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Introduction: Eltrombopag (EPAG), a thrombopoietin receptor agonist, was

approved for the treatment of severe aplastic anemia (SAA) combined with

immunosuppressive therapy (IST). However, EPAG contains a typical biphenyl

structure, which causes liver function damage.

Methods: Twenty patients with SAA who were intolerant or refractory to EPAG

were enrolled in a multicenter prospective registry of the Chinese Eastern

Collaboration Group of Anemia (ChiCTR2100045895) from October 2020 to

June 2023.

Results: Eight patients who were ineffective to EPAG, six with kidney impairment,

and nine with abnormal liver function (two with concomitant liver and kidney

impairment) were converted to avatrombopag (AVA) therapy with the median

duration of AVA treatment was 6 (3-24) months. 17 cases (85%) achieved

trilineage hematological response (HR): complete remission (CR) in 3 cases

(15%), good partial remission (GPR) in 4 cases (20%), partial remission (PR) in 10

cases (50%), and no response (NR) in 3 cases (15%). The median time to response

was 1.7 (0.5-6.9) months, with 16 cases (94%) achieving response within six

months and 17 cases (100%) within 12 months. 9 cases (50%) achieved

transfusion independence. AVA converted treatment was associated with

higher neutrophil counts (0.8×109/L vs 2.2×109/L, p=0.0003), platelet counts

(11×109/L vs 39×109/L, p=0.0008), hemoglobin count (59g/L vs 98g/L,

p=0.0002), red cell count (1.06×1012/L vs 2.97×1012/L, p=0.001), and absolute

reticulocyte count (31.99 ×109/L vs 67.05×109/L p=0.0004) were all significantly

elevated compared with the pre-treatment level. After the conversion to AVA

therapy, liver and kidney function indexes were maintained within the normal

range, no AVA related grade 2 or higher adverse events occurred, and no

thrombotic events occurred.
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Conclusion: The conversion to AVA was an optimal choice for patients with SAA

who were EPAG intolerant or refractory.

Clinical trial registration: http://www.chictr.org.cn/showproj.html?proj=

125480, identifier ChiCTR2100045895.
KEYWORDS

avatrombopag, eltrombopag, severe aplastic anemia, safty, therapy
1 Introduction

Severe aplastic anemia (SAA) is a bone marrow failure

syndrome characterized by T lymphocyte-mediated apoptosis of

hematopoietic stem cells (1). Intensive immunosuppressive therapy

(IST) is the first-line treatment for SAA patients who are not

suitable for transplantation, with an effective rate of 60%-70% for

anti-thymocyte globulin (ATG) combined with cyclosporine A

(CsA) treatment (2).

Interferon-g can affect the binding of TPO to TPO-R. EPAG, as

a small molecule compound, can bypass this action and bind to the

transmembrane region of TPO-R, activating the intracellular STAT

signaling pathway, increasing the number of CD34+ cells and

multipotent hematopoietic progenitor cells, and improving the

function of hematopoietic stem-progenitor cells (HSPC) (3–5). It

can also specifically activate the classical non-homologous end

joining DNA repair mechanism, thereby increasing the genetic

stability of HSPC (6). EPAG chelates metal cations, which can

alleviate iron overload caused by chronic anemia and transfusion

dependence, and improve the hematopoietic microenvironment

(7). In combination with IST, EPAG could improve therapeutic

response (8–10).

However, EPAG contains a typical biphenyl structure, requires

the involvement of uridine diphosphoglucuronyl transferase

UGT1A1 and UGT1A3 for metabolism. It can cause liver

function damage, and the FDA has issued a black box warning

for liver toxicity in the EPAG package insert (11).

Unlike EPAG, avatrombopag (AVA) is mainly metabolized by

liver enzymes CYP3A and CYP2C9 and does not cause elevation of

bilirubin levels (12). AVA does not chelate metal ions and can be

taken with food without affecting absorption (13), and absorption is

even better when taken with high-fat food (12). AVA has been

approved by the FDA for the treatment of thrombocytopenia in

patients with chronic liver disease (CLD) during the perioperative

period and in adults with chronic immune thrombocytopenia (ITP)

(14). The targets and efficacy of different TPO-RA agents are not

entirely consistent (15). Therefore, we attempted to switch SAA

patients who were intolerant or unresponsive to EPAG to AVA

treatment. The cases were prospectively registered in the Severe

Aplastic Anemia Database of the Chinese Eastern Collaboration
02
Group of Anemia (CECGA ChiCTR2100045895), and the efficacy

and safety of AVA therapy were explored.

2 Materials and methods

2.1 Study population and methods

2.1.1 Patients
From October 2020 to June 2023, a prospective registration of

20 patients with SAA who switched from EPAG to AVA treatment

was conducted and recorded in the CECGA database

(ChiCTR2100045895). These patients were from the First

Affiliated Jiangning Hospital of Nanjing Medical University, the

First Affiliated Hospital of Nanjing Medical University/Jiangsu

Province People’s Hospital, and the Second Hospital of Nanjing.

