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TO THE EDITOR:

Myelodysplastic syndromes/myeloproliferative neoplasm with ring
sideroblasts and thrombocytosis (MDS/MPN-RS-T) is a myeloid
disorder with myelodysplastic and myeloproliferative features
[1, 2]. MDS/MPN-RS-T-associated anemia causes fatigue, reduced
quality of life, and worse survival [3-5]. Patients with MDS/MPN-
RS-T have favorable overall survival compared to patients with
MDS-RS [6]; however, ~50% of patients require red blood cell
(RBC) transfusions resulting in protracted transfusion dependence.
Patients with MDS/MPN-RS-T also have a fourfold higher
thrombotic event risk compared to patients with MDS with ring
sideroblasts (MDS-RS) [7]. Treatment of MDS/MPN-RS-T aims to
improve anemia, reduce thrombotic event risk, lower platelets,
and/or modify the disease course [6, 8]. However, data supporting
the efficacy of these treatments are scarce.

Luspatercept is a first-in-class erythroid maturation agent that
binds several transforming growth factor-3 superfamily ligands,
enhancing late-stage erythropoiesis [9]. The results of the phase 3
MEDALIST study (NCT02631070) [10] led to its approval by the US
Food and Drug Administration and the European Medicines Agency
for the treatment of anemia in adults with lower-risk MDS-RS or
MDS/MPN-RS-T requiring =2 RBC units/8 weeks after erythropoiesis-
stimulating agent (ESA) failure [11]. Here, we report a post hoc
analysis of luspatercept efficacy and safety in patients with MDS/
MPN-RS-T from the MEDALIST study. The MEDALIST study enrolled
229 adults with lower-risk MDS-RS who required =2 RBC units/
8 weeks and were refractory or intolerant to ESAs [10]. Patients were
randomized 2:1 to luspatercept or placebo, administered subcuta-
neously every 3 weeks for 24 weeks. Luspatercept starting dose was
1.0 mg/kg, with titration to a maximum of 1.75 mg/kg, according to

transfusion requirements and adverse events [10]. The diagnosis of
patients with MDS/MPN-RS-T in the intention-to-treat population
was performed using cytomorphologic, cytogenetic, and molecular
genetic results and blood counts.

Of the 229 patients in MEDALIST study, 23 (10.0%) had MDS/
MPN-RS-T; 14 were randomized to luspatercept and 9 to placebo.
Baseline characteristics that differed between the two arms
included lower median leukocyte count (4.8 vs 7.5 x 10%/dL) and
serum ferritin (1062 vs 1460 pg/dL), and higher serum erythro-
poietin (sEPO) (71.9 vs 54.0 U/L) (Fig. 1A). Median (range) follow-up
times were 27.4 (3.5-35.6) and 13.8 (3.3-32.2) months in the
luspatercept and placebo arms, respectively.

The primary endpoint in the MEDALIST study was RBC transfusion
independence (RBC-Tl) =8 weeks during weeks 1-24. Secondary
endpoints included: modified hematologic response—erythroid
(mHI-E; mean hemoglobin increase >1.5g/dL [patients receiving
<4 RBC units/8 weeks at baseline] or a reduction of =4 units RBC
transfusion [patients receiving >4 RBC units/8 weeks at baseline],
over 56 consecutive days) [12]; =1.0 g/dL hemoglobin increase from
baseline over 56 consecutive days during weeks 1-24; rates
of progression to acute myeloid leukemia (AML); and incidence of
treatment-emergent adverse events (TEAEs). A post hoc analysis of
clinical benefit (defined as RBC-TI 28 weeks and/or mHI-E during
weeks 1-24) was also performed. All P values are descriptive and not
adjusted for multiplicity.

