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Abstract

Background: To investigate whether the addition of eltrombopag
(EPAG) to rabbit anti-thymocyte globulin (ATG)-based immu-
nosuppressive therapy (IST) for newly diagnosed severe aplastic
anemia (SAA) improves outcomes and affects the cumulative inci-
dence of clonal evolution (CE), we conducted a multicenter retro-
spective analysis.
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Methods: Data were collected from 101 patients, aged 15 - 65 years,
undergoing initial IST.

Results: No significant imbalance in age, sex, or severity was observed
between the EPAG (n = 20) and non-EPAG (n = 81) groups. The me-
dian duration of EPAG administration in EPAG group was 16.1 months
(range: 0.6 - 41.1 months). Six months after the initiation of IST, the
complete response (CR) rate significantly improved in the EPAG group
(P<0.01). The cumulative incidence of allogeneic stem cell transplan-
tation (allo-SCT) at 2 years and the 2-year overall survival (OS) were
not significantly different between the two groups (allo-SCT, P=0.31;
OS, P = 0.64). Grade 3-4 adverse events in the EPAG group and the
cumulative incidence of CE (P = 0.96) showed no increase.

Conclusion: In summary, IST showed significantly better initial ef-
ficacy in the EPAG group. Although the addition of EPAG did not re-
duce the need for allo-SCT, no increase was observed in the incidence
of CE with long-term EPAG use.

Keywords: Aplastic anemia; Eltrombopag; Allogeneic stem cell
transplantation; Immunosuppression therapy

Introduction

The first-line treatment for severe aplastic anemia (SAA) in
young adults is immunosuppressive therapy (IST) using a com-
bination of anti-thymocyte globulin (ATG) and cyclosporine
(CsA), or allogeneic stem cell transplantation (allo-SCT) from
a human leukocyte antigen (HLA)-matched sibling donor, if
available. This is especially recommended for individuals un-
der 40 years of age [1-4]. However, owing to concerns such as
transplantation-related mortality and graft-versus-host disease
(GVHD), some patients may choose to avoid allo-SCT, even
when a matched sibling donor is available. In contrast, the ef-
ficacy of IST is reportedly to be 50-70%, with a recurrence
rate of 30% after treatment [2]. Insufficient responses and high
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recurrence rates pose challenges for IST.

Since 2017, the efficacy of thrombopoietin receptor ago-
nists (TPO-RAs) for aplastic anemia has been demonstrated,
including the additional benefit of adding eltrombopag (EPAG)
to initial IST for SAA [5-8]. In response to these findings,
Japanese guidelines now recommend the addition of EPAG to
IST as the first-line treatment for patients under 40 years of
age without an HLA-matched sibling donor [9]. Whereas the
efficacy of IST is expected to improve significantly, the use
of equine ATG, considered more effective than rabbit ATG,
was not available in Japan until July 2023 [10-12]. Most large-
scale trials demonstrating the added effect of EPAG have used
equine ATG. Although reports of rabbit ATG from Japan and
China have been published, they are inadequate and further
accumulation is needed [13-16].

Even if IST is chosen as the first-line treatment, some pa-
tients may undergo allo-SCT as a secondary treatment if the
initial response is insufficient or if recurrence occurs after the
response. Currently, no reports have focused on whether add-
ing EPAG to IST reduces the need for allo-SCT in subsequent
treatments.

Furthermore, clonal evolution (CE) is a long-term issue
that occurs in approximately 15% of patients who undergo IST
[17]. About 40% of CE cases involve abnormalities in chro-
mosome 7, and patients with these abnormalities have a very
poor prognosis [18]. Although evidence is lacking regarding
the increase in frequency of CE with the addition of EPAG,
few studies have reported that high-risk events, such as ab-
normalities in chromosome 7, occur earlier compared to con-
ventional treatment [19, 20]. Therefore, examining the risk of
developing CE under EPAG administration in real-world data
is significant.

We conducted a multicenter collaborative study to eluci-
date the long-term outcomes of adding EPAG to IST and to
determine whether the concomitant long-term use of EPAG
increases the incidence of CE.

