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Abstract
Thrombocytopenia is a multifactorial disorder that is common in patients with 
chronic liver disease (CLD), leading to challenging perioperative planning. As 
thrombocytopenia in CLD is associated with thrombopoietin (TPO) deficiency, the 
use of TPO-receptor agonists (TPO-RAs) to increase platelet counts is a promising 
approach. This has led to the development of various TPO-RAs, including 
romiplostim, eltrombopag, avatrombopag, and lusutrombopag. Of these, only 
avatrombopag and lusutrombopag are approved by the United States Food and 
Drug Administration for the perioperative treatment of thrombocytopenia in 
patients with CLD. Platelet transfusion is commonly used for the clinical 
management of thrombocytopenia in patients with CLD undergoing invasive 
procedures. However, the limitations and possible risks of transfusion, including 
short duration of efficacy, development of antiplatelet antibodies, risk of 
infections and such complications as transfusion-related acute lung injury or 
circulatory overload, and possibility of refractoriness, limit its use. Moreover, 
there is no consensus among guidelines as to the platelet count at which 
transfusions are indicated. Results from studies using TPO-RAs perioperatively in 
patients with thrombocytopenia and CLD are promising and provide an 
alternative to platelet transfusions in the pre- and post-operative setting. These 
TPO-RAs are the subject of this review, with focus on their use in the 
perioperative setting in patients with thrombocytopenia, associated supporting 
clinical trials, efficacy and safety data, and their use with respect to platelet 
transfusions.

Key words: Chronic liver disease; Thrombocytopenia; Thrombopoietin; Receptor agonist; 
Avatrombopag; Lusutrombopag; Romiplostim; Perioperative

https://www.f6publishing.com
https://dx.doi.org/10.13105/wjma.v8.i3.220
http://orcid.org/0000-0002-0389-7269
http://orcid.org/0000-0001-6821-0416
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:abonder@bidmc.harvard.edu


Qureshi K et al. TPO-RAs for perioperative treatment in CLD

WJMA https://www.wjgnet.com 221 June 28, 2020 Volume 8 Issue 3

P-Reviewer: Ding MX, Moretti R 
S-Editor: Wang JL 
L-Editor: A 
E-Editor: Qi LL

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Thrombocytopenia in patients with chronic liver disease complicates 
perioperative planning. Platelet transfusions are typically used as periprocedural treatment 
in these patients, but their use is complicated due to risk factors such as the development 
of infections and refractoriness. This has led to the development of thrombopoietin-
receptor agonists, such as avatrombopag and lusutrombopag, that can increase platelet 
counts in patients with compromised thrombopoietin production and chronic liver disease. 
These thrombopoietin-receptor agonists can provide physicians with a safe and effective 
alternative to platelet transfusions and their use in clinical practice is the focus of this 
review.

Citation: Qureshi K, Bonder A. Thrombopoietin-receptor agonists in perioperative treatment of 
patients with chronic liver disease. World J Meta-Anal 2020; 8(3): 220-232
URL: https://www.wjgnet.com/2308-3840/full/v8/i3/220.htm
DOI: https://dx.doi.org/10.13105/wjma.v8.i3.220

INTRODUCTION
Thrombopoietin (TPO) is a hormone produced by the liver that regulates platelet 
production by binding to and activating TPO receptors that are present on the surface 
of megakaryocytes. This induces a series of signaling cascades, leading to increased 
platelet production[1]. As a result, TPO levels typically decrease as liver disease 
progresses. This impaired TPO production, along with other factors, including platelet 
sequestration due to hypersplenism[2], bone marrow suppression, altered TPO 
metabolism, and development of anti-platelet antibodies, can contribute to 
thrombocytopenia[3].

Recombinant TPOs, as a treatment option, were developed to counter the lowered 
TPO levels by stimulating the TPO receptor. These pharmacologic agents mimic the 
action of TPO by binding to and activating different receptors on the megakaryocytes. 
The first generation of TPO-receptor agonists (TPO-RAs) included recombinant 
human thrombopoietin (known as rhTPO) and pegylated-human recombinant 
megakaryocyte growth and development factor (known as Peg-rHuMGDF). These 
resulted in the development of neutralizing autoantibodies that cross-reacted with 
endogenous TPO and were therefore discontinued. The next-generation TPO-RAs 
developed did not have homology to endogenous TPO and did not, therefore, produce 
an antigenic effect. These included romiplostim (NPLATE®) and eltrombopag 
(Promacta®/Revolade®), and most recently, avatrombopag (Doptelet®) and 
lusutrombopag (Mulpleta®)[4-7]. Of these, avatrombopag and lusutrombopag are 
approved by the United States Food and Drug Administration for the treatment of 
thrombocytopenia in patients with chronic liver disease (CLD) who are scheduled to 
undergo a procedure. Hetrombopag is another TPO-RA that is currently undergoing 
Phase 2 trials.

Patients with thrombocytopenia can have a negative perioperative outcome and 
platelet transfusions can be used to manage platelet counts during this period. 
Bleeding risk associated with low platelet counts has been demonstrated in several 
studies; however, the literature is equivocal, as some studies do not support an 
association. The optimal platelet count prior to performance of surgery varies, 
depending on the procedure and on patient variables, and while various guidelines 
advocate different platelet count thresholds for different invasive procedures, there are 
inadequate data to support these recommendations. For instance, the British Society of 
Hematology proposes thresholds of 50, 80 and 100 × 109/L according to the type of 
invasive procedure[8].