All patients signed informed consent forms for treatment and

followed ethical principles based on good clinical practice and the

Helsinki Declaration. At the same time, we recruited 38 patients

who continued to use EPAG as a control (Supplementary Table 1).

The diagnostic criteria for SAAwere as follows: platelet (PLT) count

<20×109/L, absolute neutrophil count (ANC)<0.5 ×109/L, reticulocyte

(Ret) count<20 ×109/L. Patients with congenital bone marrow failure

disorders, myeloproliferative neoplasms, myelodysplastic syndromes

(MDS), classical paroxysmal nocturnal hemoglobinuria (PNH), or

acute myeloid leukemia (AML) were excluded from the study (16).

2.1.2 Treatment protocol
Only Rabbit ATG and Porcine ATG were used in our trial, due

to the unavailability of horse ATG in China mainland. Porcine ATG

at a dose of 30 mg kg-1d-1 or rabbit ATG at a dose of 3.5 mg kg-1d-1

were administered continuously for five days. The initial dosage of

CsA started at 3-5 mg kg-1d-1 and was adjusted to maintain the

serum trough concentrations at approximately 150-250 mg/L.
EPAG was introduced at a dose of 75-100 mg/d, initially from the

first day of IST.

For patients who did not respond to IST after six months or those

intolerant to EPAG, conversion to AVA at an oral dose of 40 mg/day

was initiated. If the platelet count was<50×109/L, the AVA dose was

increased to 60 mg/day. If the platelet count was≥150×109/L, the

AVA dose was reduced. The dosage range was 20-60 mg/day.
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2.1.3 Treatment evaluation criteria response
and safety

The treatment response criteria for SAA were based on the

revised guidelines of the British Committee for Standards in

Haematology in 2016 (16). The treatment response criteria

for SAA/very severe aplastic anemia (VSAA) are as follows:

(1) Complete Response (CR): Hemoglobin (HGB)>100 g/L,

platelet count (PLT)>100×109/L, and absolute neutrophil count

(ANC)>1.5×109/L. (2) Good Partial Response (GPR): HGB>80 g/L,

PLT>50×109/L, and ANC>1.0×109/L. (3) Partial Response (PR): No

longer dependent on blood product transfusions, improvement in

hematological parameters, no longer meeting the criteria for SAA,

but not reaching the GPR criteria. (4) No Response (NR): Patients

who did not achieve independence from blood product transfusion

support, or still met the criteria for SAA. Early death within three

months after starting AVA therapy was defined as early mortality

and considered NR. Overall survival time was defined as the time

from the beginning of AVA therapy to patient death or the end of

follow-up. Relapse was defined as a decline in blood counts to values

requiring re-initiation of full-dose treatment or recurrence

of transfusion.

Blood counts and liver and kidney function were examined

once a week during the first month, every two weeks within three

months, and once a month after three months. Then, the patients

were followed up at least every three months after 12 months

post-IST.

Kidney function evaluation indexes: all patients underwent

urinalysis and serum creatinine at baseline and evaluation, and

evidence of proteinuria was considered if urinalysis showed positive

urine protein, and glomerular filtration rate [GFR, mL (/min-

1.73m2)] was estimated according to the MDRD formula (17, 18).

According to chronic kidney disease (CKD) stratification (19), CKD

is divided into five stages: stage 5 CKD, GFR (/min-1.73m2); stage 4

CKD, GFR 15-30mL (/min-1.73m2); stage 3 CKD, GFR 30-60mL

(/min-1.73m2); stage 2 CKD, GFR 60-90mL (/min-1.73m2) and

evidence of kidney injury; CKD stage 1, GFR >90mL (/min-1.73m2)

and evidence of kidney injury. Evidence of kidney injury was

defined as urinalysis showing proteinuria or abnormal kidney

imaging findings (19).

Liver function evaluation indexes: All patients underwent liver

function evaluation at baseline and at evaluation, including alanine

aminotransferase (ALT), aspartate aminotransferase (AST),

glutamyl transpeptide (GGT), alkaline phosphatase (ALP), and

hemobilirubin (BIL) respectively. According to the Common

Terminology Criteria for Adverse Events version CTCAE 5.0,

abnormal liver function is divided into four stages: When the

measurement values of ALT and AST are>3.0 times the upper

limit, GGT and ALP are>2.5 times the upper limit, BIL is>1.5 times

the upper limit, it is defined as CTCAE Grade 1. When the

measured values of ALT and AST are 3.0~5.0 times the upper

limit, GGT and ALP are 2.5~5.0 times the upper limit, BIL is

1.5~3.0 times the upper limit, it is defined as CTCAE Grade 2.

