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ABSTRACT

Introduction: The therapeutic options for thrombocytopenia in non-severe aplastic anaemia
(NSAA) are limited. Avatrombopag (AVA) is prescribed for thrombocytopenic diseases but not for
NSAA.

Methods: Herein, we conducted a phase 2, non-randomized, single-arm trial to explore the
efficacy and safety of AVA in refractory/relapsed/intolerant NSAA. AVA dose was initiated at
20mg/d and titrated to a maximum of 60mg/d. The primary endpoint was the haematological
response at 3months.

Results: Twenty-five patients were analyzed. The overall response rate (ORR) at 3months was 56%
(14/25), with 12% (3/25) achieving a complete response (CR). At a median follow-up of 7 (3-10)
months, the OR and CR rates were 52% and 20%, respectively. Responders had a shorter duration
of diagnosis of AVA administration than non-responders (10 (6-80) vs 37 (6-480) months, p=0.027)
and belonged to the relapsed/intolerant NSAA type (71% vs 27%, p=0.047); 44% (8/18) patients
previously treated with eltrombopag before enrollment responded at 3months, with an average
prior eltrombopag dose of median 72.5 (50-100) mg/d and an average AVA dose for a response
of median 43.5 (20-60) mg/d. 3-month ORR had no significant correlation with eltrombopag
exposure (p=0.09), prior eltrombopag length (R?=0.11), or cumulative eltrombopag dose (R?=0.30).
Only one patient relapsed after stopping AVA for 1 month. No serious AVA-related side effects or
clone evolution were detected.

Conclusion: AVA is effective and well-tolerated in NSAA patients who are refractory, relapsed, or
intolerant to CsA/tacrolimus+eltrombopag. Earlier treatment and relapsed/intolerant AA may
show a better short-term response rate. More studies are needed to define the optimal dose and
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the long-term efficacy (NCT04728789).

Introduction

Aplastic anaemia (AA) is a disease that occurs as a
result of insufficient hemopoiesis. This condition is
characterized by low cellularity of bone marrow (BM)
and peripheral cytopenia of three cell lineages [1]. As
the severity of AA varies among patients, different
management approaches are required for different
patients. Non-severe aplastic anemia (NSAA) is not
uncommon [2-4], and has a substantial prevalence in
China [5]. Immunosuppressive therapies (IST),
anti-thymocyte globulin (ATG) plus cyclosporine A

(CsA), are the front-line therapies for transfusion-
dependent NSAA (TD-NSAA) with a response rate of
74% [6,7]. However, in China, most NSAA patients
receive only CsA, either due to the high costs of ATG
or the difficulties associated with hospital admission
[5]. Eltrombopag (EPAG) has been proven to be effec-
tive against severe AA or very severe AA and is now
recommended as a front-line therapy combined with
standard IST [8]. With the widespread use of EPAG as
the second-line therapy for AA, the overall response
rates (ORRs) are between 40 to 80% in real-world set-
tings [9-11]. A recent clinical trial for EPAG showed
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improved cell lineages in 50% of the patients with
moderate AA or hypo-productive uni-lineage cytope-
nia [12]. However, for patients for whom EPAG treat-
ment failed, the options for the management of
thrombocytopenia, an early symptom of NSAA, are
limited.

At the time of this study, only two thrombopoietin
receptor agonists (TPO-RAs), i.e. EPAG and avatrom-
bopag (AVA) were launched in China. AVA was first
approved in May 2018 by the Food and Drug
Administration for the treatment of thrombocytopenia
with chronic liver disease (CLD) [13]. Importantly, AVA
has a function similar to that of thrombopoietin (TPO)
but does not compete with TPO to activate the devel-
opment of megakaryocytes [14]. AVA synergizes with
TPO to stimulate platelet (PLT) production [15-17]. This
novel TPO-RA effectively increases PLT in a
dose-dependent manner and is more efficient than
other TPO-RAs owing to the fact that it is associated
with a lower risk of hepatotoxicity, fewer side effects,
easy oral formulations, and no relevant interactions
with food [18-21]. Unlike the well-described use of
EPAG for AA, little is known about the use of AVA for
AA, although it has similar effects as EPAG on throm-
bocytopenia. Several clinical trials have shown the
advantage of AVA as compared to other TPO-RAs for
some thrombocytopenic diseases like primary immune
thrombocytopenia (ITP), not only in terms of quick
response but also good tolerance [22,23]. As a TPO-RA
with a distinct molecular structure, AVA may show sim-
ilar effects to EPAG or possibly benefit EPAG refractory
patients, like in ITP cases as reported previously [24].
However, there has been no report on AA so far. The
efficacy of other TPO-RAs like AVA in the context of
EPAG-treated NSAA remains unclear. Therefore, we
aimed to explore the efficacy of AVA after the failure
of EPAG or IST. Herein, we initiated a clinical trial to
treat refractory/relapsed/intolerant AA patients with
AVA and reported the efficacy and safety in the
short term.

