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Abstract Darbepoetin alfa (DA) is a standard treatment
for anemia in lower-risk MDS. However, to date there has
been no comparative study to investigate the initial dos-
age. We, thus, conducted a randomized controlled trial to
elucidate the optimal initial dosage of DA. International
Prognostic Scoring System low or intermediate-1 risk
MDS patients with hemoglobin levels <9.0 g/dL, serum
erythropoietin levels <500 mIU/mL, and red blood cell
transfusion dependency were enrolled. Patients were rand-
omized to receive DA either at 60, 120, or 240 pwg/week for

Electronic supplementary material The online version of this
article (doi:10.1007/s12185-015-1862-5) contains supplementary
material, which is available to authorized users.

>4 Kinuko Mitani
kinukom-tky @umin.ac.jp

Jun Ho Jang

smcjunhojang @ gmail.com

Department of Hematology-Oncology, Samsung Medical
Center, Sungkyunkwan University School of Medicine,
Seoul, Korea

Department of Hematology and Oncology, Hiroshima
University Hospital, Hiroshima, Japan

Department of Hematology and Oncology, Osaka University
Graduate School of Medicine, Osaka, Japan

4 R&D Division, Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan

Department of Hematology/Oncology, Chonnam National
University Hwasun Hospital, Hwasun, Jeollanam-do, Korea

Akita University, Akita, Japan

Department of Hematology and Oncology, Dokkyo Medical
University School of Medicine, 880, Kitakobayashi,
Mibu-machi, Shimotsuga-gun, Tochigi 321-0293, Japan

Present Address: Department of Hematology, Juntendo
University School of Medicine, Tokyo, Japan

16 weeks followed by continuous administration with dose
adjustment up to 48 weeks. Of 17, 18, and 15 patients in
the 60, 120, and 240 g DA groups included in the efficacy
analysis, 64.7, 44.4, and 66.7 %, respectively, achieved
the primary endpoint (major or minor erythroid response),
while 17.6, 16.7, and 33.3 % achieved major erythroid
responses in the initial 16-week period. No clinically sig-
nificant safety concerns were identified. DA reduced the
transfusion requirements effectively and safely in transfu-
sion-dependent, lower-risk MDS patients. Given the high-
est achievement rate of the major erythroid response in the
240 g group and the absence of dose-dependent adverse
events, 240 pg weekly is the optimal initial dosage.

Keywords Myelodysplastic syndromes - MDS -
Darbepoetin alfa - Erythropoiesis-stimulating agent - EPO

Introduction

Myelodysplastic syndromes (MDS) consist of a diverse
group of clonal hematopoietic stem cell disorders charac-
terized by cytopenia associated with ineffective hemat-
opoiesis and progression to acute myeloid leukemia
(AML). Common clinical symptoms of MDS include
anemia, infections, and bleeding associated with cytope-
nia. Among those, symptoms of anemia such as dizziness,
shortness of breath, and fatigue are especially frequent.
Aggravation of anemia is a great stress on the circulatory
system due to the reduction of oxygen supply. Regular red
blood cell (RBC) transfusions are the major supportive care
for anemic patients with MDS. Chronic transfusion therapy
inevitably leads to secondary iron overload, which can
cause significant damage to many organs such as the liver,
heart, and endocrine system. A poor prognosis associated
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with an increased transfusion volume has been reported in
transfusion-dependent patients with MDS [1]. Although
excessive iron may be removed by iron chelation, gastro-
intestinal and/or renal adverse reactions sometimes prevent
continuous treatment.

Specific MDS treatment strategies based on the risk
stratification by the International Prognostic Scoring Sys-
tem (IPSS) [2] are recommended in the National Compre-
hensive Cancer Network (NCCN) Guidelines [3]. Treat-
ment to improve cytopenia is recommended for patients
with IPSS low or intermediate-1 risk. For patients with
intermediate-2 or high risk, the guidelines recommend radi-
cal treatment with a hematopoietic stem cell transplant or
treatment to decrease the blast count to delay the progres-
sion to AML.

Recombinant human erythropoietin (rHuEPO) used for
the treatment of MDS-related anemia has shown a sig-
nificantly higher erythroid response rate than placebo or
best supportive care [4—7]. Clinical trials of darbepoetin
alfa (DA), a long-acting erythropoiesis-stimulating agent
(ESA), have also been conducted [8—15]. A meta-analysis
reported a significantly higher erythroid response with
rHuEPO compared to a controlled drug and a compara-
ble erythroid response between rHUEPO and DA [16, 17].
Patients with MDS are known to have higher serum eryth-
ropoietin (EPO) levels than healthy adults [18]. Higher
serum EPO levels are inversely associated with a patient’s
response to ESAs [19]. A transfusion volume of less than
two units per month has been reported to be associated with
a greater improvement in anemia [20, 21]. Based on these
study reports, the NCCN Guidelines recommend ESAs as
a first-line treatment for MDS patients with IPSS low or
intermediate-1 risk, symptomatic anemia, and a serum EPO
level of <500 mIU/mL [3]. The recommended DA dosage
is 150-300 pg once weekly, based on reports of single-arm
clinical trials [8, 11].