This review will provide an overview of the currently available TPO-RAs, with a 
focus on their use in the perioperative setting in patients with thrombocytopenia and 
CLD, associated supporting clinical trials, including the efficacy and safety data, and 
their use with respect to platelet transfusions.

https://www.wjgnet.com/2308-3840/full/v8/i3/220.htm
https://dx.doi.org/10.13105/wjma.v8.i3.220
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ROMIPLOSTIM
Romiplostim is a recombinant fusion protein (peptibody)[4] containing two identical 
single-chain subunits, each consisting of a human immunoglobulin IgG1 Fc domain 
covalently linked to a peptide, itself containing two TPO receptor binding domains. It 
has no sequence homology to endogenous TPO and is produced using recombinant 
DNA technology in Escherichia coli. Romiplostim increases platelet production in a 
dose-dependent manner by the binding and activation of the TPO receptor, c-Mpl. As 
it is given intravenously, romiplostim avoids first-pass metabolism and is cleared by 
its binding to c-Mpl receptors and via the renal pathway. A single subcutaneous dose 
of 1 mcg/kg to 10 mcg/kg in patients with immune thrombocytopenia (ITP) results in 
a peak platelet count 1.3-14.9 times greater than the baseline platelet count over a 2-wk 
to 3-wk study period[4].

Efficacy and safety in clinical studies
Romiplostim is a subcutaneously administered drug indicated in the treatment of 
thrombocytopenia in patients with chronic ITP who have shown an insufficient 
response to corticosteroids, immunoglobulins, or splenectomy. Several studies have 
explored the efficacy of romiplostim for the management of perioperative 
thrombocytopenia in patients with CLD (Table 1). However, the small sample size in 
these studies is a major limitation. A 3-mo, single-center, single-arm, open-label study 
by Moussa et al[3] evaluated the efficacy of preoperative romiplostim treatment in 35 
male patients with chronic hepatitis C, liver cirrhosis, and thrombocytopenia 
secondary to hepatitis C virus infection over 90 d. Romiplostim administered at 2 
μg/kg once a week for up to 1 mo before the scheduled surgeries resulted in an 
increase in platelet counts (≥ 70 × 109/L) in 33 of the 35 patients, making them eligible 
for the procedure. Additionally, no serious adverse events (AEs) were observed 
during the treatment period (up to day 30) and none of the patients experienced 
postoperative bleeding or a thrombotic event within 60 d of the operation[3]. The 
authors concluded that preoperative treatment with romiplostim could be a viable and 
cost-effective alternative for patients who are unresponsive to standard therapy.

A recent single-center retrospective review of 47 patients treated with romiplostim 
perioperatively showed that the median platelet counts improved from 47 × 109/L at 
the time of romiplostim initiation to 164 × 109/L at the time of surgery. Romiplostim at 
a dose of 3 μg/kg per week for 2 wk increased the platelet count to over 100 × 109/L in 
79% of patients. Additionally, bleeding and thromboembolic events were within 
acceptable limits in these patients[9]. The large cohort of patients, the fact that patients 
in this study had a wide variety of etiologies of thrombocytopenia, and that they 
underwent major surgical procedures, such as open cardiac surgery (unlike previous 
studies where procedures were minor in nature), makes this study stand out from the 
rest. However, the facts that this was a retrospective study without randomization, 
that no uniform platelet count threshold was set prior to proceeding with the medical 
procedure, that romiplostim doses were not standardized, and that bone marrow 
evaluation was not performed limits the conclusions that can be drawn[9]. 
Nevertheless, this study provides evidence for the use of romiplostim perioperatively 
in patients with chronic thrombocytopenia; although, this remains an off-label use for 
romiplostim.

Romiplostim treatment was also found to cause partial portal vein thrombosis 
(PVT), as reported for a 50-year-old woman with Child class B liver cirrhosis and 
hepatitis C-associated ITP; upon discontinuation of treatment complete recanalization 
of the portal vein was noted[10]. Based on this case study, caution must be exercised in 
the use of romiplostim in patients with advanced liver cirrhosis.

ELTROMBOPAG
Eltrombopag is a small-molecule non-peptide TPO-RA that interacts with the 
transmembrane domain of the TPO receptor on megakaryocyte precursors and 
megakaryocytes, leading to increased platelet production[5]. Eltrombopag is 
metabolized via cleavage, oxidation, and conjugation with glucuronic acid, 
glutathione, or cysteine. The cytochrome P450 enzymes involved in the oxidation 
pathway include CTP1A2 and CYP2C8, whereas UGT1A1 and UFT1A3 are involved 
in the glucuronidation pathway[5]. Eltrombopag increases platelet production after 7 d 
of repeated dosing, and platelet counts decrease to baseline 1 wk to 2 wk after 
discontinuing treatment[1]. Eltrombopag is approved for the treatment of 
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Table 1 Efficacy and safety results from clinical trials studying the effect of perioperative use of thrombopoietin-receptor agonists in patients with thrombocytopenia