As of July 2019, a significantly higher proportion of patients
with MDS/MPN-RS-T randomized to luspatercept achieved RBC-TI
>8 weeks during weeks 1-24 (64.3 vs 22.2%; P =0.028); mHI-E
(71.4 vs 11.1%; P =0.006); and clinical benefit (78.6 vs 33.3%; P =
0.034), vs placebo (Fig. 1B). The median (range) time from clinical
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. Luspatercept Placebo Total
Characteristic (n=14) (n=9) (n=23) B Luspatercept (n = 14) B Placebo (n =9)
Age, median (range), years 69.5 (56-83) 66 (26-81) 69 (26-83)
Male, n (%) 6 (42.9) 6 (66.7) 12 (52.2) 128 ] P=.034¢

—— — - - : P =.006°
Time since original MDS diagnosis, 49.9 (10.0-108.0) | 44.1 (9.2-152.1) | 47.3 (9.2-152.1) 804  P=.028
median (range), months 70
IPSS-R risk category, n (%) 9 )

Very low 0 1(11.1) 1(4.3) » %07

Low 12 (85.7) 8(88.9) 20 (87.0) € 50+

Intermediate 2(14.3) 0 2(8.7) £ 404
Mutated SF3B1 13(92.9) 8 (88.9) 21(91.3) e 304
Hemoglobin level,?median (range), g/dL 7.5(7.0-8.6) 8.1(7.6-9.0) 7.7 (7.0-9.0) fg B
Platelet count,? median (range), x 10%dL | 462.5 (360-892) 447 (327-689) 447 (327-892) 0 :

o count median (range). 48@5124) | 75(@2129) | 51@25129) RBC-TI 28 weeks mHIE Cinical benefit
Neutrophils, median (range), x 10°%/dL 3.1(1.3-10.3) 4.4 (1.1-12.0) 3.4 (1.1-12.0)

Serum ferritin, median (range), ug/dL 1062 (282-2591) | 1460 (484-5849) | 1130 (282-5849) No. of patients Wi'h

SEPO,® median (range), U/L 71.9 (29.2-368.8) | 54.0 (38.2-138.1) | 59.9 (29.2-368.8) response (%)

sEPO,’level category, n (%) Luspatercept 9 (64.3) 10(71.4) 11 (78.8)

zggg 3;:: Z (2‘5‘3) 9 (180-0) 1:((2718'73) Placebo 2(22.2) 1(11.1) 3(33.3)

R'BCt sonburd o 5 @51 7 OR (95% Cl)  11.25(1.19-106.12) 20.00 (1.85-216.18)  7.33 (1.11-48.26)
ranstusion buraen, median (range), . _ _
Unite/8 weeks over 16 weeke 4.0 (2.5-8.0) 4.0 (2.0-11.5) 4.0 (2.0-11.5)
RBC transfusion burden category over C
16 weeks, n (%)
o ek e sz | swma | seen
0 <6 units/8 weeks B . .

26 units/8 weeks 2(14.3) 2(22.2) 4(17.4) Luspatercept | Placebo P | Luspatercept| Placebo P
Prior ESA, n (%) 13(92.9) 8(88.9) 21(91.3) (n=14) (n=9) (n=14) (n=9)
Reason for ESA discontinuation, n (%) :

Refractory 12 (85.7) 8 (88.9) 20 (87.0) tﬁ‘r’;;f"if‘;i")’" 5/6(83.3) | 2/4(50.0)|.285| 4/6(66.7) | 0/4(0.0) | .046

Intolerant 1(7.1) 0 1(4.3) !

Missi 1(71 1(11.1 2(8.7 i i

's8ng i 7.1 a1 &7 High transfusion | 4050 0) | 0/5(0.0) | .068| 6/8(75.0) |1/5 (20.0)| .063

Prior iron chelation therapy, n (%) 3(21.4) 3(33.3) 6(26.1) burden,’n (%)

Fig. 1

Baseline characteristics and treatment response of patients with MDS/MPN-RS-T in the MEDALIST trial. Baseline characteristics (A).

Rates of RBC-TI 28 weeks, mHI-E, and clinical benefit during weeks 1-24 (B). Response during weeks 1-24 by baseline transfusion burden (C).
Cl confidence interval, CMH Cochran-Mantel-Haenszel, ESA erythropoiesis-stimulating agent, IPSS-R Revised International Prognostic Scoring
System, MDS myelodysplastic syndromes, MDS/MPN-RS-T myelodysplastic syndromes/myeloproliferative neoplasm with ring sideroblasts and
thrombocytosis, mHI-E modified hematologic improvement-erythroid, OR odds ratio, RBC red blood cell, RBC-TI red blood cell transfusion
independence, sEPO serum erythropoietin. ®Last value measured on or before the date and time of the first dose of luspatercept/placebo.
PHighest value within 35 days before the first dose of luspatercept/placebo. “CMH test stratified for average baseline RBC transfusion
requirement (26 vs <6 units of RBC per 8 weeks) and baseline IPSS-R score (Very low or Low vs Intermediate). “Un-stratified CMH test. *Defined
as baseline transfusion burden <4 RBC units/8 weeks. ‘Defined as baseline transfusion burden >4 RBC units/8 weeks.