Materials and Methods

This multicenter retrospective observational study was con-
ducted across 15 participating Nagoya Blood and Marrow
Transplantation Group facilities. Individual patient data were
collected through surveys distributed to each facility. The in-
clusion criteria were patients aged 15 - 65 years with SAA
who underwent ATG plus CsA as the initial IST between Janu-
ary 2009 and May 2020. The target age group was defined as
the range in which allo-SCT would be actively considered if
primary IST proved to be ineffective. The exclusion criteria
included a history of TPO-RAs, allo-SCT, previous ATG ad-
ministration, or treatment for malignant diseases.

Patients initiating EPAG within 60 days after the com-
mencement of ATG were categorized as the EPAG group,
whereas the remaining patients formed the non-EPAG group.
The primary endpoint was cumulative allo-SCT rate, and the
secondary endpoints were complete remission (CR), partial
remission (PR), CE rate, and overall survival (OS). CR was
defined as meeting all of the following: neutrophil count >
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1,000/uL, Hb > 10 g/dL, platelet count > 100,000/uL; PR was
defined as meeting two or more of the following: neutrophil
count > 500/pL, platelet count >20,000/uL, reticulocyte count
> 60,000/uL. CE was defined as the development of acute my-
eloid leukemia (AML), myelodysplastic syndrome (MDS), or
the appearance of new chromosomal abnormalities after IST.
Adverse events were evaluated using the Common Terminol-
ogy Criteria for Adverse Event (CTCAE) version 5.0.

Fisher’s exact test was used to analyze nominal variables.
Continuous variables were analyzed using the Kolmogorov-
Smirnov test for normality, and since none of them followed a
normal distribution, the Mann-Whitney U test was used. The
Gray test was used to test the cumulative incidence of allo-SCT,
cumulative achievement of CR/PR, and cumulative incidence
of CE; competing events for allo-SCT were death, competing
events for achievement of CR/PR were death, secondary treat-
ment, CE, and competing events for CE were death and allo-
SCT. Multivariate analysis was conducted using Fine-Gray
proportional hazards regression. The Kaplan-Meier method
was used to generate OS curves, and analysis was performed
using the log-rank test. All statistical analyses were two-tailed,
and a P-value < 0.05 was considered statistically significant.
EZR was used for the statistical analysis [21].

The protocol for this study protocol was approved by the
Institutional Review Board of Anjo Kosei Hospital (No. R20-
47) and all other participating centers and was conducted in
compliance with the ethical standards of the responsible insti-
tution on human subjects as well as with the Helsinki Declara-
tion.

Results

Patients

Data from 101 patients were analyzed. The median follow-up
period was 56.6 months (range: 4.6 - 153.1 months) for all
cases and 59.9 months (range: 8.9 - 153.1 months) for survi-
vors at the time of data collection.

All patients received rabbit ATG plus CsA, with the medi-
an ATG dose of 16.3 mg/kg (range: 5.6 - 25.0 mg/kg). Among
the 101 patients analyzed, 20 who were administered EPAG
within 60 days after ATG administration were categorized into
the EPAG group, whereas the others formed the non-EPAG
group.

The median follow-up period was significantly longer in
non-EPAG group: 64.0 months (range: 7.4 - 153.1 months)
compared to 29.0 months (range: 4.6 - 60.4 months) in EPAG
group (P <0.001) (Table 1). No statistically significant differ-
ences were observed between the groups in terms of age, sex,
or severity, as evaluated using the Camitta criteria [22, 23].

Chromosomal abnormalities at diagnosis were identified
in seven patients (8.6%) in the non-EPAG group and three
(15.0%) in the EPAG group (P = 0.58). Additionally, 14 pa-
tients in the non-EPAG group (17.3%) and three in the EPAG
group (15.0%) had an HLA-identical sibling donor before IST
(P = 1.0). The three patients in the EPAG group who had sib-
lings were all young, under 25 years of age.
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Table 1. Comparison of Baseline Characteristics of Non-EPAG and EPAG Patients

