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Myelodysplastic syndromes (MDS) result in abnormal blood cell
development, cytopenias, and risk of progression to acute mye-
loid leukemia (AML).1 Most patients with lower-risk MDS (LR-
MDS) have anemia, but patients can also have neutropenia and/
or thrombocytopenia with significant clinical implications.2-4

Treatments for anemia include red blood cell (RBC) transfu-
sions, erythropoiesis-stimulating agents (ESAs), hypomethylating
agents (HMAs),5 or lenalidomide.5 However, RBC transfusions
can result in iron overload6,7; patients can become resistant to
ESAs,4,8 and HMAs and lenalidomide have been associated with
grade 3 or 4 neutropenia and thrombocytopenia.9,10 Luspater-
cept is a first-in-class erythroid maturation agent that binds sev-
eral transforming growth factor-b (TGF-b) superfamily ligands
to diminish Smad2/3 signaling and enhance late-stage erythro-
poiesis.11 Its efficacy and safety were demonstrated in the
phase 3, placebo-controlled MEDALIST trial in RBC transfusion-
dependent patients with LR-MDS with ring sideroblasts (RS).12

In this study, significantly more luspatercept-treated patients
achieved RBC transfusion independence for $8 weeks during
weeks 1 to 24 (37.9% vs 13.2%; P , .001).12 Significantly more
patients in the luspatercept arm achieved hematologic improve-
ment-erythroid (HI-E), as per 2006 International Working Group
(IWG) criteria,13 during weeks 1 to 24 (52.9% vs 11.8%; P ,

.001) and weeks 1 to 48 (58.8% vs 17.1%; P , .001).12 Here, we
report the effect of luspatercept on lineages outside the ery-
throid compartment, including platelets and neutrophils, and
the HI for these lineages in MEDALIST patients cytopenic at
baseline.

Full details of the MEDALIST trial (NCT02631070) have been
published.12 Briefly, 229 adults with LR-MDS (defined as very
low-, low-, or intermediate-risk MDS per the Revised Interna-
tional Prognostic Scoring System [IPSS-R]14) with RS (either
$15% or $5% if SF3B1 mutation was present), who were refrac-
tory to, intolerant of, or unlikely to respond to ESAs (serum
erythropoietin .200 U/L) and required RBC transfusions, were

randomized 2:1 to receive luspatercept (n 5 153) or placebo
(n 5 76) subcutaneously every 3 weeks for 24 weeks.

Data cutoff for the current analysis was July 1, 2019. The sec-
ondary endpoints reported are mean neutrophil and platelet
counts; mean neutrophil and platelet changes from baseline;
proportions of patients achieving absolute increases in neutro-
phil and platelet counts of $0.5 3 109/L and $30 3 109/L,
respectively; proportions of patients achieving HI-neutrophil
(HI-N) and HI-platelet (HI-P) during weeks 1 to 24 and 1 to 48;
and hematological toxicities (neutropenia and thrombocytope-
nia). HI-N is defined as neutrophil increase of .0.5 3 109/L and
$100% among patients with pretreatment levels ,1 3 109/L.13

HI-P is defined as platelet increase, without platelet transfusion,
of $30 3 109/L (.20 3 109/L at baseline), or of .20 3 109/L
and $100% increase (,20 3 109/L at baseline) among patients
with pretreatment levels ,100 3 109/L.13

Median age of patients in the MEDALIST trial was 71 years;
62.9% were male.12 Most patients (95.6%) had refractory cyto-
penia with multilineage dysplasia and RS (RCMD-RS), and 91.0%
of those with available data had SF3B1 mutations (Table 1).12

Mean baseline absolute neutrophil count (ANC) was 2.8 3 109/
L, and 25 patients (10.9%) had neutropenia (neutrophils ,1 3

109/L per IWG 2006 criteria13): 15 (9.8%) of the luspatercept arm
and 10 (13.2%) of the placebo arm (Table 1). Mean baseline
platelet count was 257 3 109/L, and 14 (6.1%) patients had
thrombocytopenia (platelets ,100 3 109/L per IWG 2006 crite-
ria13): 8 (5.2%) of the luspatercept arm and 6 (7.9%) of the pla-
cebo arm (Table 1). Table 1 also lists characteristics of patients
with baseline neutropenia or thrombocytopenia.

