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Myelodysplastic syndromes (MDS) are a group of clonal myeloid
disorders characterized by low blood counts and a propensity
to develop acute myeloid leukemia. The management of lower-

risk (LR) MDS with persistent cytopenias remains suboptimal.
Eltrombopag, a thrombopoietin-receptor agonist, can improve platelet
counts in LR-MDS and trilineage hematopoiesis in aplastic anemia. We
conducted a phase II dose modification study to investigate the safety
and efficacy of eltrombopag in LR-MDS. The eltrombopag dose was
escalated from 50 mg/day to a maximum of 150 mg/day over a period of
16 weeks. The primary efficacy endpoint was hematologic response at
16-20 weeks. Eleven of 25 (44%) patients responded; five and six patients
had uni- or bi-lineage hematologic responses, respectively. The predic-
tors of response were presence of a paroxysmal nocturnal hemoglobin-
uria clone, marrow hypocellularity, thrombocytopenia, and elevated
plasma thrombopoietin levels at study entry. The safety profile was con-
sistent with that found in previous eltrombopag studies in aplastic ane-
mia; no patients discontinued the drug due to adverse events. Three
patients developed reversible grade 3 liver toxicity and one patient had
increased reticulin fibrosis. Ten patients discontinued eltrombopag after
achieving a robust response (median time 16 months); four of them reini-
tiated eltrombopag because of declining blood counts, and all attained a
second robust response. Six patients had disease progression not associ-
ated with expansion of mutated clones and no patient progressed to
develop acute myeloid leukemia on study. In conclusion, eltrombopag
was well-tolerated and effective in restoring hematopoiesis in some
patients with low or intermediate-1 risk MDS. This study was registered
at clinicaltrials.gov as #NCT00932156.
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ABSTRACT

Introduction

Myelodysplastic syndromes (MDS) are a heterogeneous group of clonal myeloid
disorders characterized by ineffective hematopoiesis and cytopenias, with vari-
able risks of progression to acute myelogenous leukemia (AML).1,2 The natural his-
tory of the disease is divergent between lower-risk (LR) and higher-risk MDS
patients, evidenced by differences in clinical course, treatment efficacy, and overall
survival. Higher-risk MDS appears close in pathophysiology to AML3 whereas LR-



MDS is a more diverse group containing not only well-
defined World Health Organization (WHO) classified cat-
egories but also subtypes that overlap with bone marrow
failure syndromes, such as hypoplastic MDS (hypo-
MDS), MDS and paroxysmal nocturnal hemoglobinuria
(PNH), and MDS evolved from aplastic anemia (AA). In
these subtypes, T-cell-mediated suppression of
hematopoiesis similar to that occurring in AA has been
described.4-6
The prognosis of patients with MDS is determined

using the International Prognostic Scoring System (IPSS)
and the revised IPSS (IPSS-R), based on the degree of
cytopenias, bone marrow blast percentage, and presence
of specific cytogenetic abnormalities.7,8 Targeted next-
generation sequencing has identified somatic variants in
candidate genes associated with myeloid malignancies in
more than 80% of MDS patients.9,10 Although the impli-
cations of these somatic variants in MDS have been
extensively studied in the past years, most are not yet
included in scoring systems.
MDS therapy is guided by IPSS risk stratification, with

goals of treatment and tolerance of drug toxicity differing
for higher risk-MDS and LR-MDS. In contrast to higher
risk-MDS, supportive measures such as red blood cell
transfusions, growth factors (erythropoiesis-stimulating
agents and granulocyte colony-stimulating factor), and
lenalidomide for patients with del(5q) are common first
options for LR-MDS.11-13 In addition, immunosuppressive
treatments have demonstrated efficacy in LR-MDS, most
notably in patients who are younger, HLA-DR15-positive,
and have a more limited transfusion history.14,15 The treat-
ment options for cytopenias in non-responders, especially
for thrombocytopenia, are very limited, and such patients
are often managed with long-term transfusion support.
They remain at high risk of bleeding, developing infec-
tions, and having an overall poor quality of life. 
Eltrombopag, a thrombopoietin-receptor agonist, was

first used to treat thrombocytopenia in patients with idio-
pathic thrombocytopenic purpura,16 but has also been
shown to improve hematologic response in patients with
refractory severe AA and to increase overall and complete
responses when combined with standard immunosup-
pression in treatment-naïve severe AA.17-20 In MDS,
monotherapy with thrombopoietin agonists has only
been tested in two studies, in which increased platelet
counts were seen in nearly 50% of the patients.21,22 A ran-
domized, double-blind study with romiplostim versus
placebo for LR-MDS was stopped early due to an appar-
ent increased risk of AML progression, which was not
confirmed with long-term follow up.23,24 When eltrom-
bopag was added to azacitidine to improve treatment-
related thrombocytopenia in intermediate/high-risk
MDS, it resulted in worse platelet recovery and increased
progression to AML.25 
In this study, we investigated the safety and efficacy of

eltrombopag monotherapy in LR-MDS and any cytope-
nia in a non-randomized phase II, investigator-initiated
clinical trial.

