M) Check for updates

HLA class I allele-lacking leukocytes predict rare clonal evolution to MDS/AML in
patients with acquired aplastic anemia
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To the Editor:

Patients with acquired aplastic anemia (AA) refractory to
eltrombopag (EPAG) have been reported to respond
poorly to another thrombopoietin receptor agonist (TPO-
RA), romiplostim (ROMI), in doses of up to 10 ug/kg per
week. We analyzed the effectiveness of 20 pg/kg ROMI
in 21 patients with EPAG-refractory AA. Sixteen of 21
(76%) achieved a hematologic response in at least one
lineage at 3 months. Five of ten (50%) patients became
independent of platelet (n =2) or red cell (n =3) trans-
fusions. All 21 patients tolerated ROMI and showed no
severe (reatment-related adverse events that necessitated
ROMI discontinuation. This retrospective study is the first
to demonstrate high-dose ROMI was highly effective in
AA patients refractory to EPAG.

AA is caused by immune-mediated destruction of
hematopoietic stem and progenitor cells (HSPCs), resulting
in bone marrow hypoplasia and pancytopenia in the per-
ipheral blood [1]. Immunosuppressive therapy (IST) with
horse anti-thymoglobulin (ATG) and cyclosporine (CsA) is
the standard of care for patients with severe AA (SAA) [2].
However, ~30% of patients fail to respond, and therapeutic
options for refractory cases are limited.
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EPAG, a TPO-RA, has been shown to induce hema-
tologic recovery in about 50% of patients with AA
refractory to IST [3-6]. Moreover, EPAG was reported to
increase response rates when added to ATG/CsA in
treatment-naive SAA patients compared with a historical
cohort [7]. Although EPAG has changed the paradigm of
AA treatment, novel therapies are still needed to rescue
EPAG-refractory patients. A recent clinical trial showed
that another TPO-RA, ROMI, was effective in ~80% of
EPAG-naive patients with refractory SAA or non-severe
AA (NSAA) when administered in doses of up to 20 pg/kg
per week [8]. On the other hand, a retrospective study
from France showed that only 1 of 8 SAA patients who
received ROMI up to 10pg/kg after failing EPAG
improved, suggesting a limited role for ROMI in the
treatment of EPAG-refractory SAA [9]. The effectiveness
of 20 pg/kg ROMI (the maximum dose approved for use
in AA patients in Japan) in EPAG-refractory cases has not
been closely examined.

To determine the effectiveness of ROMI in patients
who showed no or only a marginal response to EPAG, we
retrospectively analyzed the response to ROMI in 21
AA patients and investigated pretreatment variables
associated with a response to ROMI. Table | and Sup-
plemental Table 1 show patient characteristics. Pretreat-
ment blood cell counts of the 21 patients were as follows:
neutrophils 0.16-2.33 x 10°/L, (median: 0.83 x 10%/L), Hb
5.2-12.7 g/dL (median: 7.5 g/dL), absolute reticulocytes
1-72 x 10°/L. (median: 37 x 10°/L), and platelets 2—50 x
10%/L. (median: 16 x 10%/L). The male to female ratio was
5:16 and median age at ROMI initiation was 55 years
(range: 24-73 years). Six of the 21 patients (29%) had
previously received at least one course of ATG, before
starting ROMI. All 21 had previously been treated with
EPAG at a dose of 75-100 mg/day (median: 100 mg/day,
the maximum dose approved in Japan) for 2-56 (median:
20) months. EPAG (100 mg/day) was changed to ROMI
after 2 months in one patient (Case 10) due to progression
of cytopenia. Ten patients were transfusion-dependent
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Clonal hematopoiesis in adult pure
red cell aplasia

Naohito Fujishima¥*"*?, Junki Kohmaru*'’, Souichi Koyota?, Keiji Kuba%?, Tomoo Saga*,
Ayumi Omokawa*, Yuki Moritoki*, Shigeharu Ueki*, Fumihiro Ishida®, Shinji Nakao®,
Akira Matsuda’, Akiko Ohta®, Kaoru Tohyama®, Hiroshi Yamasaki'®, Kensuke Usuki'?,
Yasuhiro Nakashima??, Shinya Sato®?, Yasushi Miyazaki'?, Yasuhito Nannya*,

Seishi Ogawa*, Kenichi Sawada'®, Kinuko Mitani'® & Makoto Hirokawa*~!