Ref. Dosing Efficacy results AEs
Romiplostim

Basu et al[38], 2012 65 patients with CLD and thrombocytopenia randomized 1:1:1 
to 500 μg romiplostim: 75 mg eltrombopag: 7 units of platelet 
transfusion

Improved platelet count > 180 × 109/L in all groups Nausea, vomiting, dry mouth, headache, insomnia, 
irritability, local skin rash, shortness of breath, myalgia, 
arthralgia, erythema

Moussa et al[3], 2013 35 male patients with thrombocytopenia and CLD secondary to 
hepatitis C infection, dosed 2 μg/kg romiplostim weekly

Improved platelet count ≥ 70 × 109/L No serious AEs reported

Marshall et al[39], 2015 18 patients with various etiologies of thrombocytopenia, 
including CLD, undergoing wide range of procedures

Improved platelet counts in all patients; all patients could receive surgery without 
delay or cancellation

No venous thromboembolic events

Al-Samkari et al[9], 
2018

48 patients with various etiologies of thrombocytopenia, 
including CLD, undergoing 51 procedures, dosed 3 μg/kg 
romiplostim weekly (range 1-10 μg/kg/wk)

Improved platelet counts achieved in all patients after 1, 2 or 3 doses Bleeding and thromboembolic events within acceptable 
limits

Eltrombopag

292 patients with CLD administeredELEVATE 
(Eltrombopag); Afdhal 
et al[11], 2012 75 mg/d or placebo for 14 d

Platelet transfusion not required in 72% of patients in the eltrombopag group and 
19% of patients in the placebo group

Early study termination due to six portal vein thrombotic 
events in the eltrombopag group; headache, pyrexia, 
abdominal pain, diarrhea, nausea, etc.

Avatrombopag

231 patients with CLD and thrombocytopenia divided into low 
(<40 × 109/L) and high (40 to < 50 × 109/L) baseline platelet 
count cohorts

ADAPT-1; Terrault 
et al[14], 2018

Both cohorts were randomized 2:1 to receive avatrombopag or 
placebo; the low baseline cohort was treated with 60 mg and 
the high baseline cohort was treated with 40 mg avatrombopag, 
or placebo

Platelet transfusion, or rescue procedure for bleeding not required in 65.6% of 
avatrombopag-treated patients and 22.9% of placebo-treated patients in the low 
platelet count cohort and 88.1% of avatrombopag-treated patients and 38.2% of 
placebo-treated patients in the high platelet count cohort

Mild to moderate in severity in all treatment groups; most 
common TEAEs: abdominal pain, dyspepsia, nausea, 
pyrexia, dizziness, and headache; no thromboembolic 
TEAEs

ADAPT-2; Terrault 
et al[14], 2018

204 patients with CLD and thrombocytopenia; same dosing as 
ADAPT-1

Platelet transfusion, or rescue procedure for bleeding not required in 68.6% of 
avatrombopag-treated patients and 34.9% of placebo-treated patients in the low 
platelet count cohort and 87.9% of avatrombopag-treated patients and 33.3% of 
placebo-treated patients in the high platelet count cohort

Same as ADAPT-1; three thromboembolic TEAEs reported

Lusutrombopag

L-PLUS-1; Hidaka 
et al[18], 2018

97 patients with thrombocytopenia and CLD randomized to 
receive 3 mg of lusutrombopag or placebo once daily for up to 7 
d

Platelet transfusion, or rescue procedure for bleeding not required in 79.2% of 
lusutrombopag-treated patients and 12.5% of placebo-treated patients

Most common TEAEs: Nausea, pyrexia, headache, pain, 
and portal vein thrombosis; most common SAE with 
lusutrombopag was portal vein thrombosis

L-PLUS-2; Peck-
Radosavljevic et al[17], 
2019

215 patients; same dosing as L-PLUS-1 Platelet transfusion, or rescue procedure for bleeding not required in 64.8% of 
lusutrombopag-treated patients and 29% of placebo-treated patients

Most TEAEs were mild or moderate in severity; four 
asymptomatic thrombotic events, two each in the 
lusutrombopag and placebo groups, respectively; none 
attributed to lusutrombopag
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AE: Adverse event; CLD: Chronic liver disease; SAE: Serious adverse event; TEAE: Treatment-emergent adverse event.

thrombocytopenia in adults and children with chronic ITP who have an insufficient 
response to corticosteroids, immunoglobulins, or splenectomy, in patients with 
chronic hepatitis C virus infection to allow initiation and maintenance of interferon-
based therapy, and in patients with severe aplastic anemia who have an insufficient 
response to immunosuppressive therapy[5].