Meanwhile, no prospective randomized controlled trial
to determine the optimal ESA dosage has yet been con-
ducted. Moreover, the efficacy and safety of ESAs in Jap-
anese or Korean patients with MDS have not been evalu-
ated. We thus conducted a randomized controlled trial in
Japanese and Korean transfusion-dependent patients to
determine the optimal dosage for DA treatment. DA phar-
macokinetics, patient survival, and AML progression were
also investigated.

Methods
Eligibility criteria

The main inclusion criteria for patients in this study were:
age of 20 years or older, IPSS low or intermediate-1 risk
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Fig. 1 Study design. DA darbepoetin alfa

MDS, RBC transfusion dependency with an RBC trans-
fusion-free period of less than 56 consecutive days within
a 112-day period, serum EPO levels of <500 mIU/mL,
hemoglobin (Hb) levels of <9 g/dL, and creatinine lev-
els of <2.0 mg/dL. Patients with cardiac problems, pre-
vious thrombotic events, a concurrent active infection or
a chronic inflammatory disease, anemia caused by other
conditions than MDS, and previous or concurrent active
malignancies were excluded. This study was conducted in
accordance with the Declaration of Helsinki. The institu-
tional review boards of the participating centers approved
the protocol, and informed consent was obtained from all
patients before beginning any study-related procedures.
This study has been registered at www.clinicaltrials.gov as
NCT01497145.

Study design

This was a multi-center (42 sites), randomized, open-label,
phase 2, comparative study conducted in Japan and Korea.
Patients were randomized via a dynamic allocation method
and were assigned to each DA cohort (60, 120, or 240 pg
DA) in a 1:1:1 ratio after stratification by ethnic groups
(Japanese, Korean) and serum EPO levels (<100 mIU/mL
or >100 mIU/mL) (Fig. 1).

Procedures

In the initial dose evaluation phase, DA was administered
at a dose of 60, 120, or 240 pg subcutaneously weekly
for 16 weeks. In the extended treatment evaluation phase
(week 17-48), the DA dose was adjusted to maintain the
major or minor erythroid response (based on changes in
Hb levels) at the discretion of the investigator if patients
showed (1) a major erythroid response (defined as not
requiring an RBC transfusion for at least 56 consecu-
tive days RBC transfusion independent) with a maximum
increase in the Hb level of >1.0 g/dL above baseline, or
(2) a minor erythroid response (defined as a >50 % reduc-
tion in RBC transfusion requirement during a 56-consec-
utive-day period as compared to baseline). If a patient did
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not exhibit a major or minor erythroid response, the DA
dose was increased every 8 weeks up to a highest dose
of 240 wg. When a patient showed a continuous major or
minor erythroid response during the study period, the dos-
ing frequency may be changed from a weekly to a biweekly
schedule after week 17 with a doubled dose. If the Hb level
exceeded 11.0 g/dL during the treatment period, DA was
temporally discontinued. Patients who achieved neither a
major nor a minor erythroid response after a 16-week treat-
ment period with DA at 240 pg weekly were withdrawn
from the study. Other ESAs or other drugs to treat MDS
were prohibited during the study period. Granulocyte col-
ony-stimulating factor was prohibited except for use for the
treatment of infections.

Blood samples were obtained weekly before DA admin-
istration. For pharmacokinetic analysis, blood samples
were obtained at weeks 1, 9, and 17 before DA administra-
tion, and 4, 24, 48, 72, 96, and 168 h after DA administra-
tion at week 1. Serum DA concentrations were measured
using the Quantikine® IVD® Erythropoietin ELISA kit
(R&D Systems; Minneapolis, MN, USA).

Anti-DA antibodies were tested at week 1, 17, and at the
end of the study.

Efficacy and safety measurements

The primary efficacy endpoint in this study was the propor-
tion of patients with a major or minor erythroid response
after 16 weeks of treatment. The proportion of patients with
a major erythroid response after 16 weeks of treatment,
the proportion of patients with a major or minor erythroid
response after 48 weeks of treatment, and changes in Hb
level were assessed as the secondary endpoints. The Can-
cer Therapy Evaluation Program Common Toxicity Crite-
ria version 4.0 was used to report adverse events. Anti-DA
antibody expression was also assessed. The 1-year overall
and AML-free survival rates of patients were investigated
in an outcome survey.