Methods

This trial was a phase 2, non-randomized, single-arm
study in patients with NSAA, with refractory or relapsed
severe thrombocytopenia, at Peking Union Medical
College Hospital from January 2021 to November
2021. This prospective study was approved by the eth-
ics committee of Peking Union Medical College
Hospital (PUMCH, approval number: SKX-NSAA-001)
and registered at clinicaltrial.gov (NCT04728789) on 28
January 2021. All the eligible patients were fully
informed of the study design and signed written

informed consents for their participation. Patients
could request and withdraw at any time during
the trial.

Patients

Eligible patients were 18-75-year-old adults diagnosed
with NSAA according to the previously described crite-
ria [6], with refractory/relapsed/intolerant to the stan-
dard dose of CsA (3-5mg/kg to reach the target
plasma concentration of 100-200ng/mL) or tacrolimus
(FK506, started at 1mg twice a day and maintained
the plasma concentration of 4-10ng/mL) with/without
EPAG (started at 50mg once a day, increased at
25mg/d every bi-week if not responded to a maxi-
mum of 150mg/d). NSAA patients were those with
confirmed AA but who did not meet the criteria of
severe AA or very-severe AA according to the guide-
lines [6]. Refractory/relapsed patients were defined as
those who did not respond or relapse after at least six
months of previous treatment. Intolerant patients were
defined as those who could not tolerate CsA or EPAG
and were administered second-line therapies due to
significant side effects. FK506 was used to substitute
CsA in a few cases due to its association with severe
gastrointestinal effects or gingival hyperplasia. A com-
plete workup in patients was performed to confirm
the diagnosis of AA, especially to exclude inherited BM
failure syndromes among young patients and myelo-
dysplastic syndromes (MDS) among the elderly before
enrollment. All patients showed at least persistent or
relapsed thrombocytopenia, defined as PLT < 30x 10%/L.
The main exclusion criteria were (1) congenital AA
such as Fanconi anaemia; (2) presence of abnormal
chromosome before AVA, eg. —7/del(7q), complex
cytogenetics, +8, del (13q); (3) evidence of other hae-
matological BM disorders, for example, acute myeloid
leukaemia (AML) or MDS; (4) paroxysmal nocturnal
hemoglobinuria (PNH) clone =50%; (5) expected sur-
vival time <6 months; (6) pregnant or lactating females;
(7) presence of active infections and hepatitis; (8)
baseline creatine levels greater than twice the normal
age-dependent maximum; (9) history of haematologi-
cal stem cell transplantation; (10) prior attendance in
other clinical trials within the last 6 months; (11) his-
tory of thromboembolic events, like acute coronary
syndrome or stroke, and (12) use of ATG within
6 months before enrollment. Considering the inaccessi-
bility and unaffordability of ATG in China, we also
included patients who never used ATG if they fulfilled
the above criteria. EPAG was stopped if there was no
response for >3 months with at least 100mg once a
day. It had to be stopped at least 6 months before



enrollment. Patients with significantly high baseline
ferritin were carefully excluded for hemophagocytic
lymphohistiocytosis (HLH) according to HLH-2004(25)
and HScore [25,26] before enrollment.

Intervention

AVA was initiated at 20mg/d and increased by 20mg/d
during the bi-weekly follow-up if PLT was not 20x 10°%/L
higher than baseline. AVA dose was gradually reduced
if PLT =150x10%L. The maximum dose was 60mg/d,
while the minimum was 20 mg/week. No other TPO-RAs
were allowed during the experimental time. During
the experimental period, CsA or FK506 was continued
at a stable dose during the AVA treatment, else, they
were stopped for at least 6 months before AVA admin-
istration. Iron chelation therapy with deferasirox was
allowed if Fer was higher than 1000 ng/mL. Transfusions
were allowed for supportive care accordingly [6].