When the measured values of ALT, AST, GGT and ALP are 5.0~20

times the upper limit, BIL is 3.0~10 times the upper limit, it is

defined as CTCAE Grade 3. When the measured values of ALT,
Frontiers in Immunology 03
AST, GGT and ALP are more than 20 times the upper limit, BIL is

more than 10 times the upper limit, it is defined as CTCAE Grade 4.

Bone marrow cytology, bone marrow biopsy, and cytogenetic

tests were conducted 12 months after AVA therapy to evaluate

treatment efficacy and monitor disease progression. Adverse events

were graded according to the Common Terminology Criteria for

Adverse Events version CTCAE 5.0.

2.1.4 Statistical analysis
Statistical analysis and graph plotting were performed using

GraphPad Prism 8.0.2 software. Continuous variables were

described as means ± standard deviations. Paired t-tests were used

to compare within-group changes before and after treatment. One-

way analysis of variance (ANOVA) or Wilcoxon rank-sum test was

used to compare changes before and after treatment. Categorical data

were described as frequencies (percentages). All statistical tests were

two-sided, and the statistical significance was P<0.05.
3 Results

3.1 Patient characteristics

Among 20 patients with SAA, the median age was 33.5 (3-74)

years, with 9 males and 11 females. 9 cases of abnormal liver

function (2 cases with concurrent liver and kidney function

damage), 6 cases of kidney function damage, 8 cases switched to

AVA treatment due to ineffective oral EPAG, including 1 case with

liver and kidney function damage, and 1 case ineffective with liver

and kidney function damage (Table 1).

The baseline neutrophil count was 0.81 (0.1-2.99) ×109/L, red

blood cell count was 1.06 (0.56-2.73) ×1012/L, reticulocyte

percentage was 1.7 (0.27-3.12) %, hemoglobin level was 59 (50-

115) g/L, and platelet count was 11 (0-58) ×109/L, ARC 31.99 (1.37-

60.6) ×109/L.
3.2 Efficacy

In total of 20 patients, 17 cases (85%) achieved trilineage

hematological response (HR): CR in three cases (15%), GPR in

four cases (20%), PR in ten cases (50%), and NR in three cases

(15%). Of these, 8 were male and 9 female, with a median age of 39.5

(3-74). The median time to response was 1.7 (0.5-6.9) months, with

16 cases (94%) achieving response within six months and 17 cases

(100%) within 12 months. Nine cases (50%) achieved transfusion

independence (Table 1).

After the AVA treatment, peripheral blood counts

were improved significantly in neutrophil count within

6 months (0.8 ×109/L vs 2.2 ×109/L, p=0.0003), platelet count

(11 ×109/L vs 39 ×109/L, p=0.0008), hemoglobin level (59g/L

vs 98g/L, p=0.0002), red blood cell count (1.06 ×1012/L vs

2.97 ×1012/L, p=0.001), and reticulocyte percentage (1.7%

vs 3.4%, p=0.036), absolute reticulocyte count (31.99 ×109/L vs

67.05×109/L p=0.0004) (Figure 1).
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Univariate and multivariate analyses revealed that age, gender,

medication duration, ANC, Hb, PLT, and RET showed no significant

influences on the response in patients using AVA, while ARC

significantly influenced the response in patients using AVA (Table 2).

In the 8 cases of ineffective EPAG, 6 cases (75%) achieved

hematological response (HR) after switching to AVA treatment,

including 2 cases (25%) with good partial response (GPR) and 4

cases (50%) with partial response (PR).

There was no statistically significant difference in overall

efficacy between patients conversion to AVA and 38 patients who

continued to use EPAG over the same period (85% vs 87%,

p=0.103) (Supplementary Table 2), suggesting that the efficacy of

patients who switched to AVA due to inefficacy or liver or kidney

impairment was comparable to that of patients who continued to

use EPAG (Table 3).
3.3 Safety

The median duration of AVA treatment was 6 (3-24) months. In

the 9 patients who were intolerant to previous EPAG treatment due
Frontiers in Immunology 04
to liver dysfunction, the liver function did not worsen after switching

to AVA treatment and showed significant improvement in the 6th

month after treatment (Figure 2A). ALT (151 VS 21) U/L (P=0.004),

TBIL (30 VS 12) mmol/L (P=0.0003), DBIL (15 VS 5) mmol/L

(P=0.003), and IBIL (14 VS 7) mmol/L (P=0.004) (Table 4). 8 cases

achieved hematological response (HR) (89%), including 2 with

complete response (CR) (22%) and 6 with partial response (PR)

(67%). Among the 6 patients with kidney damage, 3 had stage 3 eGFR

impairment and 3 had stage 2 eGFR impairment. After AVA therapy,

all eGFR levels improved to grade 1 without new adverse events

(Figure 2B). EGFR (58.7 VS 100.7) mL (/min-1.73m2) (P<0.0001)

(Table 4). All patients (100%) achieved HR, including two with CR

(33%), two with GPR (33%), and two with PR (33%).

The duration of the median follow-up was 34.5 (18-58) months.

During the AVA treatment, there were no patient death and no

grade 2 or higher adverse events were observed. No patients

developed bone marrow fibrosis, myelodysplastic syndrome

(MDS), acute myeloid leukemia (AML), or paroxysmal nocturnal

hemoglobinuria (PNH) clone transformation. In addition, the liver

and kidney functions remained within normal ranges with no

occurrence of thrombotic events.
TABLE 1 Patients clinical features.

Case Age
(years)

Gender Past
Treatment

Duration of EPAG
Therapy (months)

Reason for Switching Therapeutic
Effect

1 29 male ATG+CsA+EPAG 5 Liver damage, Kidney damage CR

2 49 female ATG+CsA+EPAG 3 Liver damage PR

3 10 male ATG+CsA+EPAG 9 Liver damage NR

4 24 female ATG+CsA+EPAG 3 Liver damage PR

5 16 male ATG+CsA+EPAG 5 Kidney damage CR

6 38 female ATG+CsA+EPAG 5 Invalid PR

7 74 male CsA+EPAG 6 Kidney damage PR

8 66 female ATG+CsA+EPAG 3 Liver damage, PR

9 42 female ATG+CsA+EPAG 14 Invalid,Liver damage,
Kidney damage

PR

10 15 male ATG+CsA+EPAG 9 Kidney damage GPR

11 11 male ATG+CsA+EPAG 10 Invalid PR

12 3 male ATG+CsA+EPAG 13 Invalid PR

13 48 female ATG+CsA+EPAG 6 Liver damage, PR

14 4 female ATG+CsA+EPAG 7 Invalid GPR

15 40 male ATG+CsA+EPAG 4 Invalid NR

16 3 female ATG+CsA+EPAG 4 Invalid NR

17 22 female ATG+CsA+EPAG 5 Invalid GPR

18 16 male ATG+CsA+EPAG 3 Liver damage, PR

19 61 male ATG+CsA+EPAG 5 Kidney damage GPR

20 41 female ATG+CsA+EPAG 4 Liver damage, CR
ATG, Anti-Thymocyte Globulin; CsA, Cyclosporine.
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4 Discussion

The prospective cohort study (8) and the randomized

controlled study (4) on the combination of IST and EPAG as

first-line treatment for SAA have shown that EPAG can accelerate

hematologic response, effectively improving the quality of

hematologic response and increasing the overall response rate in

patients. EPAG can inhibit UDP-glucuronosyltransferase 1A1

(UGT1A1) and Organic Anion Transporting Polypeptide 1B1

(OATP1B1), resulting in elevated levels of indirect bilirubin.

Common adverse reactions include a mild to moderate increase

in serum indirect bilirubin without the need for dosage adjustment,

an 18% incidence of grade 3-4 ALT elevation, an 18% incidence of

TBIL elevation, and a 12% incidence of AST elevation. Some

patients may require dose reduction or temporary discontinuation

of EPAG (20). In Phase II clinical trials for the treatment of
Frontiers in Immunology 05
refractory SAA, some patients also exhibited significant elevation

in transaminase levels.

Liver decompensation, mainly ascites and liver encephalopathy,

was seen at higher rates in the EPAG group compared with the

placebo group (10 vs 5%) (21). Another randomized, placebo-

controlled trial with planned enrollment of 500 patients was

terminated early due to an increased incidence of thrombotic

events among EPAG treated patients (22).

In two placebo-controlled Phase III studies conducted in

pediatric chronic ITP patients, 4.7% of patients in the EPAG

group and 0% of patients in the placebo group reported ALT

levels ≥3 times the upper limit of normal (ULN) as adverse

events (11).

Following a single oral dose of 50mg EPAG, the area under the

plasma concentration-time curve (AUC inf) of EPAG decreased by

32% in patients with mild kidney impairment, 36% in patients with
A B

D E F

C

FIGURE 1

Hematologic improvements in SAA who received AVA: (A) Absolute neutrophil count (0.8×109/L vs 2.2 ×109/L,p=0.0003); (B) Hemoglobin (59 g/L vs
98 g/L, p=0.0002); (C) Blood platelet count (11×109/L vs 39 ×109/L, p=0.0008); (D) Red blood cell count (1.06 ×1012/L vs 2.97 ×1012/L, p=0.001);
(E) Reticulocyte percentage (1.7% vs 3.4%, p=0.036); (F) Absolute reticulocyte count (31.99 ×109/L vs 67.05×109/L p=0.0004).
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moderate kidney impairment, and 60% in patients with severe

kidney impairment. Due to a decreasing trend shown by the

exposure to EPAG in patients with kidney impairment, a close

monitoring of kidney function, such as measuring serum creatinine

and/or urine analysis, is required for patients with kidney
Frontiers in Immunology 06
impairment (11). EPAG should be used with caution in patients

with kidney impairment.