Data sets and statistical analysis

The target sample size was 45 patients (15 patients for
each dose group). In previous clinical studies, the erythroid
response rates in patients treated with DA doses of 120 and
240 g were 40 and 63 %, respectively [10, 11]. Based on
these data, we assumed that the erythroid response rate in
patients treated with 60 g DA would be 25 %. Basing the
calculations of the expected erythroid response rates on 15
patients per group, the erythroid response rate can be evalu-
ated with an accuracy of +12 % standard error. Regarding
the safety of DA, we calculated that the probability that
an adverse reaction with an incidence of 5 % would occur
in at least 1 of 45 patients treated with DA is 90 %. We

thus concluded that we would be able to detect any adverse
reactions with a relatively high incidence in our patient
group. In our study, the Safety Analysis Set was defined as
patients who received at least 1 dose of DA, whereas the
Per Protocol Set (PPS) excluded patients who received DA
doses for less than 12 weeks.

For the safety analysis, adverse events were coded
according to the Japanese version 16.1 of the Medical
Dictionary for Regulatory Activities, and the number of
patients for each adverse event was summarized by dose
group. All analyses were performed using the SAS soft-
ware (version 9.2).

For the pharmacokinetic analysis, the patients’ base-
line serum DA concentration was first subtracted from the
post-dose serum concentrations to adjust for baseline EPO
levels. Then, pharmacokinetic parameters were calculated
based on the corrected concentrations using the noncom-
partment model analysis (WinNonlin software version 6.1,
Pharsight Corp.; Mountain View, CA, USA). The maxi-
mum DA concentration (C,,,,), the time to reach the maxi-
mum concentration (,,,,), and the area under the concen-
tration—time curve from time zero to the last sampling point
(168 h) (AUC,,_,¢5) were assessed. Since the terminal phase
could not be reliably identified, only these parameters were
calculated.

Overall survival was defined as the time from the date
of treatment with the first DA dose to the date of death.
Patients who did not die were censored at the last date of
follow-up. AML-free survival was defined as the time from
the date of treatment with the first DA dose to the date at
which the patient’s progression to AML was observed.
Patients who did not progress to AML were censored at the
last date of follow-up. The overall survival and AML-free
survival rates were estimated by the Kaplan—-Meier method.

Results
Patients

A total of 52 patients (17, 18, and 17 patients receiving
60, 120, and 240 pg DA, respectively), were randomized
from December 2011 to February 2013 and received DA.
Two patients in the 240 g group who received an insuf-
ficient number of DA doses were excluded from PPS. Of
30 patients (10 patients in each dose group) whose serum
DA concentration was measured, 2 in 60 pg group and 1 in
240 pg group were excluded from pharmacokinetic analy-
sis set because their pharmacokinetic parameters could
not be calculated. This set included 4, 5, and 5 Japanese
patients, and 4, 5, and 4 Korean patients receiving 60, 120,
and 240 pg DA, respectively. Of the 52 enrolled patients,
1 in 60 g group did not provide consent to the outcome
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Fig. 2 Patient disposition.
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survey. The patient disposition is shown in Fig. 2. No sig-
nificant differences in the demographic factors and disease
characteristics were observed among the patients receiving
different DA doses (Table 1).

Efficacy

The proportion of patients achieving an erythroid
response during the initial dose evaluation phase (the
primary endpoint) was 64.7 % (11 of 17 patients) in the
60 g group, 44.4 % (8 of 18 patients) in the 120 pug
group, and 66.7 % (10 of 15 patients) in the 240 pg
group. The erythroid response rate was similar across the
three groups (Fig. 3).

The proportion of patients achieving a major eryth-
roid response during the initial dose evaluation phase was
17.6 % (3 of 17 patients) in the 60 pug group, 16.7 % (3
of 18 patients) in the 120 pwg group, and 33.3 % (5 of 15
patients) in the 240 g group. The response rate was higher
in the 240 pg group than in the other groups (Fig. 3). Dur-
ing the initial dose evaluation phase, the mean Hb levels
continued to rise over the first 2 weeks of DA treatment and
remained between 8.6 and 9.1 g/dL thereafter in the 240 pg
group, whereas they were slightly lower in the 60 pg
group (7.6-8.1 g/dL) and the 120 pg group (8.1-8.4 g/dL)
(Fig. 4).

Dose escalation was allowed at week 17 and thereafter,
which resulted in major erythroid responses in 1 patient
with no response in the 60 pg group, and in 2 patients
with minor erythroid responses each in the 60 and 120 pg
groups.

The proportion of patients who experienced a tem-
poral treatment discontinuation because of a Hb level of
>11 g/dL in the initial dose evaluation phase was 11 % (2
patients) in the 120 ng group, and 23.5 % (4 patients) in
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the 240 pg group. The Hb level did not exceed 12.0 g/dL in
either of these patients.

Of the 41 patients who started the extended treatment
evaluation phase, the DA dosing frequency was adjusted
from once weekly to biweekly in 5 patients. In 2 of these
patients, the dosing frequency was subsequently readjusted
to once weekly because their Hb levels decreased during
the biweekly regimen. The Hb levels recovered in both
patients, and they completed the study. The rest of these
patients completed the study with their Hb levels maintains
with 120 or 240 pg biweekly administration of DA.