Idiopathic pure red cell aplasia (PRCA) and secondary PRCA associated with thymoma and large
granular lymphocyte leukemia are generally considered to be immune-mediated. The PRCA2004/2006
study showed that poor responses to immunosuppression and anemia relapse were associated with
death. PRCA may represent the prodrome to MDS. Thus, clonal hematopoiesis may be responsible for
treatment failure. We investigated gene mutations in myeloid neoplasm-associated genes in acquired
PRCA. We identified 21 mutations affecting amino acid sequences in 11 of the 38 adult PRCA patients
(28.9%) using stringent filtering of the error-prone sequences and SNPs. Four PRCA patients showed
7 driver mutations in TET2, DNMT3A and KDM6A, and 2 PRCA patients carried multiple mutations

in TET2. Five PRCA patients had mutations with high VAFs exceeding 0.3. These results suggest that
clonal hematopoiesis by stem/progenitor cells might be related to the pathophysiology of chronic
PRCA in certain adult patients.

Idiopathic pure red cell aplasia (PRCA) and secondary PRCA not responding to treatments for the underly-
ing diseases in adults are generally considered to be immune-mediated and are treated by immunosuppressive
therapy"’. We previously conducted the PRCA2004/2006 study and reported that poor responses to induction
therapy and anemia relapse were associated with death’°. Principal causes of death were infections and organ
failure. Different outcomes in adult PRCA patients depending on their responses to immunosuppression suggest
the heterogeneity of chronic PRCA in adults. Based on previous findings, idiopathic PRCA may be the prodrome
to myelodysplastic syndromes™, In some cases, erythroid hypoplasia/aplasia has been observed in patients with
myelodysplastic syndrome (MDS)’~"",

Theoretically, there are two potential mechanisms of unresponsiveness to immunosuppression: clonal changes
in autoaggressive lymphocytes reacting against erythroid progenitors and clonal hematopoiesis by stem/progeni-
tor cells that have undergone somatic mutations during the disease progression of PRCA. Regarding the former,
mutations in the signal transducer and activator of the transcription 3 gene (STAT3) were detected in 40% of
patients with large granular lymphocyte (LGL) leukemia'’ and have been found in PRCA", aplastic anemia,
and MDS patients'!. Kawakami et al. recently reported that STAT3 mutations were detected in 43% of PRCA
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Successful treatment of a PNH patient non-responsive to
eculizumab with the novel complement C5 inhibitor coversin

(nomacopan)

Paroxysmal Nocturnal Haemoglobinuria (PNH) is a rare
acquired life-threatening disease characterised by comple-
ment-induced haemolysis and a high incidence of thrombosis.
The monoclonal antibody eculizumab binds to complement
C5 and prevents its activation and cleavage into C5a and C5h.
Treatment of PNH patients with eculizumab decreases
haemolysis, transfusion requirements and the risk of thrombo-
sis (Hillmen et al., 2004, 2006, 2007; Brodsky ef al., 2008; Kelly
et al, 2011). Failure to respond to eculizumab has been
reported in a subgroup of Asian PNH patients (Nishimura

334

et al., 2014). These patients had a genetic variant of C5, a mis-
sense mutation leading to ¢.2654G>A (p.Arg885His), which
occurs in approximately 3-5% of Japanese and 1% of Chinese
Han populations, This genetic variant interferes with the bind-
ing of eculizumab to C5 (Nishimura et al.,, 2014), For PNH
patients with this genetic variant there is no effective treat-
ment.