Efficacy and safety in clinical studies
The Eltrombopag Evaluated for Its Ability to Overcome Thrombocytopenia and 
Enable Procedures (referred to as “ELEVATE”) study was a double-blind, 
randomized, placebo-controlled, Phase 3 trial conducted in 288 patients with CLD and 
platelet counts below 50 × 109/L to study the ability of eltrombopag to increase platelet 
counts and to reduce the need for platelet transfusions in patients undergoing an 
elective invasive procedure[11]. Patients received either 75 mg eltrombopag once daily 
or placebo. The primary efficacy endpoint was the proportion of patients who did not 
require a platelet transfusion before, during, and up to 7 d after the elective invasive 
procedure, and the secondary endpoint was the proportion of patients with bleeding 
before, during, and up to 7 d after the procedure. A majority of patients in the 
eltrombopag and placebo groups (62% and 56%, respectively) underwent elective 
invasive procedures that were in the lowest bleeding risk category. At the end of 2 wk, 
59% of patients treated with eltrombopag and 5% of those receiving placebo had an 
increased platelet count, and primary endpoint was achieved in 72% and 19% of 
patients, respectively. With the exception of thrombotic events being higher in the 
eltrombopag group (4% vs 1% in the placebo group), the incidence and severity of AEs 
were similar in both groups. Serious AEs occurred in 13% and 12% of patients in the 
eltrombopag and placebo groups, respectively. A total of 8 patients, comprising 6 in 
the eltrombopag group and 2 in the placebo group, experienced 10 thrombotic events, 
with 9 of those events involving the portal venous system. It must be noted that none 
of the 8 total patients with a thrombotic event had received both eltrombopag and a 
platelet/blood product transfusion, and of the 26 patients who received both 
eltrombopag and a transfusion, none had a thrombotic event. Additionally, 5 out of 
the total 8 patients who had a thrombotic event were found to have cancer. However, a 
separate post hoc analysis identified an association between higher platelet counts (> 
200 × 109/L) and an increased risk of thrombotic events[11], and the study was 
terminated early due to the increased incidence of PVT in the eltrombopag arm. Key 
efficacy and safety data from the study are outlined in Table 1.

In the absence of better identification of risk factors for the development of 
thrombotic events, dose optimization, and the risk of PVT in patients with 
thrombocytopenia and CLD undergoing an elective procedure, eltrombopag must be 
used with caution and is not recommended as an alternative to platelet transfusions in 
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this group of patients; this is an off-label use of eltrombopag.

AVATROMBOPAG
Avatrombopag is an oral, small-molecule non-peptide TPO-RA that, like eltrombopag, 
binds to the TPO receptor to bring out a number of cellular reactions that give rise to 
megakaryocytic proliferation and differentiation and increased platelet production. 
Similar to eltrombopag and lusutrombopag[7], it does not compete with TPO for 
binding to the TPO receptor, and may thus have an additive effect with TPO on 
platelet production[6,12]. Cytochrome P450 enzymes CYP2C9 and 3A are responsible for 
metabolizing avatrombopag to corresponding 4-hydroxylated products, with the 
former enzyme playing the predominant role[13]. It is the first TPO-RA to be approved 
for use perioperatively to treat thrombocytopenia in adult patients with CLD 
scheduled to undergo a procedure[6]. Avatrombopag is an orally administered drug 
that is taken with food for 5 d consecutively prior to an elective procedure. 
Avatrombopag results in a dose- and exposure-dependent increase in platelet counts 
in adults within 3-5 d of treatment, with a peak effect occurring after 10-13 d and 
counts remaining elevated over 50 × 109/L for at least 7 d post-procedure. Baseline 
levels are achieved after 35 d[6].

Efficacy and safety in clinical studies
There have been two randomized, double-blind, placebo-controlled Phase 3 trials[14] - 
ADAPT-1 and ADAPT-2 - with identical designs that have studied the effectiveness 
and safety of avatrombopag in reducing the need for platelet transfusion and rescue 
from bleeding in patients with CLD scheduled for a procedure. Patients were screened 
to exclude several criteria, including presence of arterial or venous thrombosis and a 
portal vein blood flow below 10 cm/s. Included patients were divided into low and 
high baseline platelet count cohorts and received 60 mg/d and 40 mg/d of 
avatrombopag, respectively. The primary endpoint of these studies was the proportion 
of patients who did not require a platelet transfusion or rescue procedure for bleeding 
after randomization and up to 7 d after a scheduled procedure. Secondary efficacy 
endpoints included the proportion of patients achieving the target platelet count of ≥ 
50 × 109/L on the day of the procedure and the mean change in platelet count from 
baseline to procedure day. Patients treated with avatrombopag demonstrated 
increased platelet counts that were approximately 30-50 × 109/L higher on average 
compared with patients treated with placebo before minor invasive procedures, with a 
net doubling of counts on average. There were no meaningful differences in AEs of 
special interest among the avatrombopag-treated and placebo-treated patients, 
including thromboembolism, and the rates of occurrence of AEs across both the 
studies were comparable in the avatrombopag- and placebo-treated groups[14]. A 
treatment-emergent AE (TEAE) of partial PVT was observed in 1 avatrombopag-
treated patient in the high baseline platelet count cohort in the ADAPT-2 trial at 13 d 
after the last avatrombopag dose and was assessed as nonserious and possibly related 
to the drug. Thromboembolic events were also observed in 2 placebo-treated patients 
in the ADAPT-2 trial, one being an acute myocardial infarction and the other a 
disseminated intravascular coagulation/ pulmonary embolus. Thromboembolic 
TEAEs were not noted in the ADAPT-1 trial. One non-TEAE of PVT was observed in 
the avatrombopag group (60 mg) at 31 d after the final dose of avatrombopag and was 
assessed as serious but not related. Table 1 outlines the key efficacy and safety results 
from these trials.

Results from a pharmacokinetic modeling study have shown that repeated dosing 
of avatrombopag as early as 12 d after completion of the first dosing can increase 
platelet counts to within safe limits[15]. Saab et al[16] have recently reported that repeated 
dosing of avatrombopag in 4 patients with CLD and thrombocytopenia led to a 2.3-
fold mean increase in platelet count after the first dosing and 2.6-fold mean increase 
after the second dosing. The patients underwent procedures within 9-13 d after 
starting avatrombopag, with repeat dosing performed at least 30 d after completing 
the first dose. None of the patients required platelet transfusions or rescue therapy, or 
had TEAEs, and repeated dosing did not reduce the efficacy of avatrombopag[16]. 
Avatrombopag dosing has the ability to limit the magnitude and duration of increase 
in patient platelet counts and this predictable pharmacokinetic/pharmacodynamic 
profile could potentially be contributing to the limited risk of thromboembolic events 
associated with this treatment[14].



Qureshi K et al. TPO-RAs for perioperative treatment in CLD

WJMA https://www.wjgnet.com 226 June 28, 2020 Volume 8 Issue 3

LUSUTROMBOPAG
Lusutrombopag is an orally administered, small-molecule non-peptide TPO agonist 
that activates the signal transduction pathways in a manner similar to endogenous 
TPO (while not competing for the same binding site), leading to increased platelet 
production[6-7]. Lusutrombopag is metabolized via the β- and ω-oxidation pathways 
and glucuronidation. The cytochrome P450 enzymes are mainly responsible for its 
metabolism, including CYP4A11[13]. The mean maximum platelet count following 
treatment with 3 mg/d lusutrombopag was 86.9 × 109/L and the median time to reach 
this was 12 d[7].

Efficacy and safety in clinical studies
Data from two Phase 3 double-blind studies, L-PLUS-1 and L-PLUS-2, have shown 
lusutrombopag to be effective in raising platelet counts in patients with CLD and 
thrombocytopenia prior to undergoing an elective invasive procedure. The primary 
endpoint of both trials was the proportion of patients who avoided pre-procedure 
platelet transfusions and rescue therapy for bleeding, as assessed from randomization 
through 7 d post-procedure[17,18]. Key secondary endpoints included the number of 
patients who required no platelet transfusions during the study, the proportion of 
patients who achieved a platelet count of ≥ 50 × 109/L with an increase of ≥ 20 × 109/L 
from baseline at any time during the study, and the number of days during which the 
platelet count was maintained at ≥ 50 × 109/L[17]. Safety assessments included the 
incidence of AEs, adverse drug reactions, bleeding-related AEs, and thrombotic 
events. Patients treated with lusutrombopag perioperatively demonstrated 
improvements in platelet counts similar to those seen with avatrombopag after 7 d of 
treatment. In the L-PLUS-1 trial, one serious AE of PVT, possibly related to 
lusutrombopag treatment, was reported in the lusutrombopag-treated group and one 
mild incidence of superior mesenteric vein thrombosis was reported in the placebo 
group that was considered not related to the study drug. As neither event was 
associated with an extremely high platelet count, and the incidence of thrombotic 
events were similar in both treatment groups, the authors concluded that no further 
monitoring for thromboembolic events was required in lusutrombopag-treated 
patients. In the L-PLUS-2 trial, four TEAEs were reported, two each in the 
lusutrombopag- and placebo-treated groups, respectively. All events were 
asymptomatic and deemed to be consistent with the findings of a meta-analysis that 
suggested the prevalence of PVT in patients with CLD and thrombocytopenia. Table 1 
outlines the key safety and efficacy results from these trials.

A recent retrospective report of 1760 cirrhotic patients with low platelet counts[2] 
found that 66% of patients with platelet counts below 50 × 109/L required platelet 
transfusions for radiofrequency ablation, 43% for transarterial chemoembolization, 
and 55% for endoscopic injection sclerotherapy/endoscopic variceal ligation. When 25 
of these patients were administered lusutrombopag prior to the procedures, platelet 
counts increased significantly compared with baseline levels (82 × 109/L vs 41 × 109

/L), and of these patients, only 4 needed platelet transfusions before the procedures. 
The proportion of lusutrombopag-treated patients who required platelet transfusions 
was significantly lower (16%) compared with patients not treated with lusutrombopag 
(54%)[2]. Lusutrombopag was also found to be more effective in raising platelet counts 
in patients with baseline platelet counts above 30 × 109/L compared with patients with 
baseline platelet counts �less than or equal to 30 × 109/L and spleen index greater than 
or equal to 40 cm2[2]. The authors of this retrospective study reported 1 case of portal 
thrombosis in the lusutrombopag group, which was revealed via a routine CT scan 
taken on the 12th d of treatment. The causal relationship of thrombosis with 
lusutrombopag treatment was unclear[2].