As an explanatory assessment, the prognostic factors
for DA efficacy were investigated. Our results indicate that
patients with high Hb levels, low EPO levels, low serum
ferritin levels, and those requiring low RBC transfusions
volume tended to show higher major or minor erythroid
response. On the other hand, age or bone marrow (BM)
blast proportion was not associated with the patients’ major
or minor erythroid response rate (Table 2). In terms of
major erythroid response, similar trend was observed (data
not shown).

Safety

In this study, adverse events leading to death included
pneumonia and acute respiratory distress syndrome in 1
patient (6 %) each in the 60 g group, and febrile neutro-
penia, pneumonia, and septic shock in 1 patient (6 %) each
in the 120 pg group. These events were considered not
related to DA treatment.

Other serious adverse events occurred in 14 (27 %) of 52
patients. A causal relationship with DA could not be ruled
out in 1 patient with abulia who received 240 png DA.

During the initial dose evaluation phase, adverse events
occurred in 39 (75 %) patients. Nasopharyngitis had the
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Table 1 Patient demographic

. S Overall (N =52) 60ug DA (N=17) 120 pug DA (N=18) 240 ug DA (N=17)
and baseline characteristics

(safety analysis set) Gender

Female 20 (38.5 %) 6 (35.3 %) 6 (33.3 %) 8 (47.1 %)

Male 32 (61.5 %) 11 (64.7 %) 12 (66.7 %) 9 (52.9 %)
Age (years)

Median (min—-max) 77.0 (50-89) 78.0 (50-87) 77.0 (53-89) 75.0 (50-82)
Ethnic group

Japanese 31 (59.6 %) 10 (58.8 %) 11 (61.1 %) 10 (58.8 %)

Korean 21 (40.4 %) 7 (41.2 %) 7 (38.9 %) 7(41.2 %)
ECOG PS

0 24 (46.2 %) 8 (47.1 %) 8 (44.4 %) 8 (47.1 %)

1 27 (51.9 %) 8 (47.1 %) 10 (55.6 %) 9 (52.9 %)

2 1(1.9 %) 1(5.9 %) 0 (0.0 %) 0 (0.0 %)
Karyotype

Good 43 (82.7 %) 11 (64.7 %) 16 (88.9 %) 16 (94.1 %)

Intermediate 9(17.3 %) 6 (35.3 %) 2(11.1 %) 1(5.9 %)
FAB

RA 33 (63.5 %) 12 (70.6 %) 13 (72.2 %) 8 (47.1 %)

RARS 14 (26.9 %) 5(29.4 %) 4(22.2 %) 5(29.4 %)

RAEB 5(9.6 %) 0 (0.0 %) 1 (5.6 %) 4(23.5 %)
2008 WHO classification

RCUD 4 (7.7 %) 1(5.9 %) 1(5.6 %) 2(11.8 %)

RARS 4 (7.7 %) 2(11.8 %) 1(5.6 %) 1(5.9 %)

RCMD 31 (59.6 %) 10 (58.8 %) 13 (72.2 %) 8 (47.1 %)

RAEB-1 5(9.6 %) 0 (0.0 %) 1(5.6 %) 4(23.5 %)

MDS-U 6 (11.5 %) 4(23.5 %) 2 (11.1 %) 0 (0.0 %)

5g-syndrome 2 (3.8 %) 0 (0.0 %) 0 (0.0 %) 2(11.8 %)
IPSS risk category

Low 9 (17.3 %) 1(5.9 %) 3 (16.7 %) 5(29.4 %)

Intermediate- 1 43 (82.7 %) 16 (94.1 %) 15 (83.3 %) 12 (70.6 %)
Baseline hemoglobin level (g/dL)

Mean (SD) 7.92 (0.91) 7.69 (0.77) 8.01 (0.72) 8.04 (1.18)
Baseline Serum EPO level (mIU/mL)

Mean (SD) 221 (134) 227 (152) 217 (116) 220 (142)
Baseline RBC transfusion (mL)

Mean (SD) 1459 (707) 1407 (691) 1444 (825) 1527 (622)
Baseline serum ferritin level (ng/mL)

Mean (SD) 1325 (1152) 1103 (1010) 1437 (1206) 1428 (1258)

5q-syndrome myelodysplastic syndrome associated with isolated del(5q) chromosome abnormality, DA
darbepoetin alfa, ECOG PS Eastern Cooperative Oncology Group Performance Status, EPO erythropoi-
etin, FAB French-American-British classification, /PSS International Prognostic Scoring System, MDS-U
myelodysplastic syndrome unclassified, RA refractory anemia, RAEB refractory anemia with excess blasts,
RAEB-1 refractory anemia with excess blasts-1, RAEB-t refractory anemia with excess blasts in transfor-
mation, RARS refractory anemia with ringed sideroblasts, RBC red blood cells, RCMD refractory cytope-
nia with multilineage dysplasia, RCUD refractory cytopenia with unilineage dysplasia, WHO World Health
Organization

highest incidence and occurred in 11 (21 %) patients. Other
adverse events that occurred in at least 10 % of patients
included diarrhea in 8 patients (15 %) and headache in 6
patients (12 %).