A new small (17 kDa) protein complement inhibitor
named coversin is now in phase 2 clinical development. Like
eculizumab, coversin prevents cleavage and activation of C5,
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1 | INTRODUCTION

The clinical manifestations of paroxysmal nocturnal hemoglobinuria
(PNH) arise from the uncontrolled activation of the terminal com-
plement pathway and associated intravascular hemolysis, which is
the major contributor to mortality and morbidity.""® PNH is char-

acterized by hemolytic anemia and can be further complicated by

Abstract

Objectives: To evaluate the effects of eculizumab on transfusions and throm-
botic events (TEs) in patients with and without prior history of transfusion in the
International Paroxysmal Nocturnal Hemoglobinuria (PNH) Registry.

Methods: Registry patients enrolled on or before January 1, 2018, initiated on eculi-
zumab no more than 12 months prior to enrollment, having known transfusion status
for the 12 months before eculizumab initiation, and 212 months of Registry follow-up
after eculizumab initiation, were included.

Results: Eculizumab treatment was associated with a 50% reduction in transfusions
in patients with a transfusion history (10.6 units/patient-year before eculizumab vs
5.4 after; P < .0001), with greater reduction observed in those with no history of
bone marrow disease vs those with bone marrow disease. Mean lactate dehydroge-
nase levels decreased from a mean of 6.7 to 1.4 times the upper limit of normal (ULN)
in patients with transfusion history and from 5.1 to 1.2 times ULN in those with no
transfusion history. TE and major adverse vascular event rates also decreased by 70%
in patients with and without history of transfusion.

Conclusions: The benefit of eculizumab therapy does not appear to be limited to any
group defined by transfusion history or bone marrow disease history.

KEYWORDS
aplastic anemia, blood transfusion, bone marrow diseases, eculizumab, paroxysmal
hemoglobinuria, registries, thrombosis

concomitant bone marrow diseases such as aplastic anemia and my-
elodysplastic syndrome."'5

Historically, red blood cell (RBC) transfusion dependence was
considered a key marker of disease severity in patients with PNH,
and RBC transfusions were frequently used as first-line treatment to
manage anemia.®” In fact, transfusion dependence was an inclusion

criterion for patients enrolled in the pivotal studies of eculizumab

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Baseline clinical characteristics and disease burden in patients
with paroxysmal nocturnal hemoglobinuria (PNH): updated analysis
from the International PNH Registry
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Abstract

The International Paroxysmal Nocturnal Hemoglobinuria (PNH) Registry (NCT(1374360) was initiated to optimize patient
managenient by collecting data regarding disease burden, progression, and clinical outcomes, Herein, we report updated baseline
demogtaphics, clinical characteristics, disease burden data, and observed trends regarding clone size in the largest cohort of
Registry patients. Patients with available data as of July 2017 were stratified by glycosylphosphatidylinositol (GPI)-deficient
granulocyle clone size {< 10%, > 10%—< 50%, and > 50%). All patients were untreated with eculizumab at baseline, defined as
date of eculizumab initiation or date of Registry enrollment (if never treated with cculizamab). Outcomes assessed in the current
analysis included proportions of patients with high disease activity (HDA), history of major adverse vascular events (MAVEs;
including thrombotic events [ TEs}), bone marrow failure (BMF), red blood cell (RBC) transfusions, and PNH-related symptoms.
A total of 4439 patients were included, of whom 2701 (60.8%) had available GPI-deficient granulocyte clone size data. Among
these, median clone size was 31.8% (1002 had < 10%; 526 had = 10%-< 50%; 1173 had > 50%). There were high propottions of
patients with HDA (51.6%), history of MAVFEs (18.8%), BMF (62.6%), RBC trausfusion (61.3%), and impaired renal function
(42.8%). All measures except RBC transfusion history significantly correlated with GPI-deficient granulocyte clone size. A large
proportion of patients with GPI-deficient granulocyte clone size < 10% had hemolysis (9.7%), MAVEs (10.2%), HDA (9.1%),
and/or PNH-related symptoms. Although larger GPI-deficient granulocyte clone sizes were associated with higher disease
burden, a substantial proportion of patients with smaller clone sizes had history of MAVEs/TEs.

Statement of prior presentation: Portions of this work were presented at
the Ammerican Society of Hematology 59th Annval Meeling, December
9-12, 2017, Atlanta, GA, USA.
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Implications of TP53 allelic state for genome
stability, clinical presentation and outcomes in
myelodysplastic syndromes

Elsa Bernard "2, Yasuhito Nannya®, Robert P. Hasserjian* Sean M. Devlin®,
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Tumor protein p53 (TP53) is the most frequently mutated
gene in cancer'?, In patients with myelodysplastic syndromes
(MDS), TP53 mutations are associated with high-risk dis-
ease’, rapid transformation to acute myeloid leukemia
(AML)Y*, resistance to conventional therapies®® and dismal
outcomes®. Consistent with the tumor-suppressive role of
TP53, patients harbor both mono- and biallelic mutations',
However, the biological and clinical implications of TP53 allelic
state have not been fully investigated in MDS or any other
cancer type. We analyzed 3,324 patients with MDS for TP53
mutations and allelic imbalances and delineated two subsets
of patients with distinct phenotypes and outcomes. One-third
of TP53-mutated patients had monoallelic mutations whereas
two-thirds had multiple hits (multi-hit) consistent with bial-
lelic targeting. Established associations with complex karyo-
type, few co-occurring mutations, high-risk presentation and
poor outcomes were specific to multi-hit patients only. TP53
multi-hit state predicted risk of death and leukemic transfor-
mation independently of the Revised International Prognostic
Scoring System (IPSS-R)"'. Surprisingly, monoallelic patients
did not differ from TP53 wild-type patients in outcomes and
response to therapy. This study shows that consideration of

TP53 allelic state is critical for diagnostic and prognostic pre-
cision in MDS as well as in future correlative studies of treat-
ment response.

In collaboration with the International Working Group for
Prognosis in MDS (Supplementary Table 1), we assembled a
cohort of 3,324 peridiagnostic and treatment-naive patients with
MDS or closely related myeloid neoplasms (Extended Data Fig,. 1
and Supplementary Fig. 1). Genetic profiling included conven-
tional G-banding analyses (CBA) and tumor-only, capture-based,
next-generation sequencing (NGS) of a panel of genes recurrently
mutated in MDS, as well as genome-wide copy number probes.
Allele-specific copy number profiles were generated from NGS data
using the CNACS algorithm’ (see Methods and Code availability).
An additional 1,120 samples derived from the Japanese MDS con-
sortium (Extended Data Fig. 2) were used as a validation cohort.

To study the effect of TP53 allelic state on genome stability,
clinical presentation, outcome and response to therapy, we per-
formed a detailed characterization of alterations at the TP53 locus.
First, we assessed genome-wide allelic imbalances in the cohort of
3,324 patients, to include arm-level or focal (~3 Mb) ploidy altera-
tions and regions of copy-neutral loss of heterozygosity (cnLOH)
(Extended Data Fig. 3, Supplementary Figs. 2-4 and Methods).

A full list of affiliations appears at the end of the paper.

NATURE MEDICINE | VOL 26 | OCTOBER 2020 | 1549-1556 | www.nalure.cam/naluremedicine

1549



‘M) Check for updates

Regular Article

HEMATOPOIESIS AND STEM CELLS

SLEN11 promotes stalled fork degradation that underlies
the phenotype in Fanconi anemia cells

Yusuke Okamoto,'? Masako Abe,' Anfeng Mu,’ Yasuko Tempaku,' Colette B. Rogers,® Ayako L. Mochizuki,' Yoko Katsuki,'
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Fanconi anemia (FA) is a hereditary disorder caused by mutations in any 1 of 22 FA genes.
The disease is characterized by hypersensitivity to interstrand crosslink (ICL) inducers such
as mitomycin C (MMC). In addition to promoting ICL repair, FA proteins such as RAD51,
BRCA2, or FANCD2 protect stalled replication forks from nucleolytic degradation during
replication stress, which may have a profound impact on FA pathophysiology. Recent
studies showed that expression of the putative DNA/RNA helicase SLFN11 in cancer cells
correlates with cell death on chemotherapeutic treatment. However, the underlying
mechanisms of SLFN11-mediated DNA damage sensitivity remain unclear. Because
SLFN11 expression is high in hematopoietic stem cells, we hypothesized that SLFN11
depletion might ameliorate the phenotypes of FA cells. Here we report that SLFN11
knockdown in the FA patient-derived FANCD2-deficient PD20 cell line improved cell

® A DNA damage
sensitizing gene
SLFN11 promotes
stalled fork
degradation caused by
DNA2 and MRE11
nucleases by inhibiting
RAD51 accumulation.

@ Suppression of
SLFN11 in Fanconi
anemia cells

attenuates FA
phenotypes such as
chromosomal
breakages or cell cycle
arrest on DNA
damage.

J

survival on treatment with ICL inducers. FANCD2-/-SLFN11-/~ HAP1 cells also displayed
phenotypic rescue, including reduced levels of MMC-induced chromosome breakage
compared with FANCD2-/~ cells. Importantly, we found that SLFN11 promotes extensive
fork degradation in FANCD2-/~ cells. The degradation process is mediated by the nu-
cleases MRE11 or DNA2 and depends on the SLFN11 ATPase activity. This observation was
accompanied by an increased RAD51 binding at stalled forks, consistent with the role of

RADS51 antagonizing nuclease recruitment and subsequent fork degradation. Suppression of SLFN11 protects nascent
DNA tracts even in wild-type cells. We conclude that SLFN11 destabilizes stalled replication forks, and this function may
contribute to the attrition of hematopoietic stem cells in FA. (Blood. 2021;137(3):336-348)

Introduction

The Schlafen (SLFN) family was first described as a set of ho-
mologous genes that are involved in T-cell development and
inhibit cell growth.! These genes are found only in mammals and
a small number of nonmammalian species.? A member of the
SLFN family, SLFN11, is a putative DNA/RNA helicase ubiqui-
tously expressed in the human body.* Notably, its expression is
often lost in primary cancers and in commonly used cancer cell
lines by epigenetic silencing.** Recent studies indicated that
SLFN11 expression in cancer correlate with a favorable response
to widely used anticancer drugs, such as irinotecan, cisplatin,
etoposide, and poly(ADP-ribose) polymerase inhibitors, with a
better prognosis for the patients.>” SLFNT1 expression has the
strongest association among the DNA repair proteins with the
sensitivities to DNA damaging cancer chemotherapy drugs but
not to non-DNA damaging agents.? It has also been reported
that SLFN11 associates with replication protein A (RPA) and

336 @ blood” 21 JANUARY 2021 | VOLUME 137, NUMBER 3

negatively regulates RPA loading to chromatin, thereby dis-
favoring homologous recombination (HR) repair.? Another study
found that SLFN11 accumulates at stalled replication forks and
blocks replication.'® SLFN11 may also affect protein translation
by cleavage of a specific group of tRNAs, resulting in the ab-
rogation of ATR kinase expression during the DNA damage
response.'"' These studies define SLFN11 as a guardian of the
genome that controls cell fate decisions in response to DNA
damage and replication stress. However, how SLFN11 exerts this
function remains unclear.

Fanconi anemia (FA) is a rare hereditary disorder that is caused
by mostly recessive mutations in any 1 of 22 FA genes identified
thus far (FANCA-W), leading to hematopoietic stem cell failure
and cancer predisposition.'*'* FA proteins act in the common
FA pathway to repair interstrand crosslink (ICL) damage, and
therefore FA cells are hypersensitive to ICL-inducing agents such

© 2021 by The American Society of Hematology
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OPEN  Assessment of dysplasia in bone
marrow smear with convolutional
neural network

Jinichi Mori'™, Shizuo Kaji2, Hiroki Kawai®, Satoshi Kida®, Masaharu Tsubokura®,
Masahiko Fukatsu®, Kayo Harada®, Hideyoshi Noji*®, Takayuki Ikezoe®, Tomoya Maeda’ &
Akira Matsuda’

In this study, we developed the world’s first artificial intelligence (Al) system that assesses the
dysplasia of blood cells on bone marrow smears and presents the result of Al prediction for one of the
most representative dysplasia—decreased granules (DG). We photographed field images from the
bone marrow smears from patients with myelodysplastic syndrome (MDS) or non-MDS diseases and
cropped each cell using an originally developed cell detector. Two morphologists labelled each cell. The
degree of dysplasia was evaluated on a four-point scale: 0-3 (e.g., neutrophil with severely decreased
granules were labelled DG3). We then constructed the classifier from the dataset of labelled images.
The detector and classifier were based on a deep neural network pre-trained with natural images.

We obtained 1797 labelled images, and the morphologists determined 134 DGs (DG1: 46, DG2: 77,
DG3: 11). Subsequently, we performed a five-fold cross-validation to evaluate the performance of

the classifier. For DG1-3 labelled by morphologists, the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and accuracy were 91.0%, 97.7%, 76.3%, 99.3%, and
97.2%, respectively. When DG1 was excluded in the process, the sensitivity, specificity, PPV, NPV, and
accuracy were 85.2%, 98.9%, 80.6%, and 99.2% and 98.2%, respectively.

Many attempts have been made in the past decade to automatically determine cell types in blood smears. Initially,
researchers developed algorithms to detect leukocytes, red blood cells, or nuclear segmentation'~"". Subsequently,
they started addressing the detection of abnormal leukocytes including various types of leukemic cells'' =",
However, these works mainly focused on peripheral blood smears, and few studies have covered bone marrow
due to their greater complexity'®-2", As there are many types of progenitor cells with various stages of continuous
maturation in bone marrow specimens, a microscopic field contains a larger amount of information compared
to peripheral blood. Moreover, the examination of bone marrow smears requires morphological evaluation in
clinical settings, whereas the examination of peripheral blood mainly focuses on cell counting. These hurdles
have prevented the development of automated examination of bone marrow smears and delayed the application
of machine learning technology in the diagnosis of bone marrow disorders.

Myelodysplastic syndrome (MDS) is a haematological disease that develops mainly in the elderly and is
characterised by an abnormal morphology (dysplasia) of blood cells in bone marrow. Haematopoietic progeni-
tor cells, which acquire certain somatic gene mutations, clonally expand in bone marrow, leading to cytopenia
characterised by ineffective haematopoiesis with myelodysplasia. Progressive cylopenia in multiple blood lineages
and transformation to acute myeloid leukaemia are causes of death in patients with MDS. The morphological
examination of bone marrow smears using light microscopy plays a critical role in the diagnosis of MDS. Since
the first report of this disease, various types of dysplasia in cell lineages have been identified, such as granulocyte,
erythrocyte, and megakaryocyte. The presence of bone marrow dysplasia, which is a requisite condition for the
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Iwaki, Fukushima 972-8322, Japan. ZInstitute of Mathematics for Industry, Kyushu University, Fukuoka,
Japan. Research and Development Department, LPIXEL Inc.,, Tokyo, Japan. “Department of Public Health,
Fukushima Medical University, Fukushima, Japan. *Department of Hematology, Fukushima Medical University,
Fukushima, Japan. ®Department of Hematology, Minami Fukushima Cardiovascular Hospital, Fukushima,
Japan. Department of Hemato-Oncology, International Medical Center, Saitama Medical University, Saitama,
Japan.“email: jinichi-mori@tokiwa.or.jp
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Abstract

A previous dose-finding study has suggested that romiplostim is effective in
patients with refractory aplastic anaemia (AA) and 10 pg/kg once weekly
was recommended as a starting dose. In this Phase II/III, multicentre,
open-label study, romiplostim was administered subcutaneously at a fixed
dose of 10 pgtkg once weekly for 4 weeks (weeks 1-4) followed by weekly
doses (5, 10, 15 and 20 pg/kg) titrated by platelet response for up to
52 weeks (weeks 5-52). A total of 31 patients with AA who were refractory
to immunosuppressive therapy (IST) and thrombocytopenia (platelet count
of <30 x 10%/1) were enrolled. The primary efficacy endpoint of the pro-
portion of patients achieving any haematological (platelet, neutrophil and
erythrocyte) response at week 27 was 84% [95% confidence interval (CI)
66-95%]. Trilineage response was 39% (95% CI 22-58%) at week 53. The
most common treatment-related adverse events (AEs) were headache and
muscle spasms (each 13%). All AEs were mild or moderate except for three
patients with Grade 3 hepatic AEs; no AEs necessitated romiplostim dis-
continuation. Two patients developed cytogenetic abnormalities, of whom
one returned to normal karyotype at last follow-up. High-dose romiplostim
is effective and well tolerated in the treatment of patients with AA refrac-
tory to IST.

Keywords: aplastic anaemia, bone marrow failure,

thrombopoietin.

haematopoiesis,
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Eltrombopag in Combination with Rabbit Anti-thymocyte
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Abstract:

Objective Tn Japan, immunosuppressive therapy (IST) with anti-thymocyte globulin (ATG), and cy-
closporine A (CsA) is the standard of care in patients with aplastic anemia (AA) who are not indicated for
stem-cell transplantation, although some patients may experience relapse. This study assessed the efficacy and
safety of eltrombopag in combination with rabbit-ATG/CsA in IST-naive patients with non-severe or severe
AA in Japan.

Methods 1In this non-randomized, open-label, single-arm, phase I study, rabbit-ATG/CsA and eltrombopag
were initiated on Days 1 and 15 (3 days), respectively, and continued for 226 weeks; rabbit-ATG was given
for 5 days (Days 1 to 5). The primary endpoint was the overall response rate (ORR) at Week 26.

Patients Patients with AA who were [ST-naive and <70 years old or between 71 and 75 years old based on
the recommendation of the investigator were enrolled in Japan.

Results Of the 11 enrolled patients, 10 started treatment with eltrombopag. The ORRs at Weeks 26 and 52
were 70.0% and 60.0%, respectively. The ORR at Week 26 was 100% (all 3 patients) in patients with non-
severe AA and 57.1% (4/7) in patients with severe AA. Among transfusion-dependent patients, 66.7% (4/6)
and 62.5% (5/8) became red blood cell- and platelet-transfusion independent, respectively. The most common
adverse events were nausea and headache. No deaths or hematologic malignancies were reported. A cytoge-
netic abnormality was reported in one patient.

Conclusion This study confirmed the clinical benefit of eltrombopag plus rabbit-ATG/CsA in IST-naive pa-
tients with non-severe or severe AA in Japan.

Key words: eltrombopag, aplastic anemia, rabbit-ATG/CsA, Japan
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row (1, 2). Tt is most likely caused by an immune-mediated

Introduction mechanism through T cells, resulting in a marked reduction

in hematopoietic stem cells (3-5). A survey data reported

Aplastic anemia (AA) is a bone marrow failure disorder that the incidence of AA was 8.2 per million person-years
characterized by pancytopenia and hypocellular  mar-  from 2004 to 2012 (6). In Europe and North America, the
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ARTICLE INFO ABSTRACT
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To determine the impact of peripheral blood (PB) Wilms' tumour 1 (WT-1) mRNA levels in patients with primary
myelodysplastic syndromes (MDS), we analysed the relationships between several clinical variables at the time of
diagnosis and the haematological response of patients treated with azacytidine. We observed overall responses in
20 (63%) patients; there were no significant differences in clinical variables, including bone marrow blast counts,
IPSS scores and IPSS-R risk scores, between responders and non-responders, The responders' PB WT-1 mRNA
levels were significantly lower than those of non-responders (P = 0.03). PB WT-1 mRNA expression could be a

marlker for predicting the response to azacytidine in patients with de novo MDS,

1. Introduction

Myelodysplastic syndