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Oncology, Samsung Medical Center, Romiplostim has been shown to restore multi-lineage haematopoiesis and is effec-
Sungkyunkwan University School of .. . ith aplasti ia (A f . . h
Medicine, (06351) 81 Trwon-Ro Gangnam-gu, tive in patients with aplastic anaemia (A A) refractory to immunosuppressive therapy
Seoul, Republic of Korea. (IST). This open-label, phase 2/3 study (NCT04095936) recruited adult AA patients
Email: jh21 jang@samsung.com in Japan and Korea who had not received prior IST and evaluated the efficacy and
Funding information safety of romiplostim plus ciclosporin A (CsA). Romiplostim was initiated at 10 pg/kg
Kyowa Kirin once weekly through Week 4 and adjusted between 0 and 20 pg/kg from Week 5 on-

wards. CsA was administered at 5-6 mg/kg/day in two divided doses through Week
26. A total of 24 patients (median [range] age, 52 [19-80] years) were enrolled, and
22 (91.7%) completed the study. Four patients (16.7%) had very severe AA (VSAA),
13 (54.2%) had severe AA (SAA) and seven (29.2%) had transfusion-dependent non-
severe AA (NSAA). A haematological response at Week 27 was observed in 10/24
patients (overall response, 41.7%; 95% confidence interval, 22.1%-63.4%). At Week
27, the subgroup overall response rates were 0.0% in VSAA, 46.2% in SAA and 57.1%
in NSAA. Nearly 92% of patients experienced at least one treatment-emergent ad-
verse event (TEAE), but no drug-related Grade >3 TEAEs were reported. One patient

The results of this study were, in part, presented at the European Haematology Association Congress in Frankfurt, Germany, on 14-15 June 2023.
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developed myelodysplastic syndromes. Treatment with romiplostim plus CsA was
effective and well tolerated in patients with AA who had not previously received IST.
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aplastic anaemia, ciclosporin, immunosuppressive therapy, romiplostim, thrombopoietin

thereby triggering intracellular transcriptional pathways.”
INTRODUCTION Romiplostim promotes platelet production by stimulating TPO

Aplastic anaemia (AA) is characterised by a reduction or ab-
sence of haematopoietic precursors in bone marrow, leading
to pancytopenia and decreased bone marrow cellularity (hy-
poplasia)."* Treatment of AA includes supportive care, such as
platelet or erythrocyte transfusion, as well as therapies aimed
at restoring haematopoietic function, such as immunosup-
pressive therapy (IST), anabolic steroid therapy, and haema-
topoietic stem cell transplantation.>® The choice of frontline
therapy depends on factors such as patient age, disease sever-
ity, donor availability, and access to optimal treatment.*”
Although anti-thymocyte globulin (ATG) is essential for
IST in patients with severe AA (SAA),® an alternative ther-
apeutic strategy for patients who cannot tolerate ATG is
needed. Rabbit ATG administration necessitates hospitalisa-
tion for intravenous infusion over at least 6h once daily for
5days, with possible side effects including serum sickness.”®
Therefore, identifying an effective drug therapy for AA that
does not rely on ATG is crucial. In clinical practice, the stan-
dard first-line treatment of AA is IST in combination with
eltrombopag, a thrombopoietin (TPO) receptor agonist.
While over 70% of patients respond to this regimen, some
are unable to tolerate it or fail to achieve a response.
Romiplostim, a thrombopoiesis-stimulating agent, ex-
erts its effects by binding to and activating the TPO recep-
tor, also known as the myeloproliferative leukaemia protein,

receptor-mediated proliferation and differentiation of mega-
karyocyte precursors in the bone marrow."” "> Romiplostim is
approved and used worldwide to treat immune thrombocyto-
penia and refractory AA."*™7 Moreover, romiplostim has been
reported to enhance response rates in AA patients refractory
to eltrombopag.'® Because eltrombopag and romiplostim have
different mechanisms of action, romiplostim may be an alter-
native front-line treatment option for AA.

A recent phase 2/3 study demonstrated that romiplostim
is effective in restoring blood cell counts in patients with AA
who are refractory to, or ineligible for, IST,” suggesting that
romiplostim plus ciclosporin A (CsA) may offer a therapeu-
tic benefit in ATG-naive patients. Accordingly, this phase
2/3 clinical trial was conducted to evaluate the efficacy,
safety and pharmacokinetics of romiplostim in patients with
A A who had not previously received IST.

METHODS
Patients

This phase 2/3 study included patients with AA from Japan
(=20years) and Korea (=19 years) who required IST. Inclusion
and exclusion criteria are provided in the Supporting
Information text.

Screening period Romiplostim administration Follow-up
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5 a 5-6 mg/kg/day
e =8
3 ® g
S > g | 3
S g 8 Romiprostim: Day 1-Week 26
§ 2 - Initial dose: 10 pg/kg subcutaneous QW End-of-study
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FIGURE 1 Study design. Q2W, biweekly; QW, once weekly.
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Study design and intervention

This multinational, open-label, phase 2/3 study with an
intra-patient dose adjustment of romiplostim comprised a
screening period, treatment period, and follow-up period
(Figure 1). Patients underwent the end-of-study examination
at Week 30 and completed the study. No randomisation or
blinding procedure was used.

Romiplostim was started at 10pug/kg once weekly; the
dose was fixed from Day 1 to Week 4. From Week 5 onwards,
the dose was adjusted between 0 and 20 pg/kg, according to
the criteria described in the Supporting Information text,
to obtain an adequate haematological response. When the
531-004 response assessment criteria for complete response
(CR) were met for 4 consecutive weeks on or after Week 14,
the dose of romiplostim was changed to once every 2 weeks.
Thereafter, the dosage was maintained if the criteria for CR
were met with no safety concerns. Patients received CsA at a
daily initial dose of 5 or 6 mg/kg in two divided doses, at least
from Day 1 to Week 26, which could be interrupted at any
time for safety reasons. CsA plasma levels were not evaluated.