SAA patients often require long-term use of CsA, which has

toxic effects on the kidneys and liver. CsA causes kidney

vasoconstriction, increased vascular resistance, decreased kidney
A B

FIGURE 2

Changes of liver and kidney function indicators during AVA treatment. Liver function was evaluated by alanine aminotransferase (ALT) and total
bilirubin (TBil) level in the patients’ serum (A). kidney function was evaluated by estimated glomerular filtration rate (eGFR) (B). Data are shown as
Mean ± SEM. *p<0.05; **p<0.01; ***p<0.001.
TABLE 2 Factors related to the efficacy response of AVA therapy with
univariate and multivariate analysis.

Category
and variable

P value

Univariate Multivariate

Age 0.273 0.330

Gender 0.556 0.825

Medication duration 0.788 0.576

ANC (×109/L) 0.258 0.199

Hb (g/L) 0.973 0.820

PLT (×109/L) 0.847 0.897

RET (%) 0.181 0.125

ARC (×109/L) 0.023 0.029
ANC, absolute neutrophil count; Hb, Hemoglobin count; PLT, blood platelet count; RET
Reticulocyte percentage; ARC, absolute reticulocyte count.
TABLE 3 Comparison between patients that switched to Avatrombopag
and patients that continued Eltrombopag treatment.

AVA
group (n=20)

EGAP
group (n=38)

P

Age (years,
median, range)

33.5 (3~74) 36.2 (18-74) 0.928

Gender
(male/female)

9/11 17/22 0.658

Severity of aplastic anemia, n (%)

Severe
Very severe

19
1

29
9

0.097

Percentage of patients

HR 17 (85%) 33 (87%) 0.103

Median follow-
up time

34.5 (18-58) 39 (15-65) 0.956
frontier
AVA, Avatrombopag; EGAP, Eltrombopag; HR, hematological response.
TABLE 4 Changes in liver and kidney function indicators before and after treatment with AVA.

Time
points

ALT
(U/L)

AST
(U/L)

ALP
(mmol/L)

GGT
(mmol/L)

TBIL
(mmol/L)

DBIL
(mmol/L)

IBIL
(mmol/L)

eGFR

Before AVA 151
(19 -367)

146
(18-420)

106 (44-186) 73 (13-239) 30 (8-41) 15 (4-29) 14 (4-24) 58.7 (53.9-68)

After AVA 21 (11-41) 18 (12-25) 69 (46-86) 21 (9-35) 12 (7-16) 5 (2-8) 7 (5-8) 100.7
(95-105.8)

T or Z value 2.25 1.95 1.6 1.62 3.8 2.5 2.3 13.2

P value 0.004 0.08 0.14 0.13 0.003 0.03 0.04 <0.0001
ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, Alkaline phosphatase; GGT, Gamma-glutamyltransferase; TBIL, Total bilirubin; DBIL, Direct bilirubin; IBIL,
Indirect bilirubin.
sin.org
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blood flow, and reduced glomerular filtration (23). The liver is the

primary site of CsA metabolism, hence when liver function is

abnormal, particularly in cases of moderate to severe impairment,

the activity of CYP3A (Cytochrome P450IIIA enzymes) and bile

secretion are affected, thus impacting the absorption and

metabolism of CsA. Klintmalm et al. (24) reported CsA-induced

hepatotoxicity, with 13 out of 66 patients (19.7%) experiencing liver

function abnormalities and at least one episode of hepatotoxicity,

which is defined as a bilirubin level exceeding 2.0mg/100ml

(34.2mmol/L) or unconjugated bilirubin accounting for 50% of

the elevation. Half of the 13 patients had levels of AST and ALT

three times higher than normal values.

AVA is metabolized in the liver via cytochrome P450 enzymes

(CYP2C9 and CYP3A4), with 88% undergoing intestinal

metabolism (with 34% remaining unmetabolized) and 6%

undergoing kidney metabolism (12). Age (18-86 years), body

weight, gender, race, and any degree of liver damage or mild to

moderate kidney impairment (creatinine clearance ≥30 mL/min) do

not affect the pharmacodynamics of AVA, and AVA can be used in

patients with kidney insufficiency. Two phase III studies (ADAPT-1

and ADAPT-2) evaluated the safety and efficacy of AVA in

increasing platelet counts in patients with chronic liver disease

(CLD) and thrombocytopenia (25). Regardless of whether patients

received a daily dose of 60mg AVA or 40mg AVA, most adverse

events (AEs) were mild to moderate in severity. The most

commonly observed treatment-emergent adverse events (TEAEs),

including abdominal pain, diarrhea, dyspepsia, nausea, fever,

dizziness, and headache, were similar between the AVA and

placebo groups, and no liver or kidney function damage caused

by AVA was observed.

Considering the efficacy of AVA in chronic ITP and its lack of

significant liver and kidney toxicity, we attempted to use AVA in

SAA patients who were intolerant to EPAG treatment. In this study,

nine SAA patients with liver function abnormalities showed gradual

normalization of liver function after switching to AVA treatment.