Methods 

Patients and eligibility 
Subjects 18 years or older with LR-MDS were enrolled into

this phase II, dose modification study of oral eltrombopag

between March, 2011 and July, 2017. The protocol was
approved by the Institutional Review Board of the National
Heart, Lung, and Blood Institute, and monitored by an inde-
pendent Data Safety and Monitoring Board. 
The initial version of the protocol only included patients with

platelet counts ≤30x109/L or platelet-transfusion dependence.
After accrual of the first five patients, the inclusion criteria were
broadened to enroll patients with any cytopenia. The revised
inclusion criteria were: hemoglobin ≤9.0 g/dL or red blood cell
transfusion-dependence (at least 4 units of red blood cells at 8
weeks prior to enrollment); platelet counts ≤30x109/L or platelet
transfusion-dependence; or absolute neutrophil count (ANC)
≤0.5x109/L. Patients with refractory anemia with excess blasts,
AML, treatment-related MDS, or chronic myelomonocytic
leukemia were excluded. 

Treatment plan and study endpoints
Patients received eltrombopag for 16-20 weeks. Eltrombopag

was initiated at a dose of 50 mg daily and the dose was
increased to a maximum of 150 mg, unless toxicity-related stop-
ping rules were met, dose reduction laboratory values occurred
(Online Supplementary Table S1A, B), or hematologic response
was achieved (Figure 1A). The primary safety endpoint was
assessed using the National Cancer Institute’s Common
Terminology Criteria for Adverse Events version 4.0 (CTCAE
v4.0). 
The primary efficacy endpoint was hematologic response at

16 weeks, defined as either: (i) a platelet count increase of
≥20x109/L above the baseline or stable platelet counts with
transfusion-independence for ≥8 weeks; (ii) a hemoglobin
increase of ≥1.5 g/dL or a reduction in red blood cell transfusion
requirements by at least 50% over the preceding 8 weeks; (iii)
≥100% increase in ANC for those with a pretreatment ANC of
<0.5x109/L or an absolute increase >0.5x109/L. If patients had a
clinical response in any lineage at 16 weeks but did not yet meet
full primary endpoint criteria, eltrombopag was continued for
another 4 weeks and response was assessed at 20 weeks. 
Responding patients could receive eltrombopag on the exten-

sion arm until they met the criteria for a robust response
(platelet count >50x109/L, hemoglobin >10 g/dL, and ANC
>1.0x109/L), at which time eltrombopag was discontinued.
Eltrombopag was restarted in patients with blood counts falling
below platelets <30x109/L, hemoglobin <9 g/dL, or ANC
<0.5x109/L. 
Secondary endpoints were progression to higher-risk MDS,

changes in serum thrombopoietin levels measured at the pri-
mary endpoint by magnetic multiplex assays (Luminex),26

eltrombopag discontinuation due to the achievement of a robust
response, or grade 2 or higher bleeding events. International
Working Group (IWG) criteria were used to determine the cyto-
genetic response and progression of disease.27

We screened all patients at baseline, at the primary endpoint,
and at the time of disease progression for somatic variants in 63
candidate genes associated with myeloid malignancies using a
targeted next-generation sequencing panel (Online Supplementary
Table S2).28

Statistics 
In this intention-to-treat study, summary statistics were used

for patients’ demographics and laboratory measurements.
Covariate effects on the response rates and the distributions of
survival time were evaluated using univariable logistic regres-
sion and Cox proportional hazard models, respectively. Further
details on methods can be found in the Online Supplementary
Methods.
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Figure 1. Study design and clinical outcomes of 30 patients with myelodysplastic syndrome. (A) Study flowchart. All patients enrolled on study received eltrom-
bopag (EPAG) at a starting oral dose of 50 mg/day, increased up to a maximum dose of 150 mg/day for 16 weeks. Primary efficacy endpoint was assessed as
hematologic improvement at 16-20 weeks. Non-responders were taken off study while responders continued EPAG in the extension phase until they achieved a
protocol-defined robust response. If patients achieved a robust response, EPAG was discontinued and their blood counts and bone marrow values were monitored
for 2 years. (B) Venn diagrams showing the number of patients with single lineage and multilineage responses to EPAG at the primary endpoints, and best respons-
es in the extension phase. Laboratory parameters are also represented under the individual Venn diagrams. (C) Hematologic improvement of all responders, includ-
ing the ten robust responders. The median neutrophil counts, hemoglobin concentration, and platelet levels are shown in the figure at the indicated time-points.
(D) Thrombopoietin (TPO) levels of responders and non-responder at baseline and at the primary endpoint of the study. (E) TPO levels measured in patients with
hypoplastic myelodysplastic syndrome (h-MDS), with myelodysplastic syndrome evolved from aplastic anemia (evolved from AA), and with normo- and hypercellular
myelodysplastic syndrome (MDS) at study entry. NS: not statistically significant.
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Results 

Patients’ characteristics and disposition  
A total of 30 patients were enrolled in the study and

received eltrombopag. The first five subjects enrolled
(UPN-1 to UPN-5) were entered when eligibility criteria
included only thrombocytopenia. They were not includ-
ed in the efficacy analysis set, as requested by the
Institutional Review Board, but were included for second-
ary endpoint and sensitivity analyses. 
In our cohort, 90% of patients were classified as IPSS

intermediate-1 risk and as IPSS-R very low to intermedi-
ate risk (Table 1). Twenty-two patients (73%) had either
refractory cytopenia with multilineage dysplasia or
refractory cytopenia with unilineage dysplasia. At enroll-
ment, 11 patients had bicytopenia, ten had anemia
(hemoglobin <9.0 g/dL) or were red blood cell transfu-
sion-dependent, and nine had thrombocytopenia
(platelets <30x109/L) or were platelet-transfusion depend-
ent (Table 2). Median blood counts for patients with ane-
mia were hemoglobin 8.2 g/dL (range, 7.1-11); with
thrombocytopenia, platelets 11x109/L (range, 4-28), and
neutropenia, 0.38x109/L. Twelve patients (40%) had
received at least one prior treatment other than support-
ive care and were considered to have relapsed/refractory
disease. Prior therapies included lenalidomide, azaciti-
dine, erythropoiesis-stimulating agents, and immunosup-
pressive treatments (Table 1). Four patients discontinued
the study before the primary endpoint evaluation: UPN-
13 opted for supportive care, UPN-23 died from acute res-
piratory distress syndrome and mycobacterial infection,
and UPN-19 and UPN-20 had worsening cytopenias with
disease progression (described in more detail below and
in Table 3).

Safety
In 25 of 30 (83%) patients eltrombopag was escalated

to the maximum dose (150 mg in all patients except the 3
patients of East or South-Asian origin). Of the five
remaining patients, two had thrombocytosis at 75
mg/day requiring dose reduction (to 37.5 mg/day), one
patient had grade 3 elevated liver enzymes (alanine
transaminase and aspartate transaminase >5 times the
reference value) at a  dose of 75 mg/day which improved
at a lower dose of 50 mg/day, and two achieved platelet
responses at lower doses (75 mg/day and 125 mg/day) so
that dose escalation was halted per protocol. At the max-
imum dose of 150 mg, two patients experienced grade 3
reversible increases in liver transaminases, requiring dose
interruption. After normalization of transaminases,
eltrombopag was restarted at the lower dose level (125
mg/day) in both patients (UPN-4, UPN-18). The most fre-
quent treatment-related adverse events were nausea and
vomiting (20%), skin lesions (20%), headaches (17%),
and discoloration of the sclerae (17%) (Online
Supplementary Table S3). 
There were no serious adverse events attributed to

eltrombopag at the time of the data cut (Online
Supplementary Table S4). One patient (UPN-24) with no
response to treatment at the primary endpoint had
increased reticulin fibrosis (from 1+ to 3+). Five patients
(17%) had grade 2 or higher bleeding adverse events at a
median of 1 month (range, 0.34-4.5 months), which were
not deemed to be related to eltrombopag, but to disease-
associated thrombocytopenia. There were no eltrom-

bopag-related deaths, thrombotic events, or progression
to AML on study. One patient died due to acute respira-
tory distress syndrome unrelated to eltrombopag. 

Hematologic response 
Eleven of 25 patients (44%) achieved a hematologic

response at the primary endpoint; ten had been classified
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Table 1. Baseline characteristics of the patients.
Baseline characteristics                                 Cohort (n = 30)       Cohort (n = 25)
Age, years                                                                                                                        
Median (range)                                                          65 (35-85)                   63 (35-85)

Sex, n (%)                                                                                                                        
Male                                                                                 21 (70)                         17 (68)
Female                                                                              9 (30)                           8 (32)

Ethnicity, n (%)                                                                                                               
Asian                                                                                  3 (10)                           3 (12)
Black or African American                                          5 (16.7)                         4 (16)
White                                                                                21 (70)                         17 (68)
Other                                                                                1 (3.3)                           1 (4)

WHO classification, n (%)                                                                                            
RCUD                                                                              11 (36.7)                       10 (40)
RCMD                                                                             11 (36.7)                        9 (36)
MDS-U                                                                              6 (20)                           4 (16)
RARS                                                                                 2 (6.7)                           2 (8)

IPSS risk, n (%)                                                                                                              
Low                                                                                   2 (6.7)                           2 (8)
Intermediate-1                                                              27 (90)                         23 (92)
Intermediate-2                                                               1 (3.3)                           0 (0)

IPSS-R risk, n (%)                                                                                                          
Very low                                                                           1 (3.3)                           0 (0)
Low                                                                                  8 (26.7)                         8 (32)
Intermediate                                                                 18 (60)                         15 (60)
High                                                                                   3 (10)                            2 (8)

IPSS cytogenetic risk classification*, n (%)                                                           
Good                                                                               16 (53.3)                       14 (56)
Intermediate                                                                13 (43.3)                       11 (44)
Poor                                                                                  1 (3.3)                           0 (0)

Types of previous systemic therapy for MDS, n (%)                                             
Lenalidomide                                                                  5 (17)                           5 (20)
Azacitidine                                                                       6 (20)                           3 (12)
Erythropoietin-stimulating agents                            12 (40)                          9 (36)
Immunosuppressive therapy                                       1 (3)                             0 (0)

Laboratory parameters                                                                                                 
Neutrophil count, x109/L                                                                                           
Median (range)                                                0.995 (0.26-3.77)         1.06 (0.26-3.77)

Platelet count, x109/L                                                                                                 
Median (range)                                                      23 (4-256)                   26 (4-256)

Hemoglobin, g/dL                                                                                                       
Median (range)                                                    8.95 (6.2-12)               8.80 (6.2-12)

PNH clones, n (%)                                                                                                     
≥ 1.0%                                                                        11 (36.7)                       10 (40)
< 1.0%                                                                        19 (63.3)                       15 (60)

Thrombopoietin, pg/mL                                                                                            
Median (range)                                                  2119 (71-4817)           2080 (71-4817)

Transfusion dependency, n(%)                                                                              
Platelets                                                                    16 (53.3)                       11 (44)
Red cells                                                                   22 (73.3)                       18 (76)

All patients included in the study are shown in the left column (n=30), whereas the right column
(n=25) shows the patients included in the primary endpoint analysis. WHO: World Health
Organization; RCUD: refractory cytopenia with unilineage dysplasia; RCMD: refractory cytopenia
with multilineage dysplasia; MDS-U: dysplasia; myelodysplastic syndrome-unclassifiable; RARS:,
refractory anemia with ringed sideroblasts; IPSS: International Prognostic Scoring System; IPSS-
R: Revised International Prognostic Scoring System; MDS: myelodysplastic syndrome: PNH:
paroxysmal nocturnal  hemoglobinuria. 



at baseline as IPSS intermediate-1 risk and one as low
risk. The median time to response was 16 weeks (range,
16-20 weeks). Both unilineage (5/11, 46%) and bilineage
(6/11, 55%) responses were seen at 16 weeks (Figure 1B
and Table 2). Eight of 11 responders were transfusion
dependent for platelets and/or red blood cells before
eltrombopag treatment and six of them became transfu-
sion independent at 16 weeks. Three of 11 responders
(27%) showed normalization of a previously abnormal
karyotype (trisomy 6, trisomy 15, and deletion 13q) at a
median time of 20 months (range, 9-21 months) (Online
Supplementary Table S5). Additionally, three of the first
five patients enrolled (UPN-1, UPN-4, UPN-5) excluded
from the efficacy analysis set achieved a platelet response
and continued eltrombopag on the extension arm. 
A total of 14 patients, including three of the first five

enrolled patients excluded from the efficacy analysis set,
continued to receive eltrombopag in the extension phase
of the study at a median dose of 150 mg/day (range, 37.5–
150 mg). All 14 patients experienced further hematologic
improvement (robust response or single lineage response)
with longer treatment. At the primary endpoint, the
median increase in hemoglobin levels was 1.4 g/dL
(range, 1.2–3.3), platelet numbers 14 x109/L (range, -12 –
67) and neutrophil counts 0.71x109/L (range, -0.2 – 2.52)
(Figure 1C). At best response, the median increase from
baseline for hemoglobin was 4.45 g/dL for platelets
53.5x109/L and the median increase in neutrophils was
1.14x109/L. A robust response was achieved by ten of 14
patients with median drug administration of 16 months
(range, 9-42 months) (Figure 1C), and eltrombopag was
discontinued per protocol (Figure 2). Of these, four sus-

Table 2. Patients’ characteristics and hematologic response to eltrombopag.
                         Age        Sex           WHO        PNH          IPSS        Bone                Cytopenias                   Lineage responses                   Robust cell counts
                                                    subtype     clone                        marrow           at study entry               at primary endpoint
                                                                                                    cellularity       ANC     Hb         Plt           ANC       Hb        Plt           Months     ANC     Hb       Plt