The study was conducted after obtaining ethical approval
from the institutional review boards, per the principles de-
scribed in the Declaration of Helsinki, and in compliance
with the good clinical practice guidelines of the International
Conference on Harmonisation and all applicable domestic
and local laws. This clinical trial is registered with ClinicalTr
ials.gov (NCT04095936).

Efficacy outcomes

The primary efficacy end-point was the achievement of over-
all response (OR) defined as CR plus partial response (PR)
of the haematological response at Week 27 (Table S1). The
secondary efficacy end-points were: OR at Week 14, time to
OR at each evaluation time point until Week 27, the dura-
tion of haematological response until Week 27 and maxi-
mum duration during which OR was continuously achieved
until Week 27; decrease in platelet or erythrocyte transfusion
requirements/platelet or erythrocyte transfusion independ-
ence at Week 27 (Supporting Information text; Table S2); and
changes from baseline in platelet count, haemoglobin con-
centration, neutrophil count and reticulocyte count at each
evaluation time point until Week 27.

Safety

The safety outcomes in terms of adverse events (AEs) for
the safety analysis set included treatment-emergent AEs
(TEAEs), drug-related TEAEs (TEAEs for which a causal
relationship with romiplostim was assessed as ‘related’),
Grade 23 TEAEs and serious AEs (SAEs) (Supporting
Information text). Other safety outcomes included clinical
laboratory data, vital signs, standard 12-lead electrocardio-
grams, transformation into acute myeloid leukaemia and/or

myelodysplastic syndromes (MDS), bone marrow cellularity
and reticulin and paroxysmal nocturnal haemoglobinuria-
type blood cells. All patients were tested for anti-romiplostim
antibody and TPO antibodies at Weeks 1, 13 and 27. Reticulin
grade was assessed at baseline and Week 27. Chromosomal
abnormalities were evaluated using G-banding and fluores-
cence in situ hybridisation analyses.

Pharmacokinetics and immunogenicity
end-point

The pharmacokinetics and immunogenicity end-points
are expressed as serum romiplostim concentration, anti-
romiplostim antibody and anti-TPO antibody respectively.

Statistical methods

A meta-analysis of ATG and CsA indicated a response rate of
approximately 50% at 6 months."” The expectation was that
the combination of CsA and romiplostin would yield a simi-
lar response rate while achieving a threshold of 20% higher
than the monotherapy response rate of 17.9% observed with
ATG.? To achieve this, a sample size of 24 patients was deter-
mined to provide over 80% power for the study." To achieve
a SAA to very severe AA (VSAA) patient ratio of at least
>70%, the number of patients diagnosed with non-severe AA
(NSAA, AA that did not meet the criteria for SAA/VSAA) at
enrolment was not expected to exceed seven in both Japan
and Korea. The response rate after 6 months of ATG/CsA
treatment in ATG-naive AA patients ranged from 33% to
57%, while that in Japan was 17.9% at 6 months.*® Therefore,
for the present study, the threshold proportion was set at 20%.

Descriptive statistics were used to summarise categorical
data and continuous variables. A two-sided p-value of <0.05
was considered significant. All analyses were performed
using Covance's SAS Environment (Version 9.4 or later) of the
SAS® statistical software (SAS Institute Inc., Cary, NC, USA).

The preplanned analytical populations were (a) the full
analysis set, including all enrolled patients except those who
had never been exposed to romiplostim and those without
evaluable efficacy variables, that is, platelet count, haemo-
globin concentration, neutrophil count or reticulocyte count
after romiplostim administration; (b) the safety analysis set,
including all enrolled patients except those who had never
been exposed to romiplostim; and (c) the pharmacokinetic
analysis set, including all enrolled patients except those who
had never been exposed to romiplostim and never under-
went pharmacokinetic blood sampling after romiplostim
administration.

RESULTS

The disposition of patients and reasons for withdrawal are il-
lustrated in Figure S1. Thirty-one patients were screened and
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24 (nine from Japan and 15 from Korea) were enrolled. All 24
patients were included in all the analysis sets, 22 (91.7%) pa-
tients completed the treatment period and two (from Korea)
discontinued treatment (one due to AEs and the other due to
death after romiplostim discontinuation).

At the time of enrolment, the median age of the patients
was 52 (range, 19-80) years; most patients (75.0%) were aged
<65years; 58.3% of patients were female (Table 1). The me-
dian time since diagnosis was 24.0 (range, —8 to 7374) days.
Regarding AA severity, four (16.7%) patients had VSAA, 13
(54.2%) had SAA and seven (29.2%) had NSAA.

For the primary end-point, the OR was 29.2% (7/24, 95%
confidence interval [CI], 12.6%-51.1%) at Week 14 and 41.7%
(10/24, 95% CI, 22.1%-63.4%) at Week 27 (Table 2). The hae-
matological responses according to the severity subgroup
were 0/4 (0%), 6/13 (46.2%) and 4/7 (57.1%) patients in the
VSAA, SAA and NSAA groups, respectively, achieving OR
at Week 27. At Week 27, the ORs were 58.3% (7/12 patients)
and 25.0% (3/12 patients) for patients with baseline reticu-
locytes >0.02/L and <0.02/L, respectively; and 44.4% (8/18
patients) for patients aged <65 years and 33.3% (2/6 patients)
for those aged =65 years (Table S3). In addition, the duration
of haematological response until Week 27 was investigated;
the mean +SD value of maximum duration of response was
92.2+39.9days.

At Week 27, 14/19 (73.7%) patients who received plate-
let transfusion prior to the first dose of romiplostim had
decreased platelet transfusion requirements, whereas eight
(42.1%) achieved platelet transfusion independence (Table 3).