Six patients with kidney impairment achieved improved estimated

glomerular filtration rate (eGFR) after AVA treatment, without any

adverse events. In this study, at the last follow-up, the longest user

had been using AVA for 24 months, and no abnormalities were

detected in liver and kidney function indicators.

The pharmacokinetics of EPAG exhibit dose-dependency and

linearity, with EPAG increasing platelet count in a dose-dependent

manner (26, 27). The hematologic response in patients with aplastic

anemia (AA) is also dose-related (28). However, EPAG often induces

hepatotoxicity at higher doses, requiring co-administration with CsA,

which has hepatokidney toxicity, in the treatment of SAA. This

limitation restricts the full dosage and duration of EPAG therapy (29,

30). In vitro studies have shown that TPO-RAs stimulate proliferation

of Ba/F3 cells expressing human c-MPL in a concentration-

dependent manner, promoting differentiation of human cord blood

CD34+ cells into megakaryocytes. The 50% effective concentration

(EC50) of AVA is 3.65-6.84 times higher than EPAG, indicating that

AVA is significantly more potent (15). AVA has minimal impact on

liver and kidney function, allowing for adequate dosing, which may
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lead to better clinical efficacy. Ultimately, 70% of patients who were

unresponsive to EPAG showed neutrophil, red blood cell, or platelet

responses to AVA, suggesting differences in drug metabolism and

efficacy between different molecular structures of EPAG and AVA.

However, whether cross-tolerance exists between these drugs remains

to be elucidated.

While EGAP treatment for AA may carry the risk of clonal

evolution and bone marrow fibrosis (31), it remains uncertain

whether AVA, which acts through similar mechanisms, poses the

same risks. In this study, all 20 patients had normal karyotype

before treatment, and no clonal evolution or bone marrow fibrosis

has been observed thus far. However, the duration of the follow-up

period remains limited, and further observation is required.

Zaimoku Y and Li R et al. indicated that the addition of EPAG

to IST markedly improved responses in patients who had a higher

ARC (32, 33). ARC could help clinically assess bone marrow

function since the robust recovery of ARC following IST could

predict long-term survival (33). In our study, ARC also showed

significance in both univariate and multivariate analyses, and a

subsequent increase in sample size is needed to verify its

relationship with the efficacy of AVA treatment.

Preliminary results suggest that AVA has some efficacy in

patients with SAA who are difficult to treat or intolerant to

standard IST combined with EPAG and good tolerability.

However, both the sample size and the follow-up period of the

study are limited, necessitating long-term follow-up to evaluate

long-term efficacy, risk of clonal evolution, and other factors.
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aplastic anemia: a prospetive multicenter study. Haematologica. (2008) 93:518–23.
doi: 10.3324/haematol.12020

2. Frickhofen N, Heimpel H, Kaltwasser JP, Schrezenmeier HGerman Aplastic
Anemia Study G. Antithymocyte globulin with or without cyclosporin A: 11-year
follow-up of a randomized trial comparing treatments of aplastic anemia. Blood. (2003)
101:1236–42. doi: 10.1182/blood-2002-04-1134

3. Erickson- Miller CL, Delorme E, Tian SS, Tian SS, Hopson CB, Landis AJ, et al.
Preclinical activity of Eltrombopag (SB- 497115), an oral, nonpeptide thrombopoietin
receptor agonist. Stem Cells. (2009) 27:424–30. doi: 10.1634/stemcells.2008-0366

4. Alvarado LJ, Huntsman HD, Cheng H, Townsley DM, Winkler T, Feng X, et al.
Eltrombopag maintains human hematopoietic stem and progenitor cells under
inflammatory conditions mediated by IFN-g. Blood. (2019) 133:2043–55.
doi: 10.1182/blood-2018-11-884486

5. Quintino de Oliveira B, Catto LFB, Santana BAA, Tellechea MF, Scheucher PS,
Scheinberg P, et al. Eltrombopag preferentially expands haematopoietic multipotent
progenitors in human aplastic anaemia. Br J Haematol. (2021) 193:410–4. doi: 10.1111/
bjh.17140

6. Guenther KL, Cheruku PS, Cash A, Smith RH, Alvarado LJ, Burkett S, et al.
Eltrombopag promotes DNA repair in human hematopoietic stem and progenitor cells.
Exp Hematol. (2019) 73:1–6. doi: 10.1016/j.exphem.2019.03.002

7. Vlachodimitropoulou E, Chen YL, Garbowski M, Koonyosying P, Psaila B, Sola-
Visner M, et al. Eltrombopag: a powerful chelator of cellular or extracellular iron (III)
alone or combined with a second chelator. Blood. (2017) 130:1923–33. doi: 10.1182/
blood-2016-10-740241

8. Townsley DM, Scheinberg P, Winkler T, Desmond R, Dumitriu B, Rios O, et al.
Eltrombopag added to standard immunosuppression for aplastic anemia. N Engl J Med.
(2017) 376:1540–50. doi: 10.1056/NEJMoa1613878