Sato et al[19] were the first to report the efficacy of repeated administration of 
lusutrombopag (3 mg daily) in a patient with hepatocellular carcinoma who had two 
planned invasive procedures, radiofrequency ablation and transarterial 
chemoembolization. In the first instance, lusutrombopag was discontinued after 5 d, as 
the platelet count increased to 98 × 109/L by day 5, while in the second instance, the 
patient required the full 7-d treatment to achieve a platelet count above 50 × 109/L. No 
AEs such as portal thrombus were reported during either of the treatments. More 
recently, Ishikawa et al[20] reported the safety and efficacy of repeated use of 
lusutrombopag to increase platelet counts in 8 patients with hepatocellular carcinoma 
and thrombocytopenia prior to repeated scheduled radiofrequency ablation 
procedures. Platelet counts increased from 42500 ± 5200/µL at baseline to 103100 ± 
22800/µL at day 14 after first treatment, and from 43800 ± 6000/µL at baseline to 
110700 ± 17800/µL at day 14 after repeat treatment, demonstrating that the repeated 
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use of lusutrombopag does not decrease its effect on platelet counts. None of the 
patients developed clinical symptoms such as thrombosis or PVT[20].

HETROMBOPAG
Hetrombopag is a small-molecule non-peptide TPO-RA, with a mechanism of action 
similar to eltrombopag but with an in vivo pharmacological effect that is 8-10 times that 
of eltrombopag[21]. Based on animal studies, it appears that hetrombopag is primarily 
metabolized via glucuronidation and hydrolyzed into aglycone following excretion 
with bile acid[21]. A Phase 1 study demonstrated that hetrombopag is safe and well-
tolerated in healthy subjects and can be a potential candidate for the treatment of 
patients with chronic ITP[21]. It is now in Phase 2 trials for the treatment of ITP. 
Currently, there are no clinical studies underway to examine the effectiveness and 
safety of hetrombopag as perioperative treatment of thrombocytopenia in patients 
with CLD.

TPO-RAs FOR OTHER INDICATION UNDER INVESTIGATION
Romiplostim and eltrombopag are currently approved for management of chronic ITP 
but there are studies (like the ones outlined earlier) demonstrating their efficacy in 
other indications. For instance, romiplostim has demonstrated efficacy in treating 
chemotherapy-induced thrombocytopenia and myelodysplastic syndromes[22]. 
Eltrombopag has been shown to be effective in the treatment of hepatitis C infection 
(where it raises the platelet counts enough to allow continued treatment with ribavirin 
and pegylated-interferon), myelodysplastic syndrome, acute myeloid leukemia, and 
severe aplastic anemia[23]. Both avatrombopag and lusutrombopag have been approved 
for use perioperatively to treat thrombocytopenia in patients with CLD. Recently, a 
supplemental New Drug Application was filed for avatrombopag as therapy for the 
treatment of chronic ITP; meanwhile, the trial for avatrombopag as therapy in 
chemotherapy-induced thrombocytopenia (NCT03471078) is still underway. A trial to 
study the safety and efficacy of hetrombopag (NCT03222843) for the treatment of 
chronic ITP is currently underway.

RECOMMENDATIONS ON USING PLATELET TRANSFUSIONS BY 
SCIENTIFIC AND GOVERNING BODIES
Patients with thrombocytopenia and CLD are at an increased risk of bleeding. Platelet 
transfusions can be administered in these patients prophylactically, prior to scheduled 
medical procedures to minimize the risk of bleeding, or therapeutically to control 
bleeding. The goal of any prophylactic treatment is limiting hemorrhagic events in the 
peri- and post-operative surgical setting. However, there is uncertainty in prophylactic 
treatment of thrombocytopenia, as there are no effective tools that can predict bleeding 
risk in patients, and data on the correlation between thrombocytopenia and the risk of 
bleeding are equivocal[24,25]. While platelet transfusion is a primary option in these 
patients, the decision to undergo transfusion can be a complicated one.

Lack of consensus among guidelines
There is a lack of consensus among guidelines related to platelet transfusion in 
patients, primarily due to lack of sufficient and supportive data to substantiate the 
recommended platelet transfusion triggers[26]. Further, there are no guidelines that 
provide recommendations for platelet transfusion specifically for patients with CLD 
prior to an elective procedure. The variations in the recommended platelet threshold 
values before invasive procedures often depend on the type of patient and the 
perceived risk of the procedure. The American Society for Gastrointestinal Endoscopy 
(ASGE) guidelines[27], which are not specific to gastrointestinal bleeding, state that the 
minimum threshold platelet count for undergoing upper gastrointestinal endoscopy 
has not been established, but they also point out that there are publications supporting 
20 × 109/L and 50 × 109/L as the threshold for platelet counts prior to diagnostic 
procedures and biopsies, respectively. The American Association for the Study of 
Liver Diseases guidelines for transcutaneous or transvenous liver biopsy state that 
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platelet transfusions should be considered when platelet counts are less than 50-60 × 
109/L[28], and the ASGE guidelines recommend platelet transfusions only in case of 
severe thrombocytopenia[29]. The current American Society of Hematology guidelines 
recommend the use of corticosteroids as first-line treatment in newly diagnosed adults 
with a platelet count less than 30 × 109/L who are symptomatic or have minor 
mucocutaneous bleeding. In adults with ITP ≥ 3 mo who are corticosteroid-dependent 
or unresponsive to corticosteroids, the guidelines suggest treatment with TPO-RA 
eltrombopag or romiplostim. The guidelines recommend second-line treatment to be 
individualized, based on duration of disease and patient preferences; however, they 
provide no recommendations regarding the use of therapies prior to undergoing an 
invasive procedure or treatment[30].