benefit start to the end of treatment was 94.6 (range 8.0-150.0)
weeks in the luspatercept arm and 23.9 (range 23.7-57.9) weeks
with placebo. A numerically higher number of low transfusion
burden patients (<4 units/8 weeks) randomized to luspatercept vs
placebo achieved RBC-TI =8 weeks (5/6 [83.3%] vs 2/4 [50.0%]; P =
0.285) during weeks 1-24, and a significantly greater proportion
achieved mHI-E (4/6 [66.7%)] vs 0/4 [0.0%]; P = 0.046) (Fig. 1C). A
numerically higher number of high transfusion burden patients
(=4 units/8 weeks) randomized to luspatercept vs placebo
achieved RBC-TI =8 weeks (4/8 [50.0%] vs 0/5 [0.0%]; P = 0.068)
and mHI-E (6/8 [75.0%] vs 1/5 [20.0%]; P = 0.063) (Fig. 1C). RBC-TI
>8 weeks during weeks 1-48 was achieved by 64.3% of patients
randomized to luspatercept vs 33.3% for placebo (P = 0.088). RBC-
Tl =48 weeks at any time during treatment was achieved by 28.6%
of patients randomized to luspatercept vs no placebo patients;
among those patients in the luspatercept group who had reached
RBC-TI =8 weeks at any time during treatment, 40.0% achieved
RBC-TI =48 weeks, vs no placebo patients (Fig. 2A).

Despite limited numbers, the value of luspatercept for
patients with MDS/MPN-RS-T is supported by comparisons with
data from the entire MEDALIST study population. The achieve-
ment of RBC-TI =8 weeks during weeks 1-24 among patients
with MDS/MPN-RS-T randomized to luspatercept vs placebo
(64.3 vs 22.2%) was higher than in the overall MEDALIST
population (37.9 vs 13.2%) [10]. Similarly, mHI-E was achieved in
714 vs 11.1% of patients with MDS/MPN-RS-T randomized to
luspatercept vs placebo, compared to 52.9 vs 11.8% in the
overall MEDALIST population [10].

After 24 weeks of treatment, patients randomized to luspater-
cept had increases from baseline in mean [standard deviation, SD]
hemoglobin (7.7 [0.5]-9.5 [1.1]g/dL), leukocytes (5.3 [2.6]-7.8
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[4.11x 10°%/dL), and neutrophils (3.4 [2.4]-5.1 [3.4] x 10%/dL), while
platelet levels remained stable (515 [156] and 539 [274] x 10°/dL)
(Fig. 2B). Although the increase in hemoglobin levels after
24 weeks among patients with MDS/MPN-RS-T was not signifi-
cantly different between luspatercept and placebo, the absolute
magnitude of increase was nominally higher (+1.7 vs +0.9 g/dL)
[10]. Patients randomized to luspatercept vs placebo had a
significantly greater increase in mean leukocyte count but not
mean platelet or neutrophil counts. At baseline, patients with
MDS/MPN-RS-T had a higher median platelet count than the
overall MEDALIST population (447 vs 234 x 10%/dL) as expected,
had lower median sEPO (59.9 vs 153.2 U/L), were less likely to have
received iron chelation therapy (26.1 vs 48.5%), and had lower
median transfusion burden (4.0 vs 5.0 units/8 weeks), consistent
with their higher RBC-TI and mHI-E response rates [10].

The most common TEAEs of any grade in the luspatercept arm
were dizziness, nausea, diarrhea, and asthenia (Fig. 2C). TEAEs
leading to discontinuation occurred in 2 of 14 (14.3%) patients
in the luspatercept arm and 3 of 9 (33.3%) in the placebo arm.
One patient randomized to luspatercept experienced a transient
ischemic attack. One patient randomized to placebo experi-
enced progression to AML (P =0.202) vs none randomized to
luspatercept.