From week 1 to week 48, adverse events occurred in 48
(92 %) of 52 patients (Table 3). Hypertension was reported
in 6 (11.5 %) patients [3 (17.6 %) in the 60 pg group, 1
(95.6 %) in the 120 pg group, and 2 (11.8 %) in the 240 g
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Fig. 3 Major or minor eryth-
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No. of Subjects

60 ug DA 17 12 12 12 13 14 12 15 16 9 15 14 13 12 16 11 17
120 ug DA 8 11 17 13 15 15 11 16 14 13 14 12 12 14 11 12 18
240 pug DA 15 9 3 14 12 12 12 12 11 13 12 12 13 11 10 11 15

@ Springer



A randomized controlled trial comparing darbepoetin alfa doses in red blood cell transfusion-... 407

Table 2 Major or minor erythroid response during the initial-dose Table 2 continued

evaluation phase by subgroup (PPS)

Overall 60 pg DA 120 pg DA 240 png DA
Overall 60 g DA 120 g DA 240 g DA Baseline RBC transfusion (mL): <1800

Gender: female N 37 13 14 10
N 20 6 6 8 N(%) 24(64.9) 9(69.2) 8(57.1) 7 (70.0)
N (%) 14(70.0) 4(66.7) 3 (50.0) 7 (87.5) 95% CI (47.5,79.8)  (38.6,90.9)  (28.9,82.3)  (34.8,93.3)
95%CI (45.7,88.1)  (22.3,95.7)  (11.8,88.2)  (47.3,99.7) Baseline RBC transfusion (mL): >1800

Gender: male N 13 4 4 5
N 30 11 12 7 N(%) 5(385) 2 (50.0) 0(0.0) 3 (60.0)
N (%)  15(50.0) 7 (63.6) 5(41.7) 3(42.9) 95% CI (13.9,684)  (6.8,93.2) (0.0, 60.2) (14.7,94.7)
95%CI (31.3,68.7) (30.8,89.1) (15.2,723)  (9.9,81.6) Baseline serum ferritin level (ng/mL): <500.0

Age (years): <75 N 14 5 4 5
N 17 5 5 7 N (%) 12(85.7) 5(100.0) 2 (50.0) 5 (100.0)
N (%) 8(47.1) 3 (60.0) 2 (40.0) 3 (42.9) 95% CI (57.2,98.2)  (47.8,100.0) (6.8,93.2) (47.8, 100.0)
95%CI (23.0,72.2) (14.7,947)  (5.3,85.3) 9.9, 81.6) Baseline serum ferritin level (ng/mL): >500.0

Age (years): >75 N 36 12 14 10
N 33 12 13 8 N(%) 17(47.2) 6 (50.0) 6(42.9) 5(50.0)
N (%)  21(63.6) 8 (66.7) 6(46.2) 7 (87.5) 95%CI (304,64.5) (21.1,78.9) (17.7,71.1)  (18.7,81.3)
95%CI (45.1,79.6)  (34.9,90.1) (19.2,74.9)  (47.3,99.7) Baseline bone marrow blasts (%): <2

Baseline hemoglobin level (g/dL): <8.0 N 33 11 12 10
N 23 10 8 5 N (%) 20 (60.6) 8 (72.7) 5(41.7) 7 (70.0)
N(%) 9(39.1) 5(50.0) 2(25.0) 2 (40.0) 95% CI (42.1,77.1)  (39.0,94.0)  (15.2,72.3)  (34.8,93.3)
95% CI (19.7,61.5)  (18.7,81.3)  (3.2,65.1) (5.3,85.3) Baseline bone marrow blasts (%): >2, <5

Baseline hemoglobin level (g/dL): >8.0 N 14 6 5 3
N 27 7 10 10 N (%) 7(50.0) 3 (50.0) 2 (40.0) 2 (66.7)
N(%) 20(74.1) 6(85.7) 6 (60.0) 8 (80.0) 95% CI (23.0,77.0) (11.8,88.2)  (5.3,85.3) (9.4, 99.2)
95 % CI (53.7,88.9)  (42.1,99.6)  (26.2,87.8) (44.4,97.5) Baseline bone marrow blasts (%): >5

Baseline serum EPO level (mIU/mL): <100.0 N 3 0 1 2
N 14 5 5 4 N (%)  2(66.7) - 1(100.0) 1(50.0)
N(%) 13(92.9) 5 (100.0) 4 (80.0) 4 (100.0) 95 % CL (94,99.2) (2.5,100.0)  (1.3,98.7)
95 % CI (66.1,99.8)  (47.8,100.0) (28.4,99.5)  (39.8,100.0) IPSS risk category: low