Responders
1                             65            M             RCMD        <1%             Int-1           35%                             x              x                                              x                     16              x           x           x
4                             79            M              RCUD         <1%             Int-2            5%                                             x                                              x                                                 
5                             46             F             MDS-U       4.60%            Int-1          <10%                                          x                                              x                     20              x           x           x
6                             53            M             RCMD        8.60%            Int-1           45%                                            x                                 x             x                     16              x           x           x
7                             73             F              RCUD         <1%             Int-1         15-20%                                         x                                 x             x                     12              x           x           x
11                           35            M             RCMD        3.30%            Int-1           30%                                            x                                 x             x                     12              x           x           x
14                           85            M              RCUD         <1%              Low            25%                                            x                                               x                                                 
16                           62             F              RCMD          3%               Int-1           50%                             x              x                                 x             x                     19              x           x           x
17                           54             F              RCUD         <1%             Int-1           40%                             x              x                                 x             x                      9               x           x           x
18                           59             F              RCUD       38.20%           Int-1            5%                              x              x                   x             x                                   42              x           x           x
25                           72            M             RCMD        <1%             Int-1           80%                 x           x                                 x                                                                              
26                           36             F             MDS-U         5%               Int-1           20%                             x                                               x                                   22              x           x           x
27                           47            M             MDS-U       5.80%            Int-1           30%                             x              x                                 x                                   14              x           x           x
30                           47            M             MDS-U       4.80%            Int-1            5%                              x              x                   x                                                                              
Non-responders
2                             76            M             MDS-U        <1%             Int-1           90%                                             x                                                                                                
3                             74            M             RCMD        <1%             Int-1           50%                                             x                                                                                                
8                             47            M             MDS-U        <1%             Int-1            5%                                              x                                                                                                
9                             67            M              RCUD         <1%             Int-1            5%                               x                                                                                                              
10                           76            M             RCMD        <1%             Int-1           50%                              x                                                                                                              
12                           76            M              RARS         <1%              Low            90%                              x                                                                                                              
13                           54             F              RCUD        1.50%            Int-1           40%                              x              x                                                                                                
15                           64             F              RCUD        1.70%            Int-1            5%                               x              x                                                                                                
19                           55            M              RCUD         <1%             Int-1           50%                              x                                                                                                              
20                           63            M              RCUD         <1%             Int-1           60%                              x                                                                                                              
21                           68            M              RCUD       47.10%           Int-1           40%                              x              x                                                                                                
22                           72            M              RARS         <1%             Int-1           70%                              x                                                                                                              
23                           76            M             RCMD        <1%             Int-1           30%                              x                                                                                                              
24                           63             F              RCMD        <1%             Int-1           40%                              x              x                                                                                                
28                           79            M             RCMD        <1%             Int-1           70%                              x                                                                                                              
29                           76            M             RCMD        <1%             Int-1           40%                              x                                                                                                              
Cytopenia at baseline, response at primary endpoint and time-point of a robust response are shown in this table for all 30 patients.  UPN: unique patient number; WHO: World Health
Organization; PNH: paroxysmal nocturnal hemoglobinuria; IPSS: International Prognostic Scoring System; ANC: absolute neutrophil count; Hb: hemoglobin; Plt: platelets; M: male; F:
female; NR: non-response; RCMD: refractory cytopenia with multilineage dysplasia; RCUD: refractory cytopenia with unilineage dysplasia; MDS-U: myelodysplastic syndrome-unclassifi-
able; RARS: refractory anemia with ringed sideroblasts; int-1: intermediate 1; int-2: intermediate 2.
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tained a hematologic response with a median follow up
of 15 months off drug (range, 12-21 months). Declining
counts were noted in four patients and eltrombopag was
restarted at the last effective dose; all patients achieved a
second robust response after a median of 12 months
(range, 9-14 months) of additional eltrombopag treat-
ment. At the time of data cut, eltrombopag was being
tapered in all of these four patients. Of the remaining two
robust responders, one developed a PNH clone and
intravascular hemolysis, and another patient had disease
progression. 
Four of 14 patients who had achieved single lineage

response at the primary endpoint sustained their response
on the extension arm but discontinued treatment: one
was lost to follow-up, one remained refractory to reiniti-
ation of eltrombopag which was originally discontinued
due to thrombocytosis, and two had progressive disease
according to IWG criteria. 

Predictors of response 
On univariate analysis, the presence of more than 1%

glycosylphosphatidylinositol-deficient neutrophils
(P=0.036), thrombopoietin levels ≥2219 pg/mL (P=0.008),
thrombocytopenia with or without other cytopenia
(P=0.015), and hypocellular marrow (P=0.036) at baseline
correlated with response to eltrombopag (Online

