (CL) 6.9 L/hr

Metabolism CYP2C9 and CYP3A4

Excretion 88% fecal, 6% urine

Notes: aFor healthy subjects administered 40 mg avatrombopag. Reproduced with permission from Al-Samkari, H. Avatrombopag maleate for the treatment of

periprocedural thrombocytopenia in patients with chronic liver disease. Drugs Today (Barc) 2018, 54(11): 647-655. © 2018 Clarivate Analytics.44
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Relative potency of the TPO-RAs is often questioned. In

healthy volunteers assessed in different studies, romiplostim

was approximately 8 times more potent than eltrombopag at

increasing the platelet count and avatrombopag was approxi-

mately 3 times more potent than eltrombopag at increasing the

platelet count.29,39 This may be true in patients with various

thrombocytopenias, such as ITP, but requires confirmation.40

Drug metabolism
Avatrombopag is metabolized in equal proportions by two

cytochrome P450 (CYP) enzymes, CYP2C9 and CYP3A.31

The avatrombopag and its metabolites are mainly excreted in

feces (88%); 34% of the drug is excreted in the feces

unmetabolized.29 CYP2C9 polymorphisms which are known

to decrease enzyme activity have been studied and showed

that these “intermediate metabolizers” have a higher exposure

to avatrombopag, possibly due to decreased clearance and

therefore increased circulating plasma avatrombopag levels.

These polymorphisms are more common in whites as com-

pared to the Asian population (18% vs 3%).29 Trials have not

suggested these polymorphisms lead to a clinically significant

difference in response to avatrombopag.

A study in 48 healthy volunteers examined the pharma-

cokinetic properties of avatrombopag when administered

alone and in with with fluconazole (moderate inhibitor of

CYP2C9 and CYP3A), itraconazole (strong CYP3A inhi-

bitor), or rifampin (strong inducer of CYP3A and moderate

inducer of CYP2C9). Data showed that administration of

avatrombopag with fluconazole increased the AUC by 2.16-

fold and extended the half-life by 20 hrs. Itraconazole

increased the AUC by 1.37-fold, with the half-life extended

by 8.4 hrs. Rifampin, the inducer of CYP3A and CYP2C9,

decreased the AUC by 0.568-fold, decreasing the half-life

by 10 hrs. The substantial impact of fluconazole on phar-

macokinetic parameters suggests that CYP2C9 plays a

more dominant role in avatrombopag metabolism than

CYP3A.41 However, for the dosing regimens currently

used, the effects of CYP inducers and inhibitors were

found to be clinically insignificant, as well as lacking any

safety concerns, and so dose adjustments are not currently

required.31

Conclusion
Avatrombopag is a TPO receptor agonist currently approved

for periprocedural use in patients with thrombocytopenia

secondary to chronic liver disease as well as immune throm-

bocytopenia. The drug is effective at increasing platelet

counts and is generally well-tolerated. Unlike eltrombopag,

avatrombopag can be taken without dietary restrictions and

does not show significant differences in platelet response

based on race. Avatrombopag-drug interactions appear to

be generally clinically insignificant. Additional study is

ongoing to assess the use of avatrombopag to treat che-

motherapy-induced thrombocytopenia.
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