Baseline serum EPO level (mIU/mL): >100.0 N 9 1 3 5
N 36 12 13 11 N(%)  6(66.7) 1 (100.0) 1(33.3) 4 (80.0)
N(%) 16 (44.4) 6 (50.0) 4 (30.8) 6 (54.5) 95% CI (29.9,92.5) (2.5,100.0)  (0.8,90.6) (28.4,99.5)
95%Cl (27.9,61.9) (21.1,789) (9.1,61.4) (23.4,83.3) IPSS risk category: intermediate-1

Baseline serum EPO level (mIU/mL): 200.0 N 41 16 15 10
N 22 8 7 7 N (%)  23(56.1) 10 (62.5) 7 (46.7) 6 (60.0)
N(%) 18(81.8) 7 (87.5) 4(57.1) 7 (100.0) 95%CI (39.7,71.5)  (35.4,84.8) (21.3,73.4)  (26.2,87.83)
95% CI (59.7,94.8)  (47.3,99.7)  (18.4,90.1)  (59.0, 100.0) IPSS-R risk category: very low

Baseline serum EPO Level (mIU/mL): >200.0 N 3 1 2 0
N 28 9 11 8 N (%) 3(100.0) 1(100.0) 2 (100.0) -
N(%) 11(39.3) 4 (44.4) 4(36.4) 3(37.5) 95% CI (29.2,100.0) (2.5,100.0)  (15.8, 100.0)
95%CI (21.5,59.4) (13.7,78.8)  (109,69.2)  (8.5,75.5) IPSS-R risk category: low

Baseline serum EPO Level (mIU/mL): <300.0 N 24 7 7 10
N 34 11 13 10 N (%) 14 (58.3) 4(57.1) 3(42.9) 7 (70.0)
N (%) 21(61.8) 8 (72.7) 5(38.5) 8 (80.0) 95%CI (36.6,77.9)  (184,90.1) (9.9, 81.6) (34.8,93.3)
95% CI (43.6,77.8)  (39.0,94.0)  (13.9,68.4) (44.4,97.5) IPSS-R risk category: intermediate

Baseline serum EPO level (mIU/mL): >300.0 N 19 8 8 3
N 16 6 5 5 N (%) 10 (52.6) 6 (75.0) 2(25.0) 2 (66.7)
N (%) 8(50.0) 3 (50.0) 3 (60.0) 2 (40.0) 95% CI (28.9,75.6) (34.9,96.8) (3.2,65.1) (9.4,99.2)
95%Cl (24.7,75.3)  (11.8,88.2)  (14.7,947)  (5.3,85.3)
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Table 2 continued

Overall 60 g DA 120 ng DA 240 ng DA
IPSS-R risk category: high
N 4 1 1 2
N (%) 2(50.0) 0 (0.0) 1 (100.0) 1(50.0)
95% CI (6.8,93.2) (0.0, 97.5) (2.5,100.0)  (1.3,98.7)

group]. No remarkable differences in the incidence of
adverse events or adverse reactions between the different
groups were noted during the initial dose evaluation phase
or from week 1 to week 48.

The anti-DA antibody test was negative in all patients.

Pharmacokinetic evaluation

Serum DA concentration profiles were similar in patients
receiving 60 or 120 pwg DA until 72 h after administra-
tion of the drug. Thereafter, the concentration increased
in patients receiving 60 g DA. A higher concentration
profile was observed in the 240 g group compared to the
60 and 120 g groups (Supplementary Fig. 1). The mean
thax Were 82.84, 73.36, and 60.84 h in the 60, 120, and
240 pg groups, respectively. No dose proportionality was
observed for C,,, and AUC,_, for 60-240 pg DA (Sup-
plementary Table 1). No remarkable changes in serum DA
trough concentration in any group were observed through-
out the treatment period. There was no relationship
between the serum DA trough concentration at week 17
and efficacy (minor erythroid response and major eryth-
roid response) in the initial-dose evaluation phase (data
not shown).

Survival and AML progression

The outcome survey was conducted within a median fol-
low-up period of 316 days (range 1-600 days) from the
start of treatment with DA. At the time of the survey, death
was reported in 7 (14 %) of 51 patients (1, 3, and 3 patients
in the 60, 120, and 240 nwg DA groups, respectively). The
one-year survival rate was 84.5 % (Fig. 5a). The causes of
death were pneumonia in 2 patients, and cardiac failure,
geromarasmus, subdural haematoma, AML, and septic
shock in 1 patient each.