Among all randomized patients, 124 (81.0%) vs 39 (51.3%)
patients in the luspatercept and placebo arms, respectively,
achieved mean absolute increase in neutrophils of $0.5 3 109/L
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for 56 consecutive days compared with baseline (Figure 1A).
Similarly, 108 (70.6%) vs 32 (42.1%) patients in the luspatercept
vs placebo arms achieved mean absolute increase in platelets of
$30 3 109/L (Figure 1B), maintained through week 25. By cycle
5, day 8, mean change from baseline in neutrophils was 0.95 3

109/L vs 0.04 3 109/L in the luspatercept and placebo arms,

respectively (Figure 1C). By cycle 4, day 1, mean change from
baseline in platelets was 28.7 3 109/L in the luspatercept arm
and 0.9 3 109/L in the placebo arms (Figure 1D). Mean neutro-
phil and platelet counts are presented in Figure 1E-F. Although
the increased levels of both neutrophils and platelets were main-
tained throughout luspatercept treatment (weeks 1-24), they did
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Figure 1. Neutrophil and platelet improvements. Achievement of mean (A) absolute neutrophil increase $0.5 3 109/L and (B) absolute platelet increase $30 3

109/L. Mean change from baseline in (C) neutrophils and (D) platelets over time. Mean counts of (E) neutrophils and (F) platelets. Dashed lines indicate (C) a mean
change from baseline of 0.9 3 109/L and (D) a mean change from baseline of 30 3 109/L. BL, baseline; C, cycle; D, day; SD, standard deviation; SE, standard error.
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not exceed the upper-limits-of-normal values for adults to be
considered a safety concern. The observed mean absolute
increases in neutrophils and platelets were not dose-dependent.

Of the 25 patients evaluable for HI-N, more of those random-
ized to luspatercept vs placebo achieved HI-N during weeks 1
to 24 (13.3% vs 0.0%) and weeks 1 to 48 (20.0% vs 10.0%). Simi-
larly, of the 14 patients evaluable for HI-P, more luspatercept- vs
placebo-treated patients achieved HI-P during weeks 1 to 24
(50.0% vs 33.3%) and weeks 1 to 48 (62.5% vs 33.3%). These
findings potentially support the use of luspatercept to treat
patients with LR-MDS with RS who are often neutropenic and/or
thrombocytopenic and anemic. However, the HI-N and HI-P
responses in the placebo arm might highlight the normal oscilla-
tions seen in blood counts of patients with LR-MDS. Coupled
with the low numbers of patients evaluable for HI-N and HI-P,
these results should be interpreted with caution.

Treatment-emergent grade 3 or 4 neutropenia was infrequently
reported, with lower incidence in the luspatercept vs the pla-
cebo group (7/153 [4.6%] vs 6/76 [7.9%]) and may have repre-
sented normal fluctuations in patients’ blood counts. No grade
3 or 4 treatment-emergent thrombocytopenia was reported in
either treatment arm. These rates of grade 3 or 4 cytopenias are
much lower than those observed with other therapies for MDS,
including decitabine,15 azacytidine,16 and lenalidomide, which in

a phase 3, randomized, placebo-controlled trial in patients with
lower-risk non-del(5q) MDS showed high rates of grade 3 or 4
neutropenia (61.9% vs 12.7%) and thrombocytopenia (35.6% vs
3.8%).10

Despite the increase in neutrophil counts, there was a slight in-
crease in infection rate with luspatercept compared with pla-
cebo. Infection was reported in 4 of 9 (44.4%) and 3 of 7
(42.9%) luspatercept- and placebo-treated patients, respectively,
who experienced neutropenia (any grade) during the study.
Overall infection rates for luspatercept and placebo patients
were 53.6% and 40.8%, respectively. The infections were not
opportunistic and were mostly grade 1 to 2 in severity. The dif-
ferences in infection rates were not assessed, as this study was
not designed or powered for this purpose. Bleeding was not
reported in any luspatercept- or placebo-treated patients who
experienced thrombocytopenia (any grade) on study. Among
patients who achieved HI-N or HI-P, 1 patient in the luspater-
cept arm progressed to higher-risk MDS, but none progressed
to AML.