TABLE 1 Baseline characteristics of patients at the time of enrolment
(safety analysis set).

Characteristic Total (N=24)
Median (range) age, years 52 (19-80)
Female/male, n (%) 14/10 (58.3/41.7)
Asian ethnicity, n (%) 24 (100.0)

Median (range) body mass index, 24.3 (16.7-31.8)

kg/m”
Median (range) time since 24.0 (-8 to 7374)
diagnosis,” days

Aplastic anaemia severity, 1 (%)

Non-severe 7 (29.2)
Severe 13 (54.2)
Very severe 4(16.7)

ECOG score 0/1, n (%) 12/12 (50.0/50.0)
Prior transfusion required, n (%)
Platelets

Red blood cells

19 (79.2)
22 (91.7)
0.0115 (0.001-0.039)
0.000453 (0.000028-0.00195)
0.020957 (0.0025-0.1573)

Median (range) platelet count, /L
Median (range) neutrophil count, /L

Median (range) reticulocyte
count, /L

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
“Four patients were definitively diagnosed with aplastic anaemia after enrolment.
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At Week 27, 15/22 (68.2%) patients who received erythrocyte
transfusion prior to the first dose of romiplostim had de-
creased erythrocyte transfusion and nine (40.9%) achieved
erythrocyte transfusion independence.

The mean platelet count increased to a maximum
of 0.069385+0.077894/L (n=13) at Week 8 and was
0.054000+0.040792/L (n=16) at Week 27 (Figure 2A). The
mean haemoglobin concentration increased to a maximum
of 11.37+1.77 g/dL (n=3) at Week 2 and was 10.39+1.89 g/dL
(n=12) at Week 27 (Figure 2B). The mean reticulocyte count
increased to a maximum of 0.076647 +0.041870/L (n=20) at
Week 23 and was 0.070128 £0.035350/L (n=22) at Week 27
(Figure 2C). The mean neutrophil count increased to a max-
imum of 0.001716 +£0.000899/L (n=17) at Week 10 and was
0.001552+0.000846/L (n=21) at Week 27 (Figure 2D).

Overall, 22/24 (91.7%) patients experienced at least one
TEAE, and three (12.5%) patients experienced at least one
drug-related TEAE as judged by the investigator. The most
frequently reported TEAEs were nausea (7/24 patients,
29.2%); headache (6/24, 25.0%); dyspepsia (5/24, 20.8%); ab-
dominal pain and hypomagnesaemia (4/24, 16.7% each); and
arthralgia, constipation and diarrhoea (3/24, 12.5% each)
(Table 4). The drug-related TEAEs were nausea, liver func-
tion test abnormal and coagulation test abnormal which oc-
curred in one patient (4.2%) each.

TEAEs Grade >3 were reported in nine (37.5%) patients;
the most common was febrile neutropenia (2/24, 8.3%)
(Table S4). No drug-related Grade >3 TEAEs were reported.
Of the 17 patients with VSAA/SAA, two (11.8%) experienced
AEs related to the romiplostim+CsA combination. Drug-
related AEs were reported in 0% (0/4) patients with VSAA,
15.4% (2/13) patients with SAA and 14.3% (1/7) patients with
NSAA.

The TEAEs leading to death were pneumonia and pneu-
monia fungal (one patient; 5.9% each), which were con-
sidered unrelated to romiplostim. Other serious TEAEs
occurred in seven patients (29.2%); none were considered
related to romiplostim. The SAE of MDS that occurred in
one patient (4.2%) was considered related to romiplostim by
the sponsor. No other significant TEAEs were reported.

No chromosomal abnormality was detected by fluo-
rescence in situ hybridisation analyses for chromosome
7. G-banding revealed no chromosomal abnormalities at
screening. Chromosomal abnormalities were observed in
three patients at Week 27. In the first patient, 46, Y, add(X)
(g22), —4, +mar [1] and 46, XY [19] were detected in 20 divid-
ing cells, and the investigator considered this abnormality
to be unrelated to treatment with romiplostim. The second
patient had 46, XX, t(12;20)(q21;q11.2) [6] and 46, XX [14]
in 20 dividing cells, and the investigator considered that the
clinical significance of this abnormality was unknown. The
third patient (4.2%) had 46, XX, del(13)(q12q22) [6] and 46,
XX [14] in 20 dividing cells, and the investigator reported
this patient for the SAE of MDS. The Efficacy and Safety
Assessment Committee concluded that this chromosomal
abnormality was likely to be related to MDS. This patient
showed no response at Week 27 and their haematological
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TABLE 2 Haematological response according to severity subgroup at Weeks 14 and 27.
VSAA (n=4) SAA (n=13) NSAA (n=7) VSAA +SAA (n=17) Total
Response assessment at Week 14
Response, 1 (%)
CR 0(0.0) 1(7.7) 1(14.3) 1(5.9) 2(8.3)
PR 0(0.0) 2 (15.4) 3 (42.9) 2(11.8) 5(20.8)
NR 4 (100.0) 10 (76.9) 3(42.9) 14 (82.4) 17 (70.8)
Overall response (CR +PR) 0 (0.0) 3(23.1) 4 (57.1) 3(17.6) 7 (29.2)
95% confidence interval 0.0, 60.2 5.0,53.8 18.4,90.1 3.8,43.4 12.6,51.1
Response assessment at Week 27
Response, 1 (%)
CR 0(0.0) 0(0.0) 3(42.9) 0 (0.0) 3(12.5)
PR 0(0.0) 6 (46.2) 1(14.3) 6(35.3) 7(29.2)
NR 4 (100.0) 7 (53.8) 3(42.9) 11 (64.7) 14 (58.3)
Overall response (CR +PR) 0 (0.0) 6 (46.2) 4 (57.1) 6 (35.3) 10 (41.7)
95% confidence interval 0.0, 60.2 19.2,74.9 18.4,90.1 14.2,61.7 22.1,63.4

Abbreviations: CR, complete response; NR, no response; NSAA, non-severe aplastic anaemia; PR, partial response; SAA, severe aplastic anaemia; VSAA, very severe aplastic

anaemia.