Endpoints

The primary endpoint was the haematological response
at 3months, which presented as the overall response
rate (ORR), including complete response (CR) and par-
tial response (PR). CR was defined as PLT >100x 10%/L,
haemoglobin (HGB) >w120g/L for males (110g/L for
females), and neutrophils (NEU) > 1.5x10%L [6]. PR
was any response observed in PLT, HGB, NEU, or
defined as any of the following: double the baseline
count, back to the normal count of one or two cell
lines, and an increase in 20x10%L in PLT if baseline
<20x10%L, or 30g/L in HGB if initially, it was <60g/L,
or 0.5x10%L in NEU if initially, it was <0.5x 10%/L [6,8].
For transfusion-dependent patients, transfusion inde-
pendence for consecutive 8 weeks was also regarded
as PR [6,8]. Effectiveness was evaluated among patients
at 3months. Responders continued AVA for an addi-
tional three months to stabilize the response if PLT
<150x10°%L and then reduced by 20mg/d every
month. Non-responders at 3 months were re-evaluated;
patients who progressed into severe or very severe AA
and/or were experiencing life-risk events were not rec-
ommended to continue AVA. Otherwise stable NSAA
(not progressed) patients continued AVA and were
re-assessed at 6 months. Adverse events were graded
according to the fifth version of the Common
Terminology Criteria for Adverse Events (CTCAE 5.0)
[27]. Secondary endpoints were ORRs at 1, 2, and
6months and cumulative AVA dose at 1, 2, 3, and
6 months. The trial outcomes followed primary goals
without change.
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Statistical analysis

We followed the two-stage “minimax” design method
described previously [28]. Thus, the null and alterna-
tive hypotheses were a response probability of <10%
and =>30%, respectively. The sample size was deter-
mined at 25 patients to test the null versus alternative
hypothesis when the significance level and power
were set at 0.05 and 80%, respectively. The null
hypothesis could not be rejected if the number of
responders at 3months was 5 or less. Descriptive or
continuous variables were presented as percentages or
medians with range, respectively. The dose of AVA was
referred to as the cumulative AVA dose defined as the
sum of the daily doses times the respective days. ORR
was the sum total of CR and PR. Responders and
non-responders were compared by Fisher’s exact test
or Kruskal-Wallis test. A significant difference was con-
sidered at p<0.05. All statistical analyses were per-
formed using R version x64 3.6.3 for Windows.

Results
Baseline characteristics

From January 2021 to November 2021, 30 patients
were assessed and 1 was excluded because of devel-
oping secondary MDS from AA at enrollment. Twenty
nine eligible patients were enrolled and treated with
AVA, whose baseline characteristics are presented in
Table 1 and detailed in Table S1. Four patients were
treated with AVA for less than two months, either due
to loss during follow-up (n=3) or withdrawal of con-
sent (n=1) (Figure 1). A total of 25 patients who were
treated with AVA for at least 3months were included
in the final analysis. Table 1 also summarizes the indi-
vidual baseline characteristics of these 25 patients.
Collectively, there were 13 males and 12 females with
a median age of 51 (20-75) years. The median dura-
tion from diagnosis to AVA treatment was 19 (6-480)
months. At the baseline before AVA treatment, the
median PLT was 16 (1-30) x10°/L; HGB was 94 (41-
166) g/L; WBC was 2.95 (1.41-8.01) x10°/L; NEU was
1.48 (0.39-4.86) x10°%/L, and reticulocyte (RET) was 43.5
(18.9-71.3) x10%L. Twelve patients had pancytopenia;
9 had bi-lineage cytopenia, and the remaining 4 had
thrombocytopenia. The median alanine aminotransfer-
ase (ALT) was 11 (4-447) U/L; the median total biliru-
bin (TBil) was 11.6 (5.0-30.6) pmol/L; the median
creatine (Cr) was 80 (41-135) umol/L, and the median
ferritin was 547 (23-37,149) ng/mL. Patients were care-
fully excluded from HLH. Only 3 patients had 21%
PNH clone (1-4%). The median BM cellularity was 28
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Table 1. Baseline characteristics of the intent-to-treat (n=29)
and the evaluable patients (n=25).

Baseline, number or median

(range) Intent-to-treat Evaluable
Sex 29 25
Male 14 13
Female 15 12
Age of enrolment, years 49 (20-75) 51 (20-75)
The median duration from dx 21 (6-480) 19 (6-480)
to AVA, months
Type of aplastic anaemia
relapsed/intolerant 13 13
refractory 16 12
Lineage number of cytopenia
Cytopenia = 1 4 4
Cytopenia = 2 10 9
Cytopenia = 3 15 12
PLT, x109/L 14 (1-30) 16 (1-30)
HGB, g/L 89 (41-166) 94 (41-166)
WBC, x109/L 3.04 (1.41-8.01) 2.95 (1.41-8.01)
ANC, x109/L 1.42 (0.39-4.86) 1.48 (0.39-4.86)
RET, x109/L 39.4 (12.6-71.3) 435 (18.9-71.3)
ALT, U/L 11 (4-447) 11 (4-447)
Thil, pmol/L 10.4 (5-30.6) 11.6 (5-30.6)
Cr, umol/L 80 (41-135) 80 (41-135)
Fer, ng/mL 547 (23-37,149) 547 (23-37,149)
PNH = 1% 3 3
BM cellularity, % 26 (8-39) 28 (8-39)
Length of EPAG treatment, 8 (1-36) 8 (1-36)

months*
Average EPAG dose, mg/d

75 (22.9-100)

72.5 (25-100)

Cumulative EPAG dose, mg 19,500 19,500
(750-57,750) (750-54,000)
Prior CsA/FK506, months 8 (4-129) 6 (4-129)

*7 did not expose to EPAG.