9. Jin Y, Li R, Lin S, Jia J, Yang Y, Zhang D, et al. A real-word experience of
eltrombopag plus rabbit antithymocyte immunoglobulin-based IST in Chinese patients
with severe aplastic anemia. Annal Hematol. (2022) 101:11:2413–2419. doi: 10.1007/
s00277-022-04966-w

10. Li R, Wang N, Chai X, Yang L, Liu K, He H, et al. Prolonged use of eltrombopag
in patients with severe aplastic anemia in the real world. Clin Exp Med. (2023) 23
(6):2619–27. doi: 10.1007/s10238-023-00989-3
11. FDA. PROMACTA® (eltrombopag) tablets, for oral use [EB/OL]. (2021-10)
[2022-07-30]. Available online at: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2022/022291s033.

12. Nomoto M, Zamora CA, Schuck E, Boyd P, Chang MK, Aluri J, et al.
Pharmacokinetic/pharmacodynamic drug-drug interactions of avatrombopag when
coadministered with dual or selective CYP2C9 and CYP3A interacting drugs. Br J Clin
Pharmacol. (2018) 84:952–60. doi: 10.1111/bcp.13517

13. FDA. DOPTELET® (avatrombopag) tablets, for oral use [EB/OL]. (2021-06)
[2022-07-25]. Available online at: https://www.accessdata.fda.gov/drugsatfda_docs/
label/2021/210238s006lbl.pdf.

14. Fukushima-Shintani M, Suzuki K, Iwatsuki Y, AbeM, Sugasawa K, Hirayama F, et al.
AKR-501 (YM477) in combination with thrombopoietin enhances human
megakaryocytopoiesis. Exp Hematol. (2008) 36:1337–42. doi: 10.1016/j.exphem.2008.04.020

15. Kuter DJ. The structure, function, and clinical use of the thrombopoietin
receptor. Blood Rev. (2022) 53:100909. doi: 10.1016/j.blre.2021.100909

16. Killick SB, Bown N, Cavenagh J, Dokal I, Foukaneli T, Hill A, et al. Guidelines for
the diagnosis and management of adult aplastic anaemia. Br J Haematol. (2016)
172:187–207. doi: 10.1111/bjh.13853

17. National Kidney Foundation. K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and Stratification. Am J Kidney Dis. (2002) 39:
S1–266.

18. Stevens LA, Coresh J, Greene T, Levey AS. Assessing Kidney Function —
Measured and estimated glomerular filtration rate. N Engl J Med. (2006) 354:2473–83.
doi: 10.1056/NEJMra054415

19. Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. National
Kidney Foundation Practice Guidelines for chronic kidney disease: evaluation,
classification, and stratification. Ann Int Med. (2003) 139:137. doi: 10.7326/0003-
4819-139-2-200307150-00013

20. Peffault de Latour R, Kulasekararaj A, Iacobelli S, Terwel SR, Cook R, Griffin M,
et al. Eltrombopag added to immunosuppression in severe aplastic anemia. N Engl J
Med. (2022) 386:11–23. doi: 10.1056/NEJMoa2109965

21. Afdhal NH, Dusheiko GM, Giannini EG, Chen PJ, Han KH, Mohsin A, et al.
Eltrombopag increases platelet numbers in thrombocytopenic patients with HCV
infection and cirrhosis, allowing for effective antiviral therapy. Gastroenterology.
(2014) 146:442–52.e1. doi: 10.1053/j.gastro.2013.10.012
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1393829/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1393829/full#supplementary-material
https://doi.org/10.3324/haematol.12020
https://doi.org/10.1182/blood-2002-04-1134
https://doi.org/10.1634/stemcells.2008-0366
https://doi.org/10.1182/blood-2018-11-884486
https://doi.org/10.1111/bjh.17140
https://doi.org/10.1111/bjh.17140
https://doi.org/10.1016/j.exphem.2019.03.002
https://doi.org/10.1182/blood-2016-10-740241
https://doi.org/10.1182/blood-2016-10-740241
https://doi.org/10.1056/NEJMoa1613878
https://doi.org/10.1007/s00277-022-04966-w
https://doi.org/10.1007/s00277-022-04966-w
https://doi.org/10.1007/s10238-023-00989-3
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/022291s033
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/022291s033
https://doi.org/10.1111/bcp.13517
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/210238s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2021/210238s006lbl.pdf
https://doi.org/10.1016/j.exphem.2008.04.020
https://doi.org/10.1016/j.blre.2021.100909
https://doi.org/10.1111/bjh.13853
https://doi.org/10.1056/NEJMra054415
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.1056/NEJMoa2109965
https://doi.org/10.1053/j.gastro.2013.10.012
https://doi.org/10.3389/fimmu.2024.1393829
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Zhang et al. 10.3389/fimmu.2024.1393829
22. Afdhal NH, Giannini EG, Tayyab G. et al; ELEVATE Study Group Eltrombopag
before procedures in patients with cirrhosis and thrombocytopenia. N Engl J Med.
(2012) 367:716–24. doi: 10.1056/NEJMoa1110709

23. Castello L, Sainaghi PP, Bergamasco L, Letizia C, Bartoli E. Pathways of
glomerular toxicity of cyclosporine-A: an “in vitro” study. J Physiol Pharmacol.
(2005) 56:649–60.