Although only a minority of patients were evaluable for HI-P/
HI-N, luspatercept treatment resulted in a mean increase from
baseline in platelet and neutrophil counts in most patients over-
all vs placebo. Mean neutrophil and platelet count increases
were observed early on luspatercept treatment and persisted to
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Figure 1. (Continued)
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week 25. This could be associated with the positive effect of lus-
patercept on hematopoietic stem and progenitor cell expansion
by modulating the structure of extracellular matrix17 or by direct
inhibition of transforming growth factor-b signaling.18 In the 25
patients with baseline neutropenia and 14 patients with baseline
thrombocytopenia, higher proportions of patients in the luspa-
tercept vs placebo arms achieved HI-N and HI-P during weeks 1
to 24 and weeks 1 to 48. As meaningful statistical analyses were
not possible because of small sample sizes, these results should
be treated with caution.
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Aged healthy mice acquire clonal
hematopoiesis mutations
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Recent studies have revealed the presence of clonally expanded
cells with somatically acquired cancer-associated mutations
within normal human tissues,1-5 including in blood from healthy
elderly individuals, where these identify individuals with clonal
hematopoiesis (CH).3-5 Among the most prevalent CH mutations
are those seen in DNMT3A, TET2, ASXL1, and TP53,3-5 impli-
cated as initiating mutations in myeloid malignancies.6,7 CH
confers increased risk for later development of myeloid malig-
nancies.3-5 However, most CH cases never develop any malig-
nancy, and mechanisms enhancing transformation risk and
clonal advantage of CH mutations remain unclear.5 Unraveling
these mechanistic aspects of CH could greatly benefit from
studies in genetically modified mice. Such studies have already
provided some insights, but with conflicting results.8-10 Because
the relevance of mice for modeling of CH mutations, myeloid
malignancies, and cancer in general has been questioned,5,9-11

it would be important to establish to what degree mutations
seen in human CH also occur spontaneously and promote clonal
expansion in normal-aged mice. CH mutations have yet to be
described in mice screened for spontaneous oncogeneic muta-
tions,12 potentially because of the few mice investigated and
sequencing strategies with insufficient sensitivity to detect small
clones12 as human CH mutations, often occur early in life, but
are often first detected in aged individuals (.70 years of age)
when the clones have become large enough for detection with
existing methodology.5,13 The much lower number of mouse
hematopoietic stem cells (HSCs)14,15 and their shorter lifespan
(2 to 3 years) suggest that CH mutations would occur at a much
lower rate in mice and prove more difficult to detect than in
human. However, the much smaller size of the mouse and fewer

HSCs could potentially enable detection of CH clones in aged
mice. We screened (supplemental methods, available on the
Blood Web site) for the most common CH mutations in up to
24-month-old wild-type C57BL/6j mice, the most extensively
used mouse strain for studies of normal and malignant hemato-
poiesis, including genetically modified mice with CH muta-
tions.8-10 DNA isolated from single aged human (70 to 75 years;
n 5 6) or mouse (24 months; n 5 6) HSC-derived cells was sub-
jected to whole-genome sequencing, and bulk bone marrow
(BM) of aged (n 5 97) and transplanted (n 5 88) mice to digital
droplet polymerase chain reaction (ddPCR) analysis and error-
corrected targeted DNA sequencing (ECTS). Similar to cultured
fibroblasts,16 but not previously investigated for HSCs, we
observed a significantly higher mutation rate (8.5-fold) in mouse
compared with human HSCs (Figure 1A; supplemental Figure 1A).
In line with previous reports,14,17 aged human HSCs con-
tained �1000 mutations (Figure 1B). Although a 2-year old
laboratory mouse approximates a 70-year-old human individ-
ual in relative lifespan, the increased mutation rate in mouse
HSCs did not result in comparable mutational accumulation,
as aged mouse HSC mutations were fivefold lower than in
aged human HSCs (Figure 1B). Despite their differences in
lifespan, mutations in aged mouse HSCs were distributed
among similar genomic regions, dominated by the aging-
associated COSMIC signature 1 featured by enrichment of
C.T transitions at CpG dinucleotides18 in both aged human
and mouse HSCs14,17 (Figure 1C-E; supplemental Figure 1B-C).
Together with the estimated HSC pool size in mice vs
humans,14,15 this suggests that although mutations targeted to
CH-associated genes would be much more frequent in aged
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