Supplementary Table S6A, B). Other baseline features such
as age, absolute reticulocyte count, and ANC were not
predictive. At baseline, median thrombopoietin plasma
levels were significantly higher in patients who achieved
response compared with levels in non-responders (median
2766 pg/mL vs. 562 pg/mL, P=0.018) (Figure 1D). Among
the responders, the two subjects with low thrombopoietin
levels failed to achieve a robust response. At the primary
endpoint, thrombopoietin levels remained elevated in
responders compared to the levels in non-responders
(median 2565 pg/mL vs. 1840 pg/mL). High thrombopoi-
etin levels were also associated with better survival
according to Cox regression analysis (hazard ratio <1;
P=0.024) (Online Supplementary Table S6C). We also com-
pared thrombopoietin levels among MDS patients whose
disease evolved from AA, who had hypo-MDS at diagno-
sis, or who had hyper/normocellular MDS. Hypo-MDS
was defined as bone marrow cellularity <30% in patients
younger than 70 years or <20% in those older than 70
years. Thrombopoietin levels in patients whose MDS
evolved from AA were significantly higher than those in
patients with de novo MDS at baseline and at the primary
endpoint (P=0.0067) (Figure 1E). The difference in throm-
bopoietin levels between hypo-MDS compared to
hyper/normocellular MDS was not statistically significant
(P=0.12) (Figure 1E). Response rates in patients who had
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Figure 2. Clinical outcomes of the 30 patients with myelodysplastic syndrome enrolled in the study. Swimmer plot with the clinical outcomes of responders (n=14)
and non-responders (n=16). Bars represent the follow-up time for each patient. On the timeline, black bars represent the start of eltrombopag (EPAG) treatment until
the primary outcome; blue bars represent the time for which patients continued EPAG on the extension arm; green bars represent the time that patients relapsed
and restarted EPAG; pink triangles indicate the time of disease progression; dashed blue bars indicate when patients went off drug due to robust response. An aster-
isk indicates that the patient withdrew from the study, while a cross indicates that the patient died. MDS: myelodysplastic syndrome.



been previously treated were 20% after lenalidomide,
33% after hypomethylating agents and 50% after erythro-
poiesis-stimulating agents (Online Supplementary Table S7).

Disease progression
Of all 30 patients enrolled, six (20%) had disease pro-

gression with a median time to progression of 6.5 months
(range, 3-35 months). Three responding patients pro-
gressed during the extension phase of the study with a
median time to progression of 9 months (range, 9-35
months) (Table 3). 
UPN-4, who presented with IPSS intermediate-2 and

deletion 7q at baseline, was deemed a responder at the
primary endpoint but platelet counts later declined and
myeloblasts increased from <5% to 8% after 9 months of
eltrombopag treatment. The patient died from infectious
complications after discontinuation of eltrombopag while
receiving supportive care. Platelets and ANC declined in
another responding patient 7 months after discontinuation
of eltrombopag because of the patient’s robust response;
evaluation of the bone marrow revealed an increase in
blasts and acquisition of trisomy 21. This patient under-
went successful allogeneic stem cell transplant. In UPN-14,
platelet counts fell more than 50% at 9 months on eltrom-
bopag, and the patient died from bleeding 1 month after
stopping the drug; we were unable to evaluate his bone
marrow at the time of disease progression.
Among the non-responders, three patients had disease

progression at the time of the primary endpoint evalua-
tion based on a decline in platelet counts by more than
50% when compared to the laboratory values at study
entry (Table 3). None of these patients had increased blast
percentage. In addition, UPN-19 had acquired a complex

karyotype at the primary endpoint assessment. UPN-19
and UPN-20 underwent allogeneic stem cell transplanta-
tion and are alive. UPN-24 remained dependent on
platelet transfusions at the 6-month follow up after dis-
continuing eltrombopag. 
Furthermore, two non-responding patients with an

abnormal baseline karyotype developed additional chro-
mosome abnormalities (monosomy 7 in UPN-2 and a
complex karyotype in UPN-3) at 16 weeks but did not
meet IWG criteria for disease progression. UPN-2 died
from AML 5 years after acquiring monosomy 7 and UPN-
3 died of bleeding complications 9 months after going off
study.

Somatic variants in myeloid candidate genes
At baseline, 23 of 29 patients (52%) were identified

with somatic variants in genes recurrently mutated in
myeloid malignancies. The most commonly mutated
genes were related to epigenetic regulators and splicing
factors, such as ASXL1 (21%), TET2 (17%), and SF3B1
(14%) (Figure 3A).  
At the primary endpoint, variants were found in six

responders and seven non-responders (13 of 24 patients;
54%) (Figure 3A). Novel variants were identified in two
responders (UPN-14 and UPN-4) and in three non-respon-
ders (UPN-2, UPN-9, and UPN-12). Moreover, somatic
variants in DNMT3A, BCOR, SETBP1, and ASXL1 at
baseline were no longer detected at the primary endpoint
in three non-responders (UPN-24, UPN-8, and UPN-2)
(Figure 3A). 
We investigated whether eltrombopag promoted the

expansion of clones identified at baseline. We found no
difference in the allele frequencies of variants detected
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Table 3. Clinical characteristics of patients who progressed on study.
                                                                                            Responders                                                                           Non-responders
                                                             UPN-4                         UPN-6                  UPN-14                         UPN-19                  UPN-20**             UPN-24

Age, years                                                            79                                       53                               85                                         55                                  63                             63
Sex                                                                         M                                       M                               M                                         M                                   M                              F
IPSS                                                                    Int-2                                  Int-1                           Low                                    Int-1                              Int-1                        Int-1
Baseline
Cytogenetics                                          45,XY,-7[20]                       46,XY[20]                 46,XY[20]                        46,XY,del (5)                46,XY,t(1;9)              46,XX[20]