AVA: avatrombopag; dx: diagnosis; EPAG: eltrombopag; CsA: cyclosporin A;
FK506: tacrolimus; PLT: platelets; HGB: hemoglobin; ANC: absolute neutro-
phil count; WBC: white blood cells; RET: reticulocyte; ALT: alanine amino-
transferase; TBil: total bilirubin; Cr: creatine; Fer: ferritin; PNH: paroxysmal
nocturnal hemoglobinuria; BM: bone marrow.

(8-39) %. No abnormal karyotype at baseline was
detected. No MDS-related gene mutations were found
among the tested patients. 13 patients relapsed (n=8)
or were intolerant (n=5) and another 12 were refrac-
tory to prior therapies. Previous treatments included
CsA/FK506 (n=25) for a median duration of 6 (4-129)
months and EPAG (n=18) for a median of 8 (1-36)
months at 72.5 (25-100) mg/d. Sixteen had previous
CsA for less than 12months and 9 for at least
12months. None of them were treated with ATG before
enrollment.

Adverse events

13 adverse events (AE) were recorded in 11 patients
among all the enrolled 29 cases (38%), including 2
with grade 2 and 11 of grade 1 AEs. The grade 2
events were liver dysfunctions that occurred in 2
patients concomitantly treated with CsA/FK506 and
returned to normal range after reducing CsA/FK506
dosage. Ten AEs occurred in 9 patients concomitantly
treated with CsA/FK506, including grade 1 elevated

transaminase or bilirubin in 8 patients and grade 1
increased creatine in 2 patients, which were alleviated
by dose regulation or observation alone. Among those
treated with AVA alone (n=3), 33% (1/3) of patients
reported grade 1 nausea which was relieved after
reducing the dose. There was no treatment-related
death, drug-related withdrawal, or clone evolution at
the end of follow-up.

Four patients had increased ALT at baseline, one
with a slight (46U/L) and 3 with an overt increase
(118-447U/L). Normal ALT levels were restored within
1 or 2months after AVA. Three patients showed
increased baseline TBil (25.4-30.6 umol/L). In 1 patient,
the levels returned to normal after one month of AVA,
while in the other 2, the same level as the baseline
was maintained.

Responses

Twenty-five patients who were treated with AVA for at
least 3months were analyzed for responses (not includ-
ing four patients treated for less than two months). A
total of 23 patients were treated with CsA/FK506+ AVA,
while only 2 underwent AVA monotherapy. The median
time of AVA exposure was 5 (3-10) months and the
median dose of AVA was 5400 (2400-14,400) mg. At 1,
2, and 3 months, the ORR was 24% (6/25), 48% (12/25),
and 56% (14/25), with 4% (1/25), 4% (1/25), and 12%
(3/25) CRRs, respectively. At 3months, 44% (11/25)
patients showed PLT response, 37% (7/19) showed
HGB response, and 54% (7/13) showed NEU response
(Figure 2). Seven patients showed improvement in one
lineage, 3 in two lineages, and 4 in three lineages
(Figure 3). The ORR was 33% (4/12) in refractory
patients and 77% (10/13) in relapsed/intolerant patients
(p=0.047).

The median follow-up time was 7 (3-10) months. At
4 and 5months, the ORR was 58% (11/19) and 53%
(8/15), respectively. 12 (48%) patients were treated
with AVA for at least 6 months. Among them, 11 were
treated with CsA/FK506+AVA, and the remaining one
underwent AVA monotherapy. The ORR at 6months
was 58% (7/12), with 25% (3/12) CR. 1 of the 4 refrac-
tory (25%) and 6 of the 8 relapsed/intolerant (75%)
patients responded to AVA (p=0.22). 58% (7/12)
patients showed PLT response, 55% (6/11) showed
HGB response and 83% (5/6) showed NEU response.
One patient showed improvement in one lineage, 1 in
two lineages, and 5 in three lineages. The mean
change in BM cellularity among these 10 patients was
-0.1% (95%Cl —1.5 to 1.3, p=0.88) after 6 months of
treatment.
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[ Enrollment ]

Assessed for eligibility (n=30)