The updated (2019) International Consensus Report on Management of ITP 
recommends target platelet counts above 50 × 109/L for minor surgery, above 80 × 109

/L for major surgery, and above 100 × 109/L for major neurosurgery[31]. The National 
Institute for Health and Care Excellence guidelines recommend prophylactic platelet 
transfusions in patients who are having invasive procedures or surgery, in order to 
raise the platelet counts above 50 × 109/L. They advocate a higher threshold (50-60 × 
109/L) for patients with a high risk of bleeding who are having invasive procedures or 
surgery after taking into account the type of procedure, the cause of 
thrombocytopenia, any coexisting causes of abnormal hemostasis, and whether the 
patient’s baseline platelet count is falling. These guidelines also recommend 
prophylactic platelet transfusions to raise the platelet counts above 100 × 109/L in 
patients having surgery at critical sites, such as the central nervous system, whereas 
they do not recommend transfusions for patients having procedures with a low risk of 
bleeding, such as central venous cannulation or bone marrow aspiration[32]. The 
American Association of Blood Banks guidelines recommend prophylactic platelet 
transfusion for minor invasive procedures, such as central venous catheter placement 
at platelet counts ≤ 20 × 109/L and for major non-neuraxial surgery at platelet counts ≤ 
50 × 109/L, but do not make recommendations for bleeding patients with 
thrombocytopenia[29].

Downsides of platelet transfusions
The choice of initiating platelet transfusions can also be complicated due to the 
associated risks. Platelet transfusions have been associated with a number of blood 
transfusion reactions, the possibility of fatal complications ( i.e. sepsis), 
proinflammatory responses, febrile non-hemolytic reactions, and acute lung injury[33]. 
There is also the risk for development of refractoriness that can prevent further platelet 
transfusions which can, in turn, lead to decreased survival, prolonged hospital stays, 
and increased healthcare costs[13,34]. A major limitation of platelet transfusions is the 
short lifespan of platelets, which require use to occur within 4 d of obtainment to 
prevent bacterial growth[33]. There is also a shortage of platelets currently, due to the 
decline in blood collection and utilization[35].

While platelet transfusions can effectively increase platelet counts in the 
perioperative setting, factors such as alloimmunization or personal beliefs (e.g. 
Jehovah’s Witnesses), suggest a need for alternatives[9].

GUIDANCE ON USE OF TPO-RAs
The treatment of patients with thrombocytopenia who require a medical procedure is 
variable and uncertain, as there are limited data to inform decisions. The aim of the 
treating physician is to minimize bleeding and improve clinical outcomes. Even 
though guidelines have no consensus on the threshold for platelet transfusion, most 
do support raising the platelet levels (to varying degrees) prior to procedures. This, 
combined with the risk associated with platelet transfusions, may make TPO-RAs an 
alternative to platelet transfusions in patients with CLD.

An ideal treatment for thrombocytopenia in patients with CLD undergoing an 
invasive procedure would have the following characteristics: (1) Effectiveness; (2) Oral 
bioavailability; (3) Minimal adverse effects; and (4) Cost-effectiveness. Neither platelet 
transfusions nor TPO-RAs satisfy all these requirements. Table 2 lists the key safety 
and tolerability information for each TPO-RA approved for use. Unlike platelet 
transfusions, TPO-RAs are not capable of increasing platelet counts rapidly, as the 
platelet counts increase approximately 5-7 d after and peak approximately 10-14 d 
after administration of a TPO-RA[36]. Therefore, one potential disadvantage of TPO-
RAs is the lag time between dosage and increased platelet numbers, as it prevents the 
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Table 2 Key safety and tolerability information for thrombopoietin-receptor agonists approved for use[4-7]

Drug Indication Boxed warning AEs Use in special populations

Romiplostim Treatment of thrombocytopenia in patients with chronic ITP who have had an 
insufficient response to corticosteroids, immunoglobulins, or splenectomy

None Thrombotic and thromboembolic events; bone marrow 
fibrosis; most common AEs: Arthralgia, dizziness, 
insomnia, myalgia, pain in extremity, abdominal pain, 
shoulder pain, dyspepsia, and paresthesia, headache

Not to be used in pregnancy and during lactation; 
safety and effectiveness in pediatric patients has not 
been established; use in geriatric patients with dose 
adjustment

Eltrombopag Treatment of thrombocytopenia in adult and pediatric patients 1 yr and older 
with chronic ITP who have had an insufficient response to corticosteroids, 
immunoglobulins, or splenectomy; treatment of thrombocytopenia in patients 
with chronic hepatitis C to allow the initiation and maintenance of interferon-
based therapy; treatment of patients with severe aplastic anemia who have 
had an insufficient response to immunosuppressive therapy

Risk for hepatic 
decompensation in 
patients with chronic 
hepatitis C; risk of 
hepatotoxicity