                                                                                                                                                                                                (q13q33)[20]            (p34;q22)[20]                   
Bone marrow blasts (%)                          <5%                                  <2%                          <5%                                    <5%                              <5%                         <5%

Baseline or best response
ANC (x109/L)                                                 0.71                                     3.6                              4.9                                       1.62                               1.64                           1.1
Hemoglobin (g/dL)                                      8.6                                     12.9                            12.9                                       8.9                                 9.1                             11
Platelets (x109/L)                                          70                                       64                               93                                        202                                 93                             20

Disease progression*
Cytogenetic                                            45,XY,-7[20]          47,XY,+21[11]/46,XY[9]           NA                      46,XY[3]/46,XY,del(5)        46,XY,t(1;9)              46,XX[20]

                                                                                                                                                                                    (q13q33)[9]/47,idem, (p34;q22)[20]
                                                                                                                                                                                             +21[5],46,idem, 
                                                                                                                                                                                               I(21)(q10)[5]                                                           
Bone marrow blasts (%)                            8%                                      6%                             NA                                      <5%                              <5%                         <5%
ANC (x109/mL)                                               0.4                                     1.92                             3.9                                       1.13                                2.1                           0.82
Hemoglobin (g/dL)                                      9.9                                      13                             13.1                                       8.9                                 9.1                             10
Platelets (x109/mL)                                       22                                       46                               10                                         66                                  43                              7

Time on eltrombopag  (months)                    9                                        28                                9                                           3                                     3                               4
Time to progression (months)                       9                                        35                                9                                           3                                     3                               4
Present status                                             Deceased                             Alive                     Deceased                               Alive                              Alive                        Alive
*According to the modified 2006 International Working Group criteria; **UPN-20 was noted to have peripheral blasts at the time of progression; UPN: unique patient number;
M: male; F: female; IPSS: International Prognostic Scoring System; Int-1: intermediate 1; Int-2: intermediate;  NA: not available; BM: bone marrow; ANC: absolute neutrophil count;
Hb: hemoglobin.



before and after eltrombopag, regardless of the patients’
response (P=0.85) (Figure 3B, C). No particular gene was
associated with either expansion or reduction in the size
of clones. Among four patients who progressed on study,
according to IWG criteria, and had samples available for
longitudinal analysis, only two acquired novel clones at
progression (UPN-6 and UPN-20) (Online Supplementary
Figure S2). At progression, a novel ASXL1 clone was
found in UPN-20. UPN-6 progressed with trisomy 21 7
months after eltrombopag had been halted because of
robust response, with concomitant expansion of the

ASXL1 clone (variant allele frequency of 24%-39%) and
acquisition of a RUNX1 variant (variant allele frequency
of 54%). Other clones identified at baseline remained
stable or were no longer detected after progression
(Figure 3A and Online Supplementary Figure S2).

Discussion

Our prospective, phase II study shows the efficacy of
eltrombopag in inducing multilineage hematologic
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Figure 3. Clonal dynamics of variants identified in myeloid genes during the study. We screened 29 patients at baseline and 24 patients with samples available at the
primary endpoint for somatic variants in genes recurrently mutated in myeloid neoplasia by targeted next-generation sequencing (Online Supplementary Table S2). (A)
Summary of somatic variants identified in enrolled patients at baseline and at the primary endpoint. For each patient, white and gray columns represent the baseline
and primary endpoints (16 or 20 weeks) on eltrombopag (EPAG), respectively. For each time-point, the trilineage responses, normal or abnormal cytogenetics, the fre-
quency of somatic variants, and disease progression status are represented by different colors specified under the panel. Patients were grouped into responders and
non-responders after EPAG treatment and then sorted by variant numbers (highest to lowest). The variant names, the number of variants, and gene functions are also
indicated in the panel for each patient. Of note, other than a single nonsense variant, all the ASXL1 mutations were frameshift. Also, both patients with mutated SF3B1
had the K700E variant. (B) Variant allele frequencies of the somatic variants identified at baseline (pre-EPAG) and at the primary endpoint (post-EPAG) in the entire
cohort. (C) Variant allele frequencies of somatic clones identified pre- and post-EPAG according to the patients’ response. 
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responses in about half of LR-MDS patients. Moreover,
peripheral blood cell counts continued to improve with
longer treatment duration and were sustained in some
patients after discontinuation of eltrombopag. Our results
confirm and extend observations of previous studies with
thrombopoietin agonists, eltrombopag and romiplostim,
which demonstrated platelet responses and reduction of
thrombocytopenia-related adverse events in patients with
LR-MDS and low platelet counts.21,22 The quality of the
hematologic response, with one-third of patients achiev-
ing a robust resposne, is encouraging, particularly consid-
ering that 40% (12/30) of patients had failed more than
two lines of prior therapies. Furthermore, counts remained
stable even after eltrombopag was discontinued and all
patients who restarted eltrombopag achieved a second
response. Remarkably, 20% (3/14) of the responding
patients in our cohort achieved a major cytogenetic
response according to IWG 2006 criteria. Although this
response was noted in small clones with abnormal kary-
otypes (Online Supplementary Table S5), these findings may
indicate that eltrombopag preferentially stimulates normal
hematopoietic stem and progenitor cells. 
The toxicity profile in this study is comparable to that in