TABLE 3 Summary of independence of transfusion at Week 27 from
baseline (full analysis set).

Total (N=24)

n (%)
Platelet transfusion dependence at baseline 19 (79.2)
Independence of platelet transfusion 8 (42.1)*
Erythrocyte transfusion dependence at 22 (91.7)
baseline
Independence of erythrocyte transfusion 9 (40.9)

“Denominators for percentages of platelet and erythrocyte transfusion are based
on the number of patients with platelet and erythrocyte transfusion dependence at
baseline, respectively.

parameters are shown in Table S5. There were no transfor-
mations into acute myeloid leukaemia. Overall, there was
no significant difference in the incidence of TEAEs between
Japan and Korea, confirming acceptable safety in patients of
both countries.

Mean trough serum concentrations of romiplostim in-
creased initially and remained almost constant after Week
4 (range: 1297.05-1601.83 pg/mL). One patient tested posi-
tive for anti-romiplostim binding antibodies at Week 27 but
tested negative for anti-romiplostim neutralising antibodies.
One patient tested positive for anti-TPO-binding antibod-
ies at Week 1 but tested negative for anti-TPO-neutralising
antibodies.

DISCUSSION

This study was the first of its kind to assess the efficacy of
romiplostim in combination with CsA in patients in Japan
and Korea with AA who were not previously treated with

IST. The efficacy of romiplostim was demonstrated, with 10
patients achieving a CR or PR at Week 27, resulting in an OR
of 41.7% (95% CI, 22.1%-63.4%). Notably, the lower limit of
the 95% CI exceeded the prespecified threshold value of 20%.
Because the OR of the combination of romiplostim + CsA in
NSAA patients was 57.1% in the present study, we believe
that this two-drug combination therapy can be considered
as a new treatment option for patients with less severe
disease or those who are ineligible for, or intolerant to, ATG.
However, this combination of romiplostim + CsA may not be
recommended over ATG-including regimens for VSAA or
SAA patients because of the relatively low OR of 35.3% at
Week 27 (Graphical Abstract).

A previous retrospective study found a CR and OR of
27.3% and 60.6%, respectively, at 6 months in patients treated
with eltrombopag+CsA,*" which are higher than those
observed in the current study at Week 27 (CR 12.5% and
OR 41.7%). The difference may be attributed to variations
in the study design, such as the use of eltrombopag versus
romiplostim, differences in CsA dosage or differences in
the prevalence of paroxysmal nocturnal haemoglobinuria
(PNH) clones and gene mutations, which were not evaluated
in this study.*

In the SOAR (Activity and safety of Eltrombopag in
combination with cyclosporin A as first-line treatment of
adults with severe aplastic anaemia) study,”” treatment-
naive patients with SAA received eltrombopag+ CsA for
6 months, with responders continuing CsA therapy for an
additional 18 months. The OR by and at 6-month in SAA
patients was 46% and 37.0% respectively. In our study,
the OR at Week 27 was 41.7%, which is comparable to
the OR at 6 months (37.0%) reported in the SOAR study.
Both studies had a comparable incidence of Grade >3 AEs.
Common TEAEs observed in our study included nausea
(29.2%), headache (25.0%) and dyspepsia (20.8%). Aside
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FIGURE 2 Change in haematological parameters throughout the study (mean +standard deviation) (A) platelet count, (B) haemoglobin
concentration, (C) reticulocyte count and (D) neutrophil count.

from nausea (30%) and diarrhoea (22%), the SOAR study outcomes are similar to those found in the SOAR study. In
also reported increased serum bilirubin (41%) and ala- contrast, our results are inferior to other studies in which
nine aminotransferase concentration (22%).* Our study's ~ ATG combined with CsA and eltrombopag demonstrated
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TABLE 4 Summary of TEAEs with an incidence of 210% in the
safety analysis set.

Total (N=24)

n (%)
Patients with any TEAE 22(91.7)
Gastrointestinal disorders 14 (58.3)
Nausea 7 (29.2)
Dyspepsia 5(20.8)
Abdominal pain 4(16.7)
Constipation 3 (12.5)
Diarrhoea 3 (12.5)
Metabolism and nutrition disorders 6 (25.0)
Hypomagnesaemia 4(16.7)
Musculoskeletal and connective tissue disorders 7 (29.2)
Arthralgia 3 (12.5)
Nervous system disorders 7 (29.2)
Headache 6 (25.0)

Note: n indicates the number of patients in each category. Percentages were
calculated as 100 x (n/N). This table contains counts of patients and lists only PTs
with incidences 210%. If a patient experienced more than one episode of an adverse
event, the patient was counted only once within a PT. If a patient experienced >1
adverse event within a SOC, the patient was counted once for each PT and once for
the SOC.

Abbreviations: PT, preferred term; SOC, system organ class; TEAE, treatment-
emergent adverse event.

superior ORs,”® which were further supported by find-
ings from the RACE (Randomized Multicenter Trial
Comparing Horse ATG plus Cyclosporine with or without
Eltrombopag as First-Line) study.”* Therefore, our find-
ings suggest that romiplostim may serve as a viable option
only in cases where ATG-based regimens are not feasible.
Despite these limitations, our results reinforce the safety
and efficacy of romiplostim as an alternative therapeutic
option for SAA.