Excluded (n=1)

[ Allocation ]

Y

» Not meeting inclusion criteria (n=1)

Allocated to intervention (n=29)

» Received allocated intervention (n=29)
» Did not receive allocated intervention (n=0)

[ Follow-Up ]

Lost to follow-up due to inconvenience during COVID-19 (n=3)

Discontinued intervention due to withdrawal of consent (n=1)

[ Analysis ]

A 4

Analysed (n=25)

Figure 1. The CONSORT flow diagram. 30 patients were assessed and 1 was excluded because of developing secondary MDS from
AA. Twenty-nine eligible patients were enrolled and allocated to receive AVA, as the intention-to-treat group. Four patients were
treated with AVA for less than two months, either due to loss of follow-up (n=3) or withdrawal of consent (n=1). Twenty-five

patients were included in the efficacy analysis.

Collectively, the final ORR was 52% and CRR was
20%. The median time to haematological responses
was 2 (1-3) months, at a median average dose of 40
(20-60) mg/d and a median cumulative dose of 1800
(1200-4200) mg. As for response according to the
AVA doses, the ORR was 8% (2/25) at an average
daily dose <20mg, 33% (7/21) at 20-40mg (>20,
<40), and 56% (5/9) at 40-60mg (>40, <60). 44%
(11/25) patients had PLT response, 47% (9/19)
patients had HGB response and 54% (7/13) patients
had NEU response. The Venn diagrams and longitu-
dinal measurements of PLT, HGB, and NEU in
responders for each lineage are presented in Figures
2 and 3.

No relapse was observed during the follow-up if
AVA was taken continuously. However, one patient
who achieved PR after 2months of AVA and 1month

of maintenance (Figure 3(A), patient No. 19) relapsed
after stopping AVA. No genetic mutations and chromo-
some evolution were detected at the time of 3- or
6-months follow-up.

Patient characteristics were compared between
those with or without a response at 3months. With
similar exposure times and average dosages of AVA
(p=0.26 and 0.56, respectively), there were no differ-
ences in sex, age, lineages of cytopenia, complete
blood counts (CBC) before AVA, or concomitant use of
CsA/FK506 between the two groups (Table 2). However,
responders experienced a shorter duration (10 (6-80)
months) from diagnosis to the administration of AVA as
compared to the non-responders (37 (7-480) months,
p=0.027); they also showed a higher percentage of
relapsed/intolerant  patients (71%, 10/14) than
non-responders (27%, 3/11, p=0.047). The baseline
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3 months

Last Follow-up

—— Platelets

Hemoglobin
Neutrophils

Figure 2. Venn diagrams presenting the number of patients with the response for one or more lineages at 3months (left) and
last follow-up (right) at 3months, 7 patients showed improvement in one lineage, 3 in two lineages, and 4 in three lineages. At
a median of 7 (3-10) months follow-up, 11 patients showed a platelet response; 9 showed a haemoglobin response, and 7

showed a neutrophil response.

creatine of responders was lower than that of
non-responders (72 (41-107) versus 89 (54-135) umol/L,
p=0.037).

A total of 18 (72%) of the 25 patients were previ-
ously treated with EPAG for 8 (1-36) months at an
average dose of median 72.5 (25-100) mg/d. Half of
them (n=9) were refractory, whereas the other half
were of relapsed or intolerant type. 44% (8/18) of
patients previously treated with EPAG before enroll-
ment responded at 3months, with an average prior
EPAG dose of median 72.5 (50-100) mg/d and an aver-
age AVA dose for the response of median 43.5 (20-60)
mg/d. There were no significant differences in the per-
centage of response towards AVA between those
treated or not treated with EPAG (p=0.09). Prior length
of EPAG use showed no significant linear relationship
with the 3-month ORR for AVA (Figure 4(A), R>=0.11).
Similarly, no significant correlation was found between
the previous cumulative EPAG dose and the 3-month
ORR for AVA (Figure 4(B), R?=0.30).

Ten responders had previous CsA for less than
12months and four responders for at least 12 months.
The response rate was not significant between CsA <
12months and =12 months (p=0.43). Eight out of the
twenty-five patients (32%) received iron chelation
therapies, of these, two were responders and six were
non-responders. Among those who were only treated
for 1 (n=1) or 2months (n=3), none showed any
improvements in PLT, HGB, or NEU, at a median aver-
age daily dose of 25 (20-30) mg. Therefore, in the

intent-to-treat group (n=29), the ORR was 21% (6/29)
and 43% (12/28) at 1 and 2months, respectively; the
ORR according to average daily dose was 7% (2/29),
30% (7/23) and 56% (5/9), at average daily doses of
<20 mg, 20-40 mg (>20, <40), and 40-60 mg (>40, <60),
respectively.