Progression to AML was reported in 2 patients receiv-
ing 240 pg DA. The proportion of patients who did not
progress to AML within 1 year was 96.0 % (Fig. 5b).
The proportion of the total number of patients who pro-
gressed to AML 1 year after treatment initiation was
3.9 % (2 of 51 patients). One of them was a 69-year-
old woman with refractory anemia with excess blasts
(RAEB) by the French-American-British (FAB) classifi-
cation and RAEB-1 by the 2008 World Health Organiza-
tion (WHO) classification. At screening, BM blast pro-
portion was 2.4 %, and peripheral blood blast proportion
was 1.0 %. The patient started treatment with 240 g
DA. At week 16, her peripheral blood blast proportion
increased to 5.0 %. The patient withdrew from the study
at week 17 in accordance with the prespecified criteria
for withdrawal (lack of efficacy). Progression to AML
type M5 (FAB classification) was confirmed 3 days after
the withdrawal with BM blast proportion of 87.8 %.
Another was a 70-year-old man with RAEB by the FAB
classification and RAEB-1 by the 2008 WHO classifica-
tion. At the screening examinations, BM blast proportion
was 7.1 %. The patient started treatment with 240 pg

Table 3 Summary of adverse

events (MedDRA) (adverse Overall 60 ne 120 e 240 ke

events affecting >10 % of all (N=152) (N=17) (N=18) (N=17)

the patients)

N % N % N % N %

Nasopharyngitis 21 40.4 10 58.8 6 333 5 294
Diarrhea 13 25.0 4 23.5 8 44.4 1 5.9
Headache 9 17.3 2 11.8 4 22.2 3 17.6
Fatigue 7 13.5 1 5.9 4 22.2 2 11.8
Back pain 7 13.5 3 17.6 3 16.7 1 5.9
Constipation 6 11.5 2 11.8 4 22.2 0 0.0
Decreased appetite 6 11.5 1 59 3 16.7 2 11.8
Insomnia 6 11.5 2 11.8 3 16.7 1 5.9
Epistaxis 6 11.5 3 17.6 1 5.6 2 11.8
Oropharyngeal pain 6 11.5 3 17.6 1 5.6 2 11.8
Hypertension 6 11.5 3 17.6 1 5.6 2 11.8

MedDRA medical dictionary for regulatory activities
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Fig. 5 Overall and AML-free
survival. The graphs depict
overall patient survival (a), and
AML-free survival (b). AML
acute myeloid leukemia 901
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No. at Risk
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DA. After treatment initiation, peripheral blood blast
proportion remained at O %. The patient was hospital-
ized for pneumonia on day 75, and DA administration
was discontinued in week 12 (day 79). The patient was
removed from the study on day 119 in accordance with
the prespecified criteria for withdrawal (lack of effi-
cacy). On day 148, progression to AML (type unknown)
was confirmed by BM blast proportion of 51.4 %. The
patient died due to AML 200 days after the initial study
treatment.

T T T T T T T T T T T
180 240 300 360 420 480 540 600 660 720 780

Day

43 37 29 18 10 7 4 1 0 0 0

Discussion
Recommended DA dosage

This study is the first prospective randomized controlled trial
aiming to determine an optimal initial DA dosage in MDS
patients with IPSS low or intermediate-1 risk, an EPO level of
<500 mIU/mL, and who were RBC transfusion-dependent.
The proportion of patients with major or minor eryth-
roid response in the initial dose evaluation phase was
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comparable between the groups, whereas the major eryth-
roid response was observed more frequently in the 240 pg
group.

From a clinical perspective, major erythroid response is
more important than minor erythroid response since elimi-
nating RBC transfusion dependency is more significant for
patients than decreasing the transfusion volume. Hb lev-
els started to increase 2 weeks after starting treatment and
remained around 9.0 g/dL in patients receiving 240 pg DA,
whereas no apparent increase in Hb levels was noted in the
60 or 120 pg groups. Our safety analysis revealed no dose-
dependent adverse events. Hb levels exceeded 11 g/dL in 4
patients in 240 pg, but returned to 11 g/dL or lower shortly
after treatment interruption. No persistent increase in Hb
levels was reported. Although our analysis revealed no dose
dependency for the major or minor erythroid responses,
we considered a DA dose of 240 pug once weekly to be the
most appropriate initial dose based on the major erythroid
response rates and the changes in Hb levels. The response
rate of 66.7 % in the 240 pg group is comparable to rates
reported in MDS patients in Europe (61.0 and 66.6 %)
with IPSS low or intermediate-1 risk and RBC transfusion
dependency who received DA at 300 ug once weekly [11,
23].

Predictive factors for DA efficacy

Patients with low serum EPO levels and low transfusion
requirements have been shown to have a relatively high
response rate [24]. This trend was also noted in this study.
In addition, the response rate was high in patients with high
Hb and low serum ferritin levels. All the 3 patients with the
IPSS-R [22] very low category showed responses. These
data indicate that patients with milder MDS may have a
greater erythroid response to DA.

Although this was not an endpoint of this study, we
examined the relationship between a change in absolute
reticulocyte (Ret) count and erythroid response. Bowen
et al. evaluated the prognostic factors for drug efficacy in
21 low-risk MDS patients who received single doses of
rHuEPO and G-CSF. They reported that an increase in Rets
count by >30 x 10°/L on day 7 was a promising prognostic
factor [25]. In our study, 8 of 50 patients had an increase
in the Ret count exceeding 30 x 10%/L at week 2 (equiva-
lent to day 7 in Bowen’s study), and all of them achieved a
major or minor erythroid response during the initial dose
evaluation phase. The absolute Ret increment (mean) at
week 2 was 15 x 10”/L in patients with a major or minor
erythroid response and 2.3 x 10%/L in patients with no
response during the initial dose evaluation phase, suggest-
ing that the change in Ret count in the initial 1-week period
may be a good predictor of erythroid responses.