Baseline characteristics Non-EPAG (n = 81) EPAG (n =20) P
Median age at ATG administration (range) 52 (15-65) 53 (18 - 65) 0.78
Camitta criteria, n (%)
Severe 51 (63.0) 10 (50.0) 0.32
Very severe 30 (37.0) 10 (50.0)
Karyotype, n (%)
Normal 71 (87.7) 17 (85.0) 0.58
Others 7 (8.6) 3 (15.0)
Missing 3(3.7) 0 (0.0)
Sex, n (%)
Female 39 (48.1) 6 (30.0) 0.21
Male 42 (51.9) 14 (70.0)
HLA-matched sibling donor, n (%)
Identified 14 (17.3) 3 (15.0) 1
Median baseline blood cell count (range)
Neutrophil (/uL) 308 (0 - 2,842) 239.0 (45 -928) 0.82
Platelet (x 10%/uL) 0.70 (0.10 - 4.70) 0.85(0.10 - 1.80) 0.95
Reticulocyte (x 10%/uL) 1.42 (0.08 - 6.06) 1.33(0.37-4.10) 0.91

Median follow-up months (range)

64.0 (7.4 - 153.1)

29.0 (4.6 - 60.4) <0.001

ATG: antithymocyte globulin; EPAG: eltrombopag; HLA: human leukocyte antigen.

In the EPAG group, patients started EPAG 5 - 42 days
(median, 14 days) after ATG administration at a median dose
of 75 mg (range, 25 - 75 mg). The median duration of EPAG
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Figure 1. Cumulative incidence of allogenic stem cell transplantation

after IST. allo-SCT: allogenic stem cell transplantation; EPAG: eltrom-
bopag; IST: immunosuppressive therapy.
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administration was 16.1 months (range: 0.6 - 41.1 months).
Ten patients (50.0%) continued to undergo EPAG at the time
of data collection. Among the other 10 patients, six stopped
EPAG under its best response, one due to lack of efficacy, and
three due to adverse events.

Allo-SCT

The cumulative incidence of allo-SCT at 2 years after IST was
13.8% in non-EPAG group and 5.0% (95% CI: 0.3-21.1%) in
EPAG group (P = 0.31) (Fig. 1). The median duration from
IST to allo-SCT was 11.4 months (range: 4.1 - 70.0 months).
Among the 15 patients who underwent allo-SCT, eight did so
due to a lack of response to IST, followed by CE (n = 4) and
relapse (n = 3) (Table 2).

According to multivariate analysis, EPAG administration
did not show a statistically significant change in the cumula-
tive incidence of allo-SCT (Table 3).

Donor sources included four cases of bone marrow (BM)

Table 2. The Reason for Proceeding to allo-SCT

Non-EPAG EPAG P

Insufficient response of IST, n (%) 7 (8.6) 1(5) 1
Clonal evolution, n (%) 4(4.9) 0(0) 0.58
Relapse, n (%) 3(3.7) 0(0) 1

allo-SCT: allogenic stem cell transplantation; EPAG: eltrombopag; IST:
immunosuppressive therapy.
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Table 3. Multivariate Analysis on Cumulative Incidence of allo-
SCT

Variable HR (95% CI) P
Group
Non-EPAG 1 0.36
EPAG 0.34 (0.032 - 3.52)
Age
16 - 49 1 0.042
50+ 0.32 (0.11 - 0.95)
Severity
Severe 1 0.71
Very severe 1.22(0.43 - 3.47)
Sibling donor
Not identified 1 <0.01
Identified 6.14 (2.03 - 18.58)

allo-SCT: allogenic stem cell transplantation; Cl: confidence interval;
EPAG: eltrombopag; HR: hazard ratio.

from HLA-identical relatives, three cases of peripheral blood
stem cells (PBSCs) from relatives (one of which was an
HLA-one haplotype-incompatible transplant), four cases of
BM from unrelated donors, and four cases of cord blood. The
3-year OS rate after stem cell infusion was 60.0% (95% CI:
31.8-79.7%). In total, six patients died after allo-SCT, and all
of them died because of adverse events of allo-SCT (infection,
three; bronchiolitis obliterans syndrome, one; multiple organ
failure, two). The other nine patients of survival all maintained
CR until the end of the observation period.

OS and CE

The 2-year OS after IST was 91.3% (95% CI: 82.6-95.8%) in
non-EPAG group and 95.0% (95% CI: 69.5-99.3%) in EPAG
group (P = 0.64) (Fig. 2a). The 2-year cumulative incidence
of CE was 3.7% (95% CI: 1.0-9.6%) in non-EPAG group and
5.6% (95% CI: 0.3-23.2%) in EPAG group (P = 0.96) (Fig.
2b). The median duration from the start of ATG administration
to the diagnosis of CE was 21.6 months (range: 3.7 - 114.1
months). All patients underwent karyotype testing at the time
of CE, and three of them had chromosome 7 abnormalities (Ta-
ble411,3,4,7,12,13, 16, 17, 20]).

Response of IST

The PR rate at 3 months after IST was 66.7% (95% CI: 55.1-
75.9%) in non-EPAG group and 90.0% (95% CI: 57.0-98.0%)
in EPAG group (P =0.094) (Fig. 2c). The CR rates at 6 months
were 12.3% (95% CI: 6.3-20.6%) and 45.0% (95% CI: 22.3-
65.4%), respectively (P <0.01) (Fig. 2d). In multivariate anal-
ysis considering both the presence or absence of EPAG and
disease severity as variables, EPAG was shown to significantly
improve the CR rate (HR: 3.81, 95% CI: 1.92 - 7.56, P <0.01).
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We collected blood cell count data at baseline and 1, 3, and
6 months after the start of IST and compared the two groups
(Fig. 3). The neutrophil counts at 3 months had a median of
950/uL (range: 3 - 4,139/uL) in non-EPAG group, while it was
1,416/uL (range: 3 - 3,016/uL) in EPAG group (P = 0.031).
At 6 months, the respective counts were 1,265/uL (range: 10
- 3,800/uL) and 2,226/uL (range: 468 - 5,110/uL) (P < 0.01),
with EPAG group showing significantly higher values. Plate-
let counts followed a similar trend, with 3-month medians of
3.3 x 10%uL (range: 0.1 - 22.1 x 10%uL) and 7.0 x 10%uL
(range: 1.3 - 26.7 x 10%/uL) for non-EPAG and EPAG groups,
respectively (P = 0.025). At 6 months, the respective counts
were 3.7 x 10%/uL (range: 0.1 - 26.2 x 10%uL) and 11.2 x 10%/
uL (range: 1 - 35.2 x 10%uL) (P < 0.01), with EPAG group
again demonstrating a significant increase. In contrast, reticu-
locytes showed no statistically significant differences at any
time point.

Forty-two patients received second-line treatments prior
to data collection. The major second-line treatments included
anabolic steroids (n = 13), allo-SCT (n = 12), EPAG (n =9),
CsA resumption (n = 4), rabbit ATG re-administration (n = 4),
and romiplostim (n = 1). Two patients who chose ATG re-ad-
ministration and one who chose anabolic steroids underwent
allo-SCT as a third-line treatment.

Adverse events

Data on grade 3-4 non-hematologic adverse events occurring
up to | year after IST were collected (Table 5). Febrile neutro-
penia (FN) was recorded in 32.9% of patients in non-EPAG
group and 10.0% in EPAG group (P = 0.053). No adverse
events significantly increased due to EPAG administration
during the follow-up period. Eight patients died within 2 years
after IST, including one patient in the EPAG group. Five of
the eight died due to adverse events associated with allo-SCT.

Discussion

In this retrospective, multicenter study involving collaborative
examination of 101 participants, the EPAG group consisted
of 20 patients. The noteworthy characteristics of the EPAG
group included the presence of three patients who, despite be-
ing young and having sibling donors, opted for IST. Addition-
ally, the median duration of EPAG administration was nota-
bly long (16.1 months). These findings are believed to reflect
real-world clinical practice. As a result of the combined use of
EPAG, the CR rate significantly improved after 6 months of
IST in the EPAG group. However, the cumulative incidence
of allo-SCT after IST did not differ significantly between the
non-EPAG and EPAG groups.

Regarding the effectiveness of IST, the efficacy of equine
ATG has been demonstrated in the phase III RACE trial [7].
The addition of EPAG to rabbit ATG-based IST was reported
in a single-arm phase II trial involving 10 patients, with a fa-
vorable overall response rate (ORR) of 70% at 26 weeks [13].
Similar results were reported in a retrospective study involving
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Figure 2. Overall survival (a) and cumulative incidence of CE (b), PR (c), and CR (d) after IST. CE: clonal evolution; CR: complete
response; EPAG: eltrombopag; IST: immunosuppressive therapy; PR: partial response.

Table 4. Summary of the Patient Characteristics Who Developed CE After IST

Months from

Age Sex Group Diagnosis Karyotype before IST  Karyotype at CE IST to CE
37 F Non-EPAG MDS 46, XX [20] 46, XX [20] 3.7
54 M  Non-EPAG AML Missing 46, XX, add(7)(q22) [20] 5.0
38 M Non-EPAG MDS 46,Y, M(X; 6)(q26; 46,Y, t(X; 11)(q28; p11. 2) [7]/46, XY [13] 11.7
q21) [1]/46, XY [12]
58 F EPAG CHIP 46, XX [20] 46, XX, del(6)(q?) [4]/46, XX [16] 17.9
54 F Non-EPAG CHIP 46, XX [20] 47, XX, +21 253
62 M  Non-EPAG MDS 45,X,-Y [3]/46, XY [17] 45, X,-Y [16]/45,idem,?t(7;8)(q32;q22) [1]/46, XY [3]  42.3
46 M  Non-EPAG MDS 46, XY [20] 46, XY, +1, der(1; 7)(q10; p10) [4]/46, XY [16] 67.7
62 F Non-EPAG MDS 46, XX [20] 44, XX, add(2)(p11.2), -9, add(15)(q15), 114.1

-18, add(21)(q22.1) [12]/45, idem, -add(21),
+add(21)(q22.1)x2 [3]/46, XX [1]

AML: acute myeloid leukemia; CE: clonal evolution; CHIP: clonal hematopoiesis of indeterminate potential; EPAG: eltrombopag; F: female; IST: im-
munosuppressive therapy; M: male; MDS: myelodysplastic syndrome.
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58 patients who received IST plus EPAG, with a 76% ORR
at 6 months [16]. Furthermore, a comparing the outcomes of
IST alone and IST combined with EPAG in a multicenter trial
revealed a significantly better ORR in the EPAG combination
group (85%) than in the non-combination group (61%) [15].
In line with these previous reports, we confirmed the improve-
ment in rabbit ATG-based IST outcomes with the addition of
EPAG.

Although the efficacy of IST has improved, the cumula-
tive incidence of allo-SCT after IST did not decrease. In the
aforementioned phase III trial (RACE trial), the cumulative in-
cidence of allo-SCT within 1 year of randomization was 11.8%
in the non-EPAG group and 11.4% in the EPAG group, show-
ing no significant difference. A potential factor for the lack of
reduction in allo-SCT could be post-IST relapse. The RACE
trial demonstrated improved response rates after IST. How-
ever, the relapse rates had no significant difference. Moreover,
in the long-term follow-up of the IST plus EPAG phase II trial,
the cumulative relapse rate at 4 years was 43%, with many
relapses occurring upon discontinuation of EPAG or CsA [6].
Based on these results, it is highly probable that post-IST re-
lapse is a major factor preventing a reduction in allo-SCT.

The duration of EPAG administration in the aforemen-
tioned prospective trial was 3 - 6 months, which was consider-
ably shorter than that in the current study. A single report has
verified the long-term administration of EPAG [24]. Accord-

Table 5. Grade 3-4 Non-Hematological Adverse Events Within
1 Year After IST

Non-EPAG EPAG

(n=81),n (%) (n=20),n (%)
EBV reactivation 2 (2.5) 0(0.0) 1
Kidney dysfunction 7 (8.6) 0 (0.0) 0.34
Liver dysfunction 11 (13.6) 1(5.0) 0.45
Infection 33 (40.7) 4 (20.0) 0.12
Febrile neutropenia 27 (33.3) 2 (10.0) 0.052