Discussion

AVA was launched in China with its first approved indi-
cation for treating thrombocytopenia in CLD adults
[29]. However, patients with thrombocytopenia have
various origins, not limited to those due to insufficient
liver function [30-32], and may benefit from AVA,; for
example, those having a suboptimal response to other
TPO-RAs, e.g. EPAG. There are subtle mechanistic differ-
ences among TPO-RAs that enhance PLT production
despite similar activation of TPO receptors on hemato-
poietic stem cells [33]. Romiplostim, unlike AVA and
EPAG, competes with endogenous TPO because of the
same binding site [34]. This may explain why switching
between TPO-RAs is clinically efficacious [35,36].
Therefore, current TPO-RAs are available to treat ITP if
responses were inadequate in prior treatment (AVA,
EPAG, and romiplostim) [37-40].

AVA exerts similar biological functions as TPO in
vitro and in vivo. It stimulates the proliferation of
c-Mpl-Ba/F3 cells and the differentiation of CD34+
cells, thus producing more megakaryocytes and ele-
vating PLT counts [15,41]. With notable advantages
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Figure 3. The longitudinal measurement of platelet (PLT, A), haemoglobin (HGB, B), and neutrophil (NEU, C) in responders. At
3months, 44% (11/25) patients showed platelet response, 37% (7/19) showed haemoglobin response, and 54% (7/13) showed
neutrophil response. At 6 months, 58% (7/12) patients showed platelet response, 55% (6/11) showed haemoglobin response, and
83% (5/6) showed neutrophil response. At the last follow-up, 44% (11/25) of patients showed platelet response. 47% (9/19) of
patients showed haemoglobin response. 54% (7/13) of patients showed a neutrophil response. One patient who achieved PR after
2-months of AVA treatment and maintenance for 1month (Figure 3(A), patient no. 19) relapsed after 1month of stopping AVA.
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Table 2. Comparisons of baseline characteristics between responders and non-responders.

Baseline Responders n=14 Non-responders n=11 p-value
Sex 0.11

Male 5 8

Female 9 3
Age of enroliment, years 48.5 (20-67) 51 (20-75) 0.64
Median duration from dx to AVA, months 10 (6-80) 37 (7-480) 0.027
Type of aplastic anemia 0.047

Relapsed/intolerant 10 3

Refractory 4 8
Lineage number of cytopenia 0.18

Cytopenia = 1 2 2

Cytopenia = 2 3 6

Cytopenia = 3 9 3
PLT, x109/L 15 (2-30) 18 (1-29) 0.89
HGB, g/L 90.5 (52-166) 109 (41-134) 0.78
WBC, x109/L 2.785 (1.41-5) 3.15 (2.05-8.01) 0.31
ANC, x109/L 1.395 (0.39-3.51) 1.64 (0.91-4.86) 0.46
RET, x109/L 45.2 (18.9-71.3) 43.4 (35.2-51.6) 0.87
ALT, U/L 10.5 (6-118) 12 (4-447) 0.32
Thil, pmol/L 9 (5-16.8) 13.4 (7.1-30.6) 0.085
Cr, umol/L 72 (41-107) 89 (54-135) 0.037
Fer, ng/mL 348.5 (23-1736) 1008 (82-37,149) 0.37
PNH > 1% 2 1 1.00
BM cellularity, % 27.5 (9-39) 28 (8-37) 0.78
Length of EPAG treatment, months 5.5 (1-36), n=8 8.5 (1-27), n=10 0.89
Average EPAG dose, mg/d 72.5 (50-100) 62.5 (25-100) 0.68
Cumulative EPAG dose, mg 13,500 (1875-54,000) 21,000 (750-49,500) 0.86
Prior CsA/FK506, months 6 (4-36) 11 (5-129) 0.31
Follow-up, months 7 (3-10) 8.5 (3-10) 0.39

AVA: avatrombopag; dx: diagnosis; EPAG: eltrombopag; CsA: cyclosporin A; FK506: tacrolimus; PLT: platelets; HGB: hemoglobin;
ANC: absolute neutrophil count; WBC: white blood cells; RET: reticulocyte; ALT: alanine aminotransferase; TBil: total bilirubin; Cr:
creatine; Fer: ferritin; PNH: paroxysmal nocturnal hemoglobinuria; BM: bone marrow.

such as easy oral administration, little interaction with
food, lower risk of hepatotoxicity, and rare immuno-
genic risks [23,42], AVA can serve as an alternative for
patients with thrombocytopenia refractory or intoler-
ant to other TPO-RAs. EPAG and hetrombopag, are the
only TPO-RAs approved for AA treatment [11,43].
However, long-term use of EPAG depletes iron [44].
Substitutes for AA treatment with other TPO-RAs are
rare. This is the first study that reports the usage of
AVA for patients with refractory/relapsed NSAA; in par-
ticular, most of the patients in our cohort were previ-
ously treated with EPAG.