previous studies in bone marrow failure,17-20 with only a
few instances of temporary dose interruptions because of
transient elevations of liver transaminases. Increased reti-
culin fibrosis (grade 1 to grade 3) was noted in one patient
with disease progression, which could not be clearly
attributed to either the study drug eltrombopag or under-
lying disease.
Baseline characteristics of a PNH clone, elevated throm-

bopoietin levels, thrombocytopenia with or without
another cytopenia, and low marrow cellularity correlated
with response to eltrombopag are novel findings in our
study. Patients with a previous history of AA or hypo-
MDS at diagnosis may benefit from eltrombopag treat-
ment more than do patients with more typical hyper/nor-
mocellular MDS (Online Supplementary Table S6B). The
efficacy of immunosuppressive treatments and eltrom-
bopag in AA and a group of LR-MDS patients suggests the
existence of similar pathological mechanisms in these syn-
dromes.14,29 Eltrombopag has been reported to modulate T
regulatory cells, restore Fc-γ receptor balance in phago-
cytes, and to mobilize intracellular iron,30-32 but the exact
mechanism of any interaction between eltrombopag and
the immune system needs further investigation.
Despite the benefit of eltrombopag in improving

cytopenias in patients with LR-MDS, one major concern
regarding the use of thrombopoietin mimetics in myeloid
malignancies is the expansion and stimulation of malig-
nant clones. We found no correlation between patients’
somatic gene mutation profile and hematologic response
or progression of disease in our study. Our cohort included
a large number of patients with hypo-MDS at diagnosis
and whose MDS evolved from AA, some with the other
features of immune-mediated marrow failure (PNH clone,
elevated thrombopoietin levels, marrow hypocellularity),
but overall the somatic mutation profile was representa-
tive of MDS. Frequently mutated genes were ASXL1
(21%), TET2 (17%) and SF3B1 (14%), a different profile
from that typical of AA (BCOR, BCORL1, PIGA, and
DNMT3A).33
No patient progressed to AML on study. One patient

developed AML after having been off study for 5 years,
consistent with the natural history of MDS, and this event
was most likely not due to the earlier brief course of
eltrombopag. Similar to our results, eltrombopag
monotherapy was also not associated by others with an
increased progression to AML in LR-MDS patients,21 being
reported only in high-risk patient populations (those with
refractory anemia with excess blasts-1 and -2 with romi-
plostim treatment), with a higher dose of eltrombopag
(300 mg/day), and combination therapy with azacyti-
dine.25,34 Six patients progressed on study (20%), compris-
ing three responders and three non-responders. The rate of
progression observed in our study is similar to that in a pre-
vious eltrombopag trial (12%).21 There was a difference in
the timing and the type of progression between responders
and non-responders; in non-responders the only criterion
for progression before or at the time of the primary effica-
cy assessment was a decline in platelets, whereas respon-
ders had both cytopenia and an increased percentage of
blasts during the extension phase. While eltrombopag at
150 mg/day did not appear to result in progression to AML
in LR-MDS patients, caution is indicated in the treatment
of individual patients and further clinical studies are war-
ranted. Our conclusions do not apply to eltrombopag in
patients with high-risk IPSS scores or high-risk cytogenet-
ics irrespective of IPSS. Until further data are available,
close monitoring of peripheral blood counts, and frequent
bone marrow and cytogenetic evaluations should be per-
formed while patients are on eltrombopag. 
The appearance of transient cytogenetically abnormal

clones was observed in patients during the extension arm,
a phenomenon that has also been reported in treatment-
naïve AA patients after immunosuppressive treatment
alone and with eltrombopag monotherapy for refractory
AA.35 In MDS, some transient clones seem to be associated
with better outcomes and may reflect momentary
episodes of genetic instability, not of long-term clinical sig-
nificance.36 In addition, no clonal expansion was noted
after treatment with eltrombopag in either responders or
non-responders in our trial. 
In conclusion, our results indicate that eltrombopag as

monotherapy is well tolerated and can be effective treat-
ment for patients with low to intermediate-1 risk MDS.
Our study not only confirmed the previously reported
platelet response27 but showed robust and durable trilin-
eage responses. Hypocellular marrow, elevated throm-
bopoietin, and a PNH clone predicted response to eltrom-
bopag treatment. The main limitations of the study are
the small sample size and the unique patients’ characteris-
tics resulting from the referral pattern of our institution.
Further larger, prospective and controlled studies are war-
ranted to better define the role of eltrombopag in the
treatment of LR-MDS. 
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