EBV: Epstein-Barr virus; EPAG: eltrombopag; IST: immunosuppressive
therapy.
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ing to this report, among patients who did not meet the CR
criteria at 6 months after IST initiation and continued EPAG,
the 2-year event-free survival (EFS) was 89%, whereas it was
49% for patients who discontinued EPAG, showing a statisti-
cally significant advantage for the continuing group. Moreo-
ver, among the 55 patients in this study who continued EPAG
because they did not achieve CR, only one patient (1.8%) un-
derwent allo-SCT during the observation period. Our study
included only one case of allo-SCT in the EPAG group, and
this patient underwent transplantation not due to relapse but
because of an insufficient response to IST. While our study did
not definitively confirm the potential for relapse suppression
and avoidance of allo-SCT through extended EPAG adminis-
tration, it did not rule out these possibilities.

Safety concerns arose with prolonged EPAG administra-
tion; however, in our study, no increase in grade 3-4 adverse
events was noted within 1 year post-IST, and the cumulative
incidence of CE during the observation period did not differ sig-
nificantly between the EPAG and non-EPAG groups. Although
high-risk CE involving chromosome 7 abnormalities or com-
plex karyotypes has been reported to occur early in EPAG-com-
bined patients, our EPAG group had no high-risk CE, and only
one case of low-risk CE was observed [6, 19, 20]. Additionally,
reports suggest that the 4-year incidence of CE in EPAG group
(15%) is comparable to the historical control non-EPAG group,
supporting our study’s findings. It seems unlikely that long-term
concomitant use of EPAG leads to an increase in CE. However,
as this event occurs at a certain rate, regular monitoring using
fluorescence in situ hybridization (FISH) is necessary.

The 3-year OS rate after allo-SCT in this study was 60%,
which is not considered favorable. However, recent reports
suggest an overall improvement in allo-SCT outcomes. A
large-scale study using European Cooperative Group for Bone
Marrow Transplantation demonstrated that, although the inci-
dence of GVHD was higher in unrelated donors, no significant
difference in OS was observed between HLA-matched sibling
donors and unrelated donors [25]. Furthermore, favorable re-
sults have been reported for salvage therapy using umbilical
cord blood and HLA haploidentical transplantation in recent
years [26-28]. Additionally, DeZern et al reported the remark-
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able success of HLA-haploidentical transplantation as an initial
treatment in cases where an HLA-matched sibling donor is una-
vailable [29]. In this study, the 3-year OS for all patients was
92%, achieving 100% OS in 20 patients after adjusting for the
total body irradiation (TBI) dose. A prospective study compar-
ing IST plus EPAG with allo-SCT from an HLA-matched sib-
ling donor reported equivalent 3-year OS but significantly bet-
ter failure-free survival with allo-SCT [30]. Furthermore, in our
current patient cohort, except for those who experienced early
non-relapse mortality after allo-SCT, all patients have main-
tained CR status post-transplant. Even in this setting, allo-SCT
has proven to be promising in terms of the sustainability of its
effects. Considering these results, it can be asserted that despite
the confirmed favorable treatment outcomes of IST plus EPAG
at present, allo-SCT remains a viable option for SAA.

A limitation of this study was its retrospective and mul-
ticenter nature. Prospective studies are generally preferred to
confirm the findings. The decision to choose between IST,
allo-SCT, and the addition of EPAG was left to the discretion
of the individual facility/physician, leading to inevitable se-
lection bias and variability in treatment approaches. Addition-
ally, the EPAG group had a limited number of cases, which
may limit the generalizability of the findings and the statistical
power to detect differences between groups. Furthermore, the
significant difference in observation periods between the two
groups requires caution in interpreting outcomes, such as allo-
SCT or CE. Insufficient data on the presence of glycosylphos-
phatidylinositol (GPI)-deficient cells limit the ability to predict
the effectiveness of IST and understand the underlying mecha-
nisms of treatment response [31, 32].

In summary, the initial effectiveness of IST was signifi-
cantly better in the EPAG group, but OS was comparable, and
there was no observed reduction in the rate of allo-SCT imple-
mentation. The long-term benefit of adding EPAG could not
be demonstrated. On the other hand, there was no increase in
CE with long-term addition of EPAG, and the safety of adding
EPAG in real-world clinical practice was confirmed.
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