The incidence of chromosomal abnormalities in this
study was consistent with those previously reported in
studies from Japan and Korea, which reported abnormal-
ities of chromosome 7 in 0/17*° and 1/31° patients after
romiplostim administration. Imada et al. observed a sim-
ilar lower incidence of cytogenetic abnormalities in 1/11
patients treated with ATG/CsA and eltrombopag.®® In con-
trast, Townsley et al. found the incidence of clonal cytoge-
netic evolution with the addition of eltrombopag to IST at
2years was 8%, including 5.4% (5/92 cases) with chromo-
some 7 abnormalities.”” Patel et al. recently reported that
5.7% of patients experienced clonal cytogenetic evolution
over 4years. While relapse and high-risk evolution rates
were similar to historical controls, these events occurred
earlier in patients treated with IST and eltrombopag.”’
Research has shown that clonal evolution among Japanese
patients ranges from 3% to 5%, significantly lower than the
10-15% observed in patients from Western nations.”*** In
Asian countries, the prevalence of secondary clonal disor-
ders in patients treated with ATG/CsA may be lower than

in patients in Western countries, regardless of the inclu-
sion of TPO-RA.

Although three-drug combination therapy remains
the preferred treatment approach for SAA and VSAA be-
cause of higher response rates, this study demonstrates that
CSA +romiplostim, similar to CSA +eltrombopag, is a safe
and effective alternative for patients who cannot receive ATG
(OR: 57.1% in NSAA and 46.2% in SAA). Even in patients
with severe disease, milder AEs were observed with romi-
plostim + CsA'® than with the romiplostim+CsA+ATG
regimen.’ However, it should be noted that no efficacy was
observed in patients with VSAA in this study. Because the
use of ATG is associated with AEs, such as anaphylaxis and
serum sickness,” this combination therapy could represent a
new option for patients with less severe disease or those who
are ineligible for, or intolerant to, ATG.

Limitations

This study had some limitations, such as its single-arm
design. The generalisability of the results is difficult because
of the inclusion of only Japanese and Korean patients, a
relatively small sample size, and a limited follow-up period.
CsA was administered from Day 1 to Week 26, but this
study did not evaluate CsA plasma levels. We were unable
to determine whether romiplostim+CsA therapy elicits
a delayed response in patients who did not respond by
Week 27 because these patients received ATG-containing
regimens or other treatments following this study, in
accordance with guidelines for AA treatment in Japan and
Korea. The durability of the response of CsA +romiplostim
was not evaluated in this study, and thus, future research
should investigate this. Finally, this study did not determine
the prevalence of PNH clones at baseline. Nearly half of
the patients with AA could have small PNH clones at
diagnosis.’>*" PNH clones may have clinical implications
for these patients as this can affect treatment response,
thrombosis or evolution to haemolytic PNH, and thus
should be included in future research.

CONCLUSIONS

This phase 2/3 study demonstrates the overall efficacy
and safety of CsA combined with romiplostim in patients
previously untreated with IST. No clinically significant
TEAEs were reported, and the combination was found to be
safe and tolerable as a first-line treatment for patients with
AA. Further studies are needed to clarify the long-term
efficacy of romiplostim and CsA combination therapy.

AUTHOR CONTRIBUTIONS

J. W. Lee, J. H. Jang, M. Noshiro, K. Mitani and S. Nakao
contributed to the study design. J. W. Lee, J. H. Jang, A.
Matsuda, K. Ozawa, K. Mitani, Y. Kanda and S. Nakao
participated in the analysis and interpretation of the data

85U8017 SUOWWIOD BAII8.D 3(edl|dde auy Aq peusenob ke o e YO 8sn Jo Sa|nJ Joj Akeid8UIIUO AB|IM UO (SUORIPUOD-PUR-SLLIBI WD A8 | 1M ARe.d 1 jBul[UO//:SNLY) SUORIPUOD Pue SIS | &) 88S *[S5202/2T/20] Uo Ariqiauliuo Ao|im ‘Ariqi AiseAluN suewom eym3 Aq 90202 U 0/TTTT 0T/I0p/W00 A8 1M Aselq 1 pul|uo//Sdily Wwo.j pepeo|umod ‘g ‘6202 ‘TrTZS9ET



LEE ET AL.

BJHaem Mk

and writing the manuscript. All authors reviewed the
manuscript, approved the final version and supported this
publication. J. H. Jang was responsible for the decision to
submit the manuscript.

ACKNOWLEDGEMENTS

The authors wish to thank Aafreen Saiyed of Edanz (www.
edanz.com) for providing medical writing support, which
was funded by Kyowa Kirin Co., Ltd., in accordance with
Good Publication Practice (GPP 2022) guidelines (https://
www.ismpp.org/gpp-2022).

FUNDING INFORMATION
This research was funded by Kyowa Kirin Co., Ltd.