In our cohort, all refractory/relapsed patients were
treated for at least 6months with a full dose of CsA/
FK506. Even among intolerant patients, the least expo-
sure for CsA/FK506 was 4 months. The ORRs were 24%,
48%, and 56% at 1, 2, and 3months after AVA, with
4%, 4%, and 12% of CR, respectively. Similar to other
TPO-RAs, responders showed improvements in one,
two, or three lineages. Most of the patients showed
stable responses till the end of follow-up, except for
one, who relapsed after stopping AVA for 1month.
Twelve patients were treated for at least 6 months,
whereby 4 achieved PR, and 3 showed CR. In total, the
final ORR in our cohort was 52% and the CRR was
20%. No significant improvement was observed in BM
cellularity after 6months as reported in a previous

study [8]. This was probably because of the fact that
our cohort was not treatment-naive and all patients
received CsA/FK506 for more than 4 months, making it
difficult to normalize their hematopoiesis.

The delayed response to IST might not play a sig-
nificant role in the efficacy we obtained. The possible
delayed response to IST, if any, occurred between 6 to
12months after IST [45]. There were 16 patients who
had been treated with CsA/FK506 continuously for
6-12months and could have possibly delayed
responses towards CsA/FK506. Their response rate was
60%, which was not significantly different from those
who had no possible delayed effects of IST. On the
other hand, the period of prior IST was not signifi-
cantly different between responders and
non-responders. However, due to the small number of
patients, we cannot fully exclude the delayed response
of IST in responders.

We did not observe clonal evolution in this small
patient population. The impact of AVA on clonal hemo-
poiesis was only partially investigated during a rela-
tively short follow-up time and in selected patients
with normal karyotypes. A previous study on EPAG
reports that two patients developed non-chromosome
seven BM cytogenetic abnormalities without dysplasia
or increased BM blasts [12]. EPAG treatment has been
reported to not increase the rates of relapse and clonal
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Figure 4. Relationship between prior eltrombopag (EPAG) and 3-month overall response rate (ORR) to avatrombopag (AVA). 18
(72%) of the 25 patients were previously treated with EPAG for 8 (1-36) months at 72.5 (25-100) mg/d dosage; 44% (8/18)
responded to AVA at 3months. (A) Prior length of using EPAG showed no significant linear relationship with the 3-month ORR of
AVA (R?=0.11). (B) There is no significant correlation between the previous cumulative EPAG dose and the 3-month ORR for AVA

(R?=0.30).

evolution in the IST+EPAG group in the long term, but
both events occur earlier when compared historically
[46]. The possible acceleration of MDS/AML progres-
sion induced by AVA should be carefully followed-up
for a longer duration.

Most of our patients were TD-NSAA. We only
enrolled patients who had a platelet count less than
30x10%L and most of the patients had a platelet
count PLT < 20x10%L. According to the criteria from
the German Aplastic Anemia Study Group [47],
TD-NSAA referred to patients who fulfilled the criteria
of NSAA and at least one of the following cytopenia,
PLT < 20x10%L, HGB < 80g/L or ANC < 0.5x10%L.

Only 4 patients did not meet these criteria but had
long courses of AA. So, we mainly focused on TD-NSAA.
Moreover, 32% of the patients (n=8) received iron
chelation therapies, which benefitted some patients, as
evidenced by improved hematopoiesis [48]. However,
iron chelation therapy might not contribute to the
observed ORRs. Only 2 patients were responders and
the remaining 6 patients showed refractory NSAA and
had previously received iron chelation therapies.
Although the sample size was limiting, we tried to
identify the prediction factors that favoured the
responses. Sex, age, and baseline blood cell count
showed no significant influence. However, a shorter
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duration from diagnosis to the initiation of AVA treat-
ment indicated a better response to AVA, which was
not observed in the phase 2 trial for EPAG [12,28]. It
is reasonable that long-term BM failure can exhaust
the left hematopoiesis, thus making restoration more
difficult. However, further experiments on a larger
patient population are required. A recent study indi-
cates that baseline blood counts can predict the
response in SAA, whereby the greater the reticulo-
cyte count, the higher the NEU, and the lower the
levels of thrombopoietin, regardless of EPAG [49].
However, the study focused on newly diagnosed SAA.
In our study, among patients with NSAA, responders
showed more severe CBCs than non-responders but
the results were not significant (all p-values > 0.30).
Moreover, relapsed/intolerant patients may have a
higher response rate from the continuation or restart
of similar treatments than refractory cases. We also
found that baseline creatine was lower in responders.
TPO is mainly produced by the liver and kidney [50].
AVA, as a TPO-RA, has a confirmed benefit for CLDs
[20,29,31], but not yet for patients with kidney dys-
function. Our study showed that the kidney might
play a role in the pathway of AVA, which is worth
further investigation.