24. Klintmalm GB, Iwatsuki S, Starzl TE. Cyclosporine A hepatotoxicity in 66 renal
allograftrecipients. Transplantation. (1981) 32:488–9. doi: 10.1097/00007890-
198112000-00007

25. Terrault N, Chen YC, Izumi N, Kayali Z, Mitrut P, Tak WY, et al. Avatrombopag
before proceduresreduces need for platelet transfusion in patients withchronic liver
disease and thrombocytopenia. Gastroenterology. (2018) 155:705–18. doi: 10.1053/
j.gastro.2018.05.025

26. Julian MJ, D aphne W, Yanli D, Joanne U, Valerie K, David C, et al. Phase 1
clinical study of eltrombopag, an oral, nonpeptide thrombopoietin receptor agonist.
Blood. (2007) 109:4739–41. doi: 10.1182/blood-2006-11-057968

27. Shida Y, Takahashi N, Nohda S, Hirama T. Pharmacokinetics and
pharmacodynamics of eltrombopag in healthy Japanese males. Jpn J Clin Pharmacol
Ther. (2011) 42:11–20. doi: 10.3999/jscpt.42.11
Frontiers in Immunology 09
28. Gill H, Leung GMK, Lopes D, Kwong YL. The thrombopoietin mimetics
eltrombopag and romiplostim in the treatment of refrac-tory aplastic anaemia. Br J
Haematol. (2017) 176:984–99. doi: 10.1111/bjh.14024

29. Saleh MN, Bussel JB, Cheng G, Meyer O, Bailey CK, Arning M, et al. Safety and
efficacy of eltrombopag for treatment of chronic immune thrombocytopenia: results of
the long-term, open-label EXTEND study. Blood. (2013) 121:537–45. doi: 10.1182/
blood-2012-04-425512

30. Fattizzo B, Cavallaro F, Milesi G, Barcellini W. Iron mobilization in a real life
cohort of aplastic anemia patients treated with eltrombopag. Am J Hematol. (2019) 94:
E237–9. doi: 10.1002/ajh.25550

31. Ghanima W, Cooper N, Rodeghiero F, Godeau B, Bussel JB. Thrombopoietin
receptor agonists: ten years later. Haematologica. (2019) 104:1112–23. doi: 10.3324/
haematol.2018.212845

32. Zaimoku Y, Patel BA, Shalhoub R, Groarke EM, Feng X, Wu CO, et al. Predicting
re- sponse of severe aplastic anemia to immunosuppres- sion combined with
eltrombopag. Haematologica. (2022) 107:126–33. doi: 10.3324/haematol.2021.278413

33. Li R, Zhou J, Liu Z, Chen X, Long Q, Yang Y, et al. Predicting response of severe
aplastic anemia to rabbit-antithymocyte immunoglobulin based immunosuppressive
therapy combined with eltrombopag. Front Immunol. (2022) 13:884312. doi: 10.3389/
fimmu.2022.884312
frontiersin.org

https://doi.org/10.1056/NEJMoa1110709
https://doi.org/10.1097/00007890-198112000-00007
https://doi.org/10.1097/00007890-198112000-00007
https://doi.org/10.1053/j.gastro.2018.05.025
https://doi.org/10.1053/j.gastro.2018.05.025
https://doi.org/10.1182/blood-2006-11-057968
https://doi.org/10.3999/jscpt.42.11
https://doi.org/10.1111/bjh.14024
https://doi.org/10.1182/blood-2012-04-425512
https://doi.org/10.1182/blood-2012-04-425512
https://doi.org/10.1002/ajh.25550
https://doi.org/10.3324/haematol.2018.212845
https://doi.org/10.3324/haematol.2018.212845
https://doi.org/10.3324/haematol.2021.278413
https://doi.org/10.3389/fimmu.2022.884312
https://doi.org/10.3389/fimmu.2022.884312
https://doi.org/10.3389/fimmu.2024.1393829
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Avatrombopag as alternative therapy for severe aplastic anemia patients who are intolerant or unresponsive to eltrombopag
	1 Introduction
	2 Materials and methods
	2.1 Study population and methods
	2.1.1 Patients
	2.1.2 Treatment protocol
	2.1.3 Treatment evaluation criteria response and safety
	2.1.4 Statistical analysis


	3 Results
	3.1 Patient characteristics
	3.2 Efficacy
	3.3 Safety

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