CONFLICT OF INTEREST STATEMENT

JWL received grants or contracts from Alexion
Pharmaceuticals, Inc. and Kyowa Kirin Co., Ltd.; consult-
ing fees from Alexion Pharmaceuticals, Inc., Kyowa Kirin
Co., Ltd. and Sanofi K.K.; and payment or honoraria from
Alexion Pharmaceuticals, Inc., Kyowa Kirin Co., Ltd. and
Sanofi K.K. SC received grants or contracts from Kyowa
Kirin Co., Ltd., Chugai Pharmaceutical Co., Ltd., Eisai
Co., Ltd., Astellas Pharma Inc. and Thyas Co., Ltd.; pay-
ment or honoraria from Sanofi K.K., Kyowa Kirin Co., Ltd.,
AstraZeneca K.K., Chugai Pharmaceutical Co., Ltd., Meiji
Seika Pharma Co., Ltd., Nippon Kayaku Co., Ltd., Astellas
Pharma Inc., Novartis Pharma K.K., PharmaEssentia Japan
K.K., Takeda Pharmaceutical Co., Ltd., Nippon Shinyaku
Co., Ltd. and Asahi Kasei Pharma Corporation; and sup-
port for attending meetings and/or travel from Kyowa Kirin
Co., Ltd. KU received grants or contracts from Astellas
Pharma Inc., AbbVie G.K., Bristol-Myers Squibb K.K., Ono
Pharmaceutical Co., Ltd., Otsuka Pharmaceutical Co., Ltd.,
Chugai Pharmaceutical Co., Ltd., Apellis Pharmaceuticals,
Inc., Yakult Honsha Co., Ltd, MSD KUK, Alexion
Pharmaceuticals, Inc., Incyte Biosciences Japan G.K., Eisai
Co., Ltd., Kyowa Kirin Co., Ltd., Sanofi K.K., Celgene K.K.,
Daiichi Sankyo Co., Ltd., Nippon Shinyaku Co., Ltd., Novartis
Pharma K.K., Takeda Pharmaceutical Co., Ltd., Ohara
Pharmaceutical Co., Ltd., and Pfizer Japan Inc.; consulting
fees from Alnylam Japan K.K., Chugai Pharmaceutical Co.,
Ltd., Ohara Pharmaceutical Co., Ltd., and SobiTM Japan; and
payment or honoraria from Novartis Pharma K.K., AbbVie
G.K., Alexion Pharmaceuticals, Inc., Incyte Biosciences
Japan G.K., Ono Pharmaceutical Co., Ltd., Kyowa Kirin Co.,
Ltd., Sanofi K.K., Takeda Pharmaceutical Co., Ltd., Nippon
Shinyaku Co., Ltd., Bristol-Myers Squibb K.K., Amgen K.K.,
Asahi Kasei Pharma Corporation, AstraZeneca K.K., Chugai
Pharmaceutical Co., Ltd., Eisai Co., Ltd., Meiji Seika Pharma
Co., Ltd., Otsuka Pharmaceutical Co., Ltd., PharmaEssentia
Japan K.K. and Janssen Pharmaceutical K.K. KI received pay-
ment or honoraria from Meiji Seika Pharma Co. Ltd., Janssen
Pharmaceutical K.K., Towa Pharmaceutical Co., Ltd., Takeda
Pharmaceutical Co. Ltd., Alexion Pharmaceuticals, Inc.,
AbbVie G.K., Astellas Pharma Inc., Amgen K.K., AstraZeneca
K.K., Daiichi Sankyo Co., Ltd., Gilead Sciences K.K.,

BRITISH JOURNAL OF HAEMATOLOGY

PharmaEssentia Japan K.K., Kyowa Kirin Co., Ltd., Novartis
Pharma K.K., Sanofi K.K., Asahi Kasei Pharma Corporation,
Nippon Kayaku Co., Ltd., Nippon Shinyaku Co., Ltd., Eisai
Co., Ltd., Genmab K.K., Chugai Pharmaceutical Co., Ltd.,
Bristol-Myers Squibb K.K., Ono Pharmaceutical Co. Ltd.,
and Otsuka Pharmaceutical Co. Ltd. MN is an employee
of Kyowa Kirin Co., Ltd. AM received consulting fees from
Kyowa Kirin Co., Ltd.; payments or honoraria from Alexion
Pharmaceuticals, Inc., Nippon Shinyaku Co., Ltd., Sumitomo
Dainippon Pharma Co., Ltd., Novartis Pharma K.K. and
Chugai Pharma Co., Ltd.; and participation on a Data Safety
Monitoring Board or Advisory Board from Kyowa Kirin Co.,
Ltd. KO received consulting fees from Kyowa Kirin Co., Ltd.
KM received grants or contracts from Kyowa Kirin Co., Ltd.,
Chugai Pharmaceutical Co., Ltd., Otsuka Pharmaceutical
Co., Ltd., Taiho Pharmaceutical Co., Ltd., Sumitomo Pharma
Co., Ltd; consulting fees from Bristol-Myers Squibb K.K.,
Kyowa Kirin Co., Ltd., and Otsuka Pharmaceutical Co., Ltd,;
payment or honoraria from Bristol-Myers Squibb K.K., and
Kyowa Kirin Co., Ltd.; and participation on a Data Safety
Monitoring Board or Advisory Board from Novartis Pharma
K.K., and Ono Pharmaceutical Co., Ltd. YK received pay-
ment or honoraria from Novartis Pharma K.K., Kyowa Kirin
Co., Ltd., Sanofi K.K., and Pfizer Japan Inc.; support for at-
tending meetings and/or travel from Pfizer Japan Inc.; and
participation on a Data Safety Monitoring Board or Advisory
Board from Kyowa Kirin Co., Ltd. SN received payment or
honoraria from Kyowa Kirin Co., Ltd. JHJ, S-SY, GO, Y-CM,
TK and J-WC report no competing interests.

DATA AVAILABILITY STATEMENT

The datasets generated and/or analysed will be available in
the Vivli repository, https:/vivli.org/ourmember/kyowa-
kirin/, as long as the conditions of data disclosure specified
in the policy section of the Vivli website are satisfied.

TRIAL REGISTRATION
ClinicalTrials.gov; NCT04095936.

ORCID

Jun Ho Jang @ https://orcid.org/0000-0001-7423-4676
Shigeru Chiba @ https://orcid.org/0000-0001-7803-7338
Shinji Nakao © https://orcid.org/0000-0002-9674-624X

REFERENCES

1. Young NS. Aplastic Anemia. N Engl ] Med. 2018;379(17):1643-56.

2. Nakao S, Kojima S, Hama A, Ohashi H, Ohara A, Usuki K, et al.
Reference guide for aplastic anaemia treatment, reference guide for
treatment of idiopathic hematopoietic disorders (2018 revised edi-
tion). Tokyo: Health and Labor Sciences Research Grant, Intractable
Disorder Policy Research Project, Research Group on Survey
Regarding Idiopathic Hematopoietic Disorders (Chief researcher:
Toshiya Arai). 2018.