@ Springer

Serum ferritin levels

This study included patients who were already depend-
ent on RBC transfusion. A retrospective study suggested
that early treatment with ESAs in patients with IPSS low
or intermediate-1 risk MDS may delay the need for RBC
transfusion [26]. Elimination of RBC transfusion depend-
ency and delayed transfusion may decrease the risk of
transfusion-related iron overload and delay the use of an
iron chelate.

In this study, 13 patients used iron chelate (Deferox-
amine Mesylate in 2, Deferasirox in 11) during the study
period. Although not preplanned, changes in serum ferri-
tin [(pre — post)/pre x 100] were evaluated in 37 patients
excluding the 13 chelate users. The median serum ferri-
tin level changed from 502.4 to 400.1 ng/mL (—26.4 %;
median duration of treatment, 329.5 days) in patients who
did not require RBC transfusion anymore (n = 14 with
major erythroid response), whereas it changed from 936.9
to 1445.1 ng/mL (43.9 %; median duration of treatment,
277 days) in patients who continued to receive transfusions
(minor erythroid responders and non-responders) (Sup-
plementary Table 2). The serum ferritin level decreased
without iron chelate in patients with a major erythroid
response, suggesting that the risk of iron overload may be
diminished.

Safety

Hypertension is a known adverse reaction to ESAs [27].
Hypertension was reported in 6 of 52 patients (11.5 %) in
this study. A causal relationship to DA was ruled out in 4
and deemed possible in 2 patients. Since this study enrolled
patients who were dependent on RBC transfusion, hyper-
tension reported as an adverse event was mostly associ-
ated with a temporary increase in Hb level due to transfu-
sion. No excessive Hb increase (>12 g/dL) caused by DA
and associated hypertension was reported in our study, as
the treatment with DA was interrupted when the Hb level
exceeded 11 g/dL.

Pharmacokinetics

This is the first study to investigate the pharmacokinetics
of DA in patients with MDS. Nonlinear pharmacokinet-
ics was observed for DA doses in the range of 60-240 pg.
The exposure (C,,,, and AUC,_,) in the 60 pg DA group
was higher compared to that in the 120 pg DA group. We
could not determine the mechanism of the nonlinear phar-
macokinetics, but we hypothesize that it might have been
caused by the greater inter-patient variability in the 60 pg

DA group compared to the other two groups.
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Prognosis

Clinical studies in patients with chemotherapy-induced
anemia reported adverse effects of ESAs (shortened sur-
vival time, advanced cancer and increased recurrence risk,
higher incidence of thromboembolisms, and higher mortal-
ity) on the patients’ prognosis [28-32]. Since these studies
used a target Hb level of >12.0 g/dL, a significant increase
in Hb levels may be one of the reasons for this poor prog-
nosis. The NCCN guidelines states that “the long term use
of ESA in MDS patients compared to either randomized
controls or historical controls have shown no negative
impact of such treatment on survival or AML evolution”
and “a target Hb level <12 g/dL” [3].

In this study, progression to AML was reported in 2
patients with RAEB-1 receiving 240 pwg DA. Causal rela-
tionships to DA were not clear. Since 4 out of 5 patients
classified as RAEB-1 at baseline happened to be rand-
omized into 240 ng DA group [i.e., 0 (0 %), 1 (5.6 %), and
4 (23.5 %) patients in 60, 120, and 240 g DA group], the
progression to AML in this study might have been affected
by baseline status of subjects.

Although the different sample sizes and study designs did
not allow a direct comparison, the one-year survival rate and
cumulative proportion of patients whose disease progressed
to AML 1 year after starting treatment in our study were not
significantly different from past clinical studies [33, 34].

Past studies suggested that treatment with ESAs may
improve the prognosis of MDS patients [35, 36]. The
comparison of the Kaplan—Meier curves of survival time
between responders and non-responders in this study indi-
cated a longer survival time in responders. Reasons for
the different survival times may include (1) possible dis-
ease progression of MDS in non-responders, (2) preven-
tion of progressive iron overload, and (3) improved cardiac
function and performance status by improving anemia in
responders who were not dependent on transfusions any-
more or whose transfusion volume was decreased because
of ESAs, as discussed in previous studies.

Conclusion

In conclusion, the efficacy and safety of DA in red blood
cell transfusion-dependent patients with IPSS low or inter-
mediate-1 risk MDS were demonstrated in the first rand-
omized controlled trial of this kind. A weekly dose of
240 pg DA was shown to be an appropriate initial dose
with a high treatment efficacy.
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