Recommendations for the treatment of patients with MDS/
MPN-RS-T include ESAs and transfusions for anemia, and
lenalidomide for anemia and platelet-level reduction [7, 8].
Recommendations for the use of lenalidomide for patients with
MDS/MPN-RS-T are based on case reports totaling 12 patients [13]
and a retrospective analysis of 167 patients [14], rather than
clinical trials; the use of ESAs is based on a single retrospective
study which included 40 patients with MDS/MPN-RS-T, of whom
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B Luspatercept M Placebo TEAE of any grade, Luspatercept Placebo
n (%) (n=14) (n=9)
100 Dizziness 7 (50.0) 0(0.0)
90 4 Nausea 6 (42.9) 2(22.2)
80 4 Diarrhea 6 (42.9) 1(11.1)
Asthenia 6 (42.9) 1(11.1)
70
Pyrexia 5(35.7) 1(11.1)
% N P = .206° Cough 5(35.7) 1(11.1)
'n:'; 50 + Weight decreased 4 (28.6) 1(11.1)
& 404 P =084 Upper abdominal pain 3(21.4) 1(11.1)
30 4 Decreased appetite 3(21.4) 1(11.1)
Fall 3(21.4) 1(11.1)
20 4
Dyspnea 3(21.4) 0(0.0)
10 + N
09 03 Hypertension 3(21.4) 0(0.0)
o0 - Lethargy 3(21.4) 0(0.0)
RBC-TI 248 weeks RBC-TI 248 weeks in .
patients who achieved Vomiting 3(214) 000
RBC-TI 28 weeks Epistaxis 3(21.4) 0(0.0)
Luspatercept (n = 12) Placebo (n = 6) LSM difference P
Baseline Week 25 Change Baseline Week 25 Change (95% CI)°
Hemoglobin,cmean (SD), g/dL 7.7 (0.5) 9.5(1.1) +1.7 (1.1) 7.7(0.1) 8.6 (0.9) +0.9 (0.9) +0.9 (-1.110 2.8) 333
Leukocytes, mean (SD), x 10%/dL 5.3 (2.6) 7.8 (4.1) +2.5 (2.6) 7.3(3.8) 6.2 (3.0) -1.2(1.6) +3.6 (0.9 0 6.3) 012
Neutrophils, mean (SD), x 10%/dL 3.4 (2.4) 5.1(3.4) +1.6 (2.4) 5.1 (4.0) 4.1 (2.6) -0.9(1.9) +2.3 (-0.2t0 4.7) 067
Platelets, mean (SD), x 10%/dL 515 (156) 539 (274) +25 (190) 529 (128) 459 (143) —70 (109) +97 (86 to 281) 276

Fig.2 Treatment response, laboratory parameters, and TEAEs. Rates of RBC-TI >48 weeks at any time during treatment in all patients with
MDS/MPN-RS-T and in those with RBC-TI 28 weeks at any time while on treatment (A). Laboratory parameters at baseline and at week 25 of
treatment (B). TEAEs of any grade occurring in 220% of patients in either group (C€). ANCOVA analysis of covariance, Cl confidence interval,
CMH Cochran-Mantel-Haenszel, LSM least-squares mean, MDS/MPN-RS-T myelodysplastic syndromes/myeloproliferative neoplasm with ring
sideroblasts and thrombocytosis, RBC-TI red blood cell transfusion independence, SD standard deviation, TEAE treatment-emergent adverse
event. Un-stratified CMH test. ®Estimates are based on an ANCOVA model with treatment (luspatercept vs placebo) as main fact, and baseline
value as a covariate (for neutrophils, baseline leukocytes were used as a covariate). “Data are only available for six patients in the luspatercept

group and three in the placebo group.

45% achieved an erythroid response (hemoglobin increase =2.0 g/
dL or RBC-TI =8 weeks for patients who required >4 units/8 weeks)
[15], compared to 71.4% of patients treated with luspatercept
(refractory or ineligible for ESAs) in the current study. However,
this comparison should be undertaken with caution, given the
different definitions of erythroid response.

In conclusion, this subgroup analysis provides the first clinical
trial data to support the efficacy of luspatercept in patients with
MDS/MPN-RS-T, a population who currently have no proven
effective treatment options. Overall, luspatercept was found to be
effective—significantly reducing transfusion burden and improv-
ing mHI-E and leukocyte levels—with a generally well-tolerated
safety profile.
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