Thrombotic and thromboembolic events; hepatoxicity; 
monitor liver function before and during therapy; 
increased risk of death and progression of MDS to AML; 
common AEs in patients with ITP: Nausea, diarrhea, 
upper respiratory tract infection, vomiting, increased 
ALT, myalgia and urinary tract infection

Not to be used in pregnancy and during lactation; 
safety and effectiveness in pediatric patients 1 yr 
and older with chronic ITP has been established; 
use in geriatric patients has not been studied in 
clinical trials; reduced initial dose recommended 
for patients of East Asian ancestry with ITP

Avatrombopag Treatment of thrombocytopenia in adult patients with chronic liver disease 
who are scheduled to undergo a procedure

None Thrombotic and thromboembolic complications: 
Monitoring platelet counts essential; common AEs: 
Pyrexia, abdominal pain, nausea, headache, fatigue, and 
edema peripheral

Not to be used in pregnancy and during lactation; 
safety and effectiveness in pediatric patients has not 
been established; use in geriatric patients has not 
been studied in clinical trials

Lusutrombopag Treatment of thrombocytopenia in adult patients with chronic liver disease 
who are scheduled to undergo a procedure

None Thrombotic and thromboembolic complications: 
Monitoring platelet counts essential; most common AE: 
headache

Not to be used in lactating patients; use in geriatric 
patients has not been studied in clinical trials; 
safety and effectiveness in pediatric patients has not 
been established

AE: Adverse event; AML: Acute myeloid lymphoma; ITP: Immune thrombocytopenia; MDS: Myelodysplastic syndrome.

use of TPO-RAs in emergent situations. The advantages of TPO-RAs include oral 
bioavailability (except in case of romiplostim, which is administered subcutaneously), 
their ability to increase platelet counts endogenously, and sustaining the increase over 
a longer duration compared to that produced by platelet transfusions and thereby 
reducing the need for rescue therapy while causing fewer procedure-related 
complications than platelet transfusions. Avatrombopag and lusutrombopag are 
currently the only TPO-RAs approved for the perioperative treatment of 
thrombocytopenia in patients with CLD, and compared with romiplostim and 
eltrombopag, they are associated with a decreased risk of thromboembolic and hepatic 
events. Nevertheless, platelet counts must be measured during treatment, as counts 
higher than 200 × 109/L have been shown to be associated with serious AEs, such as 
PVT. Both avatrombopag and lusutrombopag may be used in cirrhotic patients with 
low platelet counts scheduled to undergo an elective procedure with bleeding risks 
and in patients who cannot undergo platelet transfusions (Figure 1). Depending on the 
pre-procedure platelet counts, patients should be treated with either 40 mg or 60 mg of 
avatrombopag; the dose of lusutrombopag is always 3 mg. The window for 
undergoing procedures following dosing with avatrombopag and lusutrombopag is 
between 9-13 d and 8-14 d, respectively. It must be noted that while clinical trials with 
avatrombopag and lusutrombopag excluded patients with PVT, a PVT-prescreen is 
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Figure 1  Patient criteria and general schema for administration of oral thrombopoietin-receptor agonists in patients with chronic liver 
disease and thrombocytopenia scheduled to undergo a procedure. Ava: Avatrombopag; Lusu: Lusutrombopag; TPO-RAs: Thrombopoietin-receptor 
agonists.

not a requirement as per labeling guidelines for both these TPO-RAs. Patients with 
liver cirrhosis and high Child-Turcotte-Pugh scores are more likely to have severe 
thrombocytopenia and also require invasive diagnostic procedures. Extreme caution 
must be taken when using TPO-RAs in such patients, as they are at high risk of 
developing PVT; currently, no data on the effects of the TPO-RAs avatrombopag and 
lusutrombopag in this class of patients are available, as they were excluded from the 
clinical trials[14,16-18].

There are also pricing differences between avatrombopag and lusutrombopag; in 
the United States, the wholesale acquisition cost (WAC) of avatrombopag for a 5-d 
course is $2970 for the 40-mg dose and $4455 for the 60-mg dose. The WAC for a 7-d 
course of lusutrombopag is $8500[37].

CONCLUSION
Recommendations for procedure-specific minimum platelet counts prior to a 
scheduled procedure often have inadequate supporting evidence, and the benefit of 
prophylactic platelet transfusion remains unclear. Physicians typically assess the need 
for platelet transfusions on a patient-to-patient basis, relying on their own experience 
and patient comorbidities to inform their decisions. TPO-RAs are a safe and effective 
alternative treatment option for patients with thrombocytopenia who are undergoing a 
medical procedure. They are associated with increased platelet counts, decreased 
bleeding events, and a reduced need for rescue treatments. Recent studies also support 
the safe and efficacious repeated use of TPO-RAs in patients with CLD. The exact fit of 
TPO-RAs, as compared with platelet transfusions, in patients with thrombocytopenia 
prior to undergoing a medical procedure is still unclear. Comparative clinical trial data 
in patients with thrombocytopenia are required to assess the efficacy, safety, cost-
effectiveness, and impact on patient quality of life of TPO-RA use compared with the 
traditional use of platelet transfusions prior to scheduling a medical procedure. In the 
meantime, treatment decisions must be individualized by establishing the advantages 
and disadvantages of both these treatment options on a case-by-case basis.
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