72% of the patients were switched from EPAG as
the salvage treatment before AVA administration.
Surprisingly, no relationship between prior exposure
dose and duration of EPAG and the ORR for AVA was
found. 18/25 patients switched from EPAG and
achieved 44% of ORR at 3months, similar to previous
results for the first salvage treatment with EPAG [28].
In an in vitro experiment, AVA could combine with
TPO, and improve megakaryocytopoiesis both in the
early and late stages [15]. It has a different binding
site relative to EPAG, although both are non-competitive
TPO-RAs [14]. AVA exhibits higher laboratory efficacy
than EPAG in vitro and in vivo [51]. Previous reports
show that AVA and romiplostim show higher response
rates in ITP patients as compared to EPAG, and were
clinically efficacious even after patients’ exposure to
EPAG [52]. H. Al-Samkari et al. report that patients
resistant to EPAG can respond to romiplostim, both in
ITP and AA [52]. Similar findings for AVA and EPAG, as
reported herein, further demonstrate the potential
switch between TPO-RAs having different mechanisms.
It is very unlikely that the response was from the late
effects of EPAG since the length and cumulative dose
of previous EPAG did not affect patients’ responses.
However, the time to response and average dose for
AVA was different between AA and those reported
previously for ITP [52], as evidenced by the dose differ-
ences in EPAG as well [12,53], which can probably be

explained by the residual hematopoiesis and patho-
genesis variation between the two diseases.

However, none of the patients were treated with
ATG before, although we only excluded those using
ATG within 6 months before enroliment. The high cost
of ATG and the difficulty of hospital admission hinder
its use in clinical practice in China [5,54]. Reportedly,
only 9% of AA patients received standard IST as their
primary treatment, whereas 77% used CsA alone or
with an androgen [5]. This was similar to the findings
of this clinical trial. Combining ATG with CsA has been
shown to be more effective than CsA alone [7]. Such
inaccessibility to ATG may overestimate the efficacy
obtained in refractory, relapsed, and intolerant NSAA
patients. However, this scenario is more
clinically-practical in China and may underlie implica-
tions for further investigations on AVA effects in
patients after standard IST.

AVA is usually well-tolerated, while occasional head-
ache, fatigue, and epistaxis may be observed [23]. We
did not find any new side effects in our cohort, and
most AEs were due to combined IST [8]. In addition,
mild liver dysfunction improved in some patients after
AVA administration. This may be an advantage over
other TPO-RAs, especially for patients with baseline
liver damage or those treated in combination with
hepatotoxic drugs [55].

Some patients showed elevated Tbil but this was
less than twice the upper limit of the normal range.
Active hepatitis was excluded before enrollment.
Responders and non-responders did not show signifi-
cant differences in Tbil. Therefore, the impact of liver
diseases on the efficacy of AVA was not found in this
trial but could not be excluded. More studies are
needed to investigate the association between liver
function and the performance of AVA.

Most responders showed their responses at an aver-
age dose =40mg. The good tolerability of AVA allowed
40mg to be the starting daily dose of further phase 3
trials, in order to obtain a response in more patients or
within a shorter time. However, most participants were
previously treated with EPAG. This might be the reason
why AVA was well-tolerated. Thus, in subsequent phase
3 trials, 40mg was recommended to be the starting
dose for EPAG-treated patients, whereas 20 mg was still
recommended to establish tolerability.

This was a pilot study with a few limitations that
warrant further investigations. A small number of
patients, limited follow-up duration, and diversity of
previous treatments may obscure the conclusion
herein. Nonetheless, our findings provide a clue for
alternative treatment using AVA for refractory/relapsed/
intolerant AA, especially those with liver dysfunctions.



Besides, it raises interest in the possibility of switching
among different TPO-RAs, which requires further
investigations.

Conclusion

In conclusion, 56% of NSAA patients achieved either
CR or PR within 3months after AVA administration.
44% of the patients with prior exposure to EPAG ben-
efitted after switching to AVA. Therefore, AVA was
effective and well-tolerated by NSAA patients who
were refractory, relapsed, or intolerant to CsA/
FK506 + EPAG. Earlier treatment and relapsed/intolerant
AA may show better short-term response rates.
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