3. Kulasekararaj A, Cavenagh J, Dokal I, Foukaneli T, Gandhi S, Garg
M, et al. Guidelines for the diagnosis and management of adult
aplastic anaemia: a British Society for Haematology guideline. Br J
Haematol. 2024;204(3):784-804.

4. Peslak SA, Olson T, Babushok DV. Diagnosis and treatment of aplastic
anemia. Curr Treat Options in Oncol. 2017;18:1-20.

85U8017 SUOWWIOD BAII8.D 3(edl|dde auy Aq peusenob ke o e YO 8sn Jo Sa|nJ Joj Akeid8UIIUO AB|IM UO (SUORIPUOD-PUR-SLLIBI WD A8 | 1M ARe.d 1 jBul[UO//:SNLY) SUORIPUOD Pue SIS | &) 88S *[S5202/2T/20] Uo Ariqiauliuo Ao|im ‘Ariqi AiseAluN suewom eym3 Aq 90202 U 0/TTTT 0T/I0p/W00 A8 1M Aselq 1 pul|uo//Sdily Wwo.j pepeo|umod ‘g ‘6202 ‘TrTZS9ET


http://www.edanz.com
http://www.edanz.com
https://www.ismpp.org/gpp-2022
https://www.ismpp.org/gpp-2022
https://vivli.org/ourmember/kyowa-kirin/
https://vivli.org/ourmember/kyowa-kirin/
http://clinicaltrials.gov
https://orcid.org/0000-0001-7423-4676
https://orcid.org/0000-0001-7423-4676
https://orcid.org/0000-0001-7803-7338
https://orcid.org/0000-0001-7803-7338
https://orcid.org/0000-0002-9674-624X
https://orcid.org/0000-0002-9674-624X

590

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

PHASE 2/3 STUDY OF ROMIPLOSTIM WITH CICLOSPORIN A

Pierri F, Dufour C. Management of aplastic anemia after fail-
ure of frontline immunosuppression. Expert Rev Hematol.
2019;12(10):809-19.

Shin SH, Lee JW. The optimal immunosuppressive therapy for aplas-
tic anemia. Int ] Hematol. 2013;97(5):564-72.

Thymoglobulin®. Prescribing information [Internet]. 2023 [cited 2023
May 8]. Available from: https://products.sanofi.us/thymoglobulin/
thymoglobulin.pdf

Tichelli A, Soci¢ G, Henry-Amar M, Marsh ], PasswegJ, Schrezenmeier
H, et al. Effectiveness of immunosuppressive therapy in older patients
with aplastic anemia. Ann Intern Med. 1999;130(3):193-201.

Jang JH, Tomiyama Y, Miyazaki K, Nagafuji K, Usuki K, Uoshima
N, et al. Efficacy and safety of romiplostim in refractory aplastic
anaemia: a phase II/III, multicentre, open-label study. Br ] Haematol.
2021;192(1):190-9.

Lee JW, Lee SE, Jung CW, Park S, Keta H, Park SK, et al. Romiplostim
in patients with refractory aplastic anaemia previously treated with
immunosuppressive therapy: a dose-finding and long-term treatment
phase 2 trial. Lancet Haematol. 2019;6(11):e562-e572.

Bussel JB, Soff G, Balduzzi A, Cooper N, Lawrence T, Semple JW. A
review of romiplostim mechanism of action and clinical applicability.
Drug Des Devel Ther. 2021;15:2243-68.

Chouhan JD, Herrington JD. Treatment options for chronic refrac-
tory idiopathic thrombocytopenic purpura in adults: focus on romi-
plostim and eltrombopag. Pharmacotherapy. 2010;30(7):666-83.
Keating GM. Romiplostim: a review of its use in immune thrombocy-
topenia. Drugs. 2012;72:415-35.

Amgen Med Info. Nplate (romiplostim) product information
[Internet]. [cited 2023 Feb 27]. Available from: https://www.guildlink.
com.au/gc/ws/amgen/pi.cfm?product=anpnplap10414

Romiplate® subcutaneous injection interview form [In Japanese].
Kyowa Kirin Co., Ltd.; 2023 [cited 2023 May 8]. Available from:
https://medical.kyowakirin.co.jp/site/drugpdf/interv/rpt_in.pdf
European Medicines Agency. Nplate (romiplostim): EU summary of
product characteristics [Internet]. [cited 2023 Feb 27]. Available from:
https://www.ema.europa.eu/en/medicines/human/EPAR/nplate
Pharmaceuticals and Medical Devices Agency. Romiplate (romiplos-
tim): EU summary of product characteristics [Internet]. [cited 2023
Feb 27]. Available from: https://www.pmda.go.jp/files/000236502.pdf
Hosokawa K, Yamazaki H, Tanabe M, Imi T, Sugimori N, Nakao
S. High-dose romiplostim accelerates hematologic recovery in pa-
tients with aplastic anemia refractory to eltrombopag. Leukemia.
2021;35(3):906-9.

Hayakawa J, Kanda J, Akahoshi Y, Harada N, Kameda K, Ugai T,
et al. Meta-analysis of treatment with rabbit and horse antithymocyte
globulin for aplastic anemia. Int ] Hematol. 2017;105:578-86.
Thymoglobuline® Rabbit anti-human thymocyte immunoglobu-
lin package insert [In Japanese]. [cited 2024 Nov 4]. Available from:
https://www.e-mr.sanofi.co.jp/dam/jcr:5f76bc45-77f3-4d47-b780-
b3ebf39f276b/thy_summary.pdf

Chen M, Liu Q, Gao Y, Suo X, Ding X, Wang L, et al. Cyclosporine
plus eltrombopag in the treatment of aplastic anemia with or without
antithymocyte immunoglobulin: a multicenter real-world retrospec-
tive study. Eur ] Haematol. 2023;111(3):407-13.

Scheinberg P, Finelli C, Montano-Figueroa EH, Vallejo C,
Norasetthada L, Calado RT, et al. Activity and safety of eltrombopag

23.

24.

25.

26.

27.

28.

29.

30.

31.

in combination with cyclosporin A as first-line treatment of adults
with severe aplastic anaemia (SOAR): a phase 2, single-arm study.
Lancet Haematol. 2024;11:e206-¢215.

Townsley DM, Scheinberg P, Winkler T, Desmond R, Dumitriu B,
Rios O, et al. Eltrombopag added to standard immunosuppression for
aplastic anemia. N Engl ] Med. 2017;376(16):1540-50.

Peffault de Latour R, Kulasekararaj A, Tacobelli S, Terwel SR, Cook R,
Griffin M, et al. Eltrombopag added to immunosuppression in severe
aplastic anemia. N Engl ] Med. 2022;386(1):11-23.

Yamazaki H, Lee JW, Jang JH, Sawa M, Kizaki M, Tomiyama Y, et al.
P827: efficacy and safety of romiplostim added to immunosuppres-
sive therapy as a first-line treatment in patients with aplastic anemia:
a phase 2/3 clinical trial. HemaSphere. 2022;6(Suppl):721-2.

Imada K, Obara N, Iida H, Imajo K, Maeda T, Usuki K, et al.
Eltrombopag in combination with rabbit anti-thymocyte globulin/
cyclosporine. A in immunosuppressive therapy-naive patients with
aplastic anemia in Japan. Intern Med. 2021;60(8):1159-68.

Patel BA, Groarke EM, Lotter J, Shalhoub R, Gutierrez-Rodrigues
F, Rios O, et al. Long-term outcomes in patients with severe aplastic
anemia treated with immunosuppression and eltrombopag: a phase 2
study. Blood. 2022;139(1):34-43.

Kojima S, Hibi S, Kosaka Y, Yamamoto M, Tsuchida M, Mugishima
H, et al. Immunosuppressive therapy using antithymocyte globu-
lin, cyclosporine, and danazol with or without human granulocyte
colony-stimulating factor in children with acquired aplastic anemia.
Blood. 2000;96(6):2049-54.

Hosokawa K, Mizumaki H, Yoroidaka T, Maruyama H, Imi T, Tsuji
N, et al. HLA class I allele-lacking leukocytes predict rare clonal evo-
lution to MDS/AML in patients with acquired aplastic anemia. Blood.
2021;137(25):3576-80.

Shah YB, Priore SF, Li Y, Tang CN, Nicholas P, Kurre P, et al. The
predictive value of PNH clones, 6p CN-LOH, and clonal TCR
gene rearrangement for aplastic anemia diagnosis. Blood Adv.
2021;5(16):3216-26.

Fattizzo B, Ireland R, Dunlop A, Yallop D, Kassam S, Large J, et al.
Clinical and prognostic significance of small paroxysmal nocturnal
hemoglobinuria clones in myelodysplastic syndrome and aplastic
anemia. Leukemia. 2021;35(11):3223-31.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Lee JW, Jang JH, Chiba S,
Yoon S-S, Oshikawa G, Usuki K, et al. Romiplostim
with ciclosporin A in patients with aplastic anaemia
naive to immunosuppressive therapy: A phase 2/3
study. Br ] Haematol. 2025;207(2):582-590. https://doi.
org/10.1111/bjh.20206

85U8017 SUOWWIOD BAII8.D 3(edl|dde auy Aq peusenob ke o e YO 8sn Jo Sa|nJ Joj Akeid8UIIUO AB|IM UO (SUORIPUOD-PUR-SLLIBI WD A8 | 1M ARe.d 1 jBul[UO//:SNLY) SUORIPUOD Pue SIS | &) 88S *[S5202/2T/20] Uo Ariqiauliuo Ao|im ‘Ariqi AiseAluN suewom eym3 Aq 90202 U 0/TTTT 0T/I0p/W00 A8 1M Aselq 1 pul|uo//Sdily Wwo.j pepeo|umod ‘g ‘6202 ‘TrTZS9ET


https://products.sanofi.us/thymoglobulin/thymoglobulin.pdf
https://products.sanofi.us/thymoglobulin/thymoglobulin.pdf
https://www.guildlink.com.au/gc/ws/amgen/pi.cfm?product=anpnplap10414
https://www.guildlink.com.au/gc/ws/amgen/pi.cfm?product=anpnplap10414
https://medical.kyowakirin.co.jp/site/drugpdf/interv/rpt_in.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/nplate
https://www.pmda.go.jp/files/000236502.pdf
https://www.e-mr.sanofi.co.jp/dam/jcr:5f76bc45-77f3-4d47-b780-b3ebf39f276b/thy_summary.pdf
https://www.e-mr.sanofi.co.jp/dam/jcr:5f76bc45-77f3-4d47-b780-b3ebf39f276b/thy_summary.pdf
https://doi.org/10.1111/bjh.20206
https://doi.org/10.1111/bjh.20206

	Romiplostim with ciclosporin A in patients with aplastic anaemia naïve to immunosuppressive therapy: A phase 2/3 study
	Summary
	INTRODUCTION
	METHODS
	Patients
	Study design and intervention
	Efficacy outcomes
	Safety
	Pharmacokinetics and immunogenicity end-point
	Statistical methods

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	TRIAL REGISTRATION
	ORCID
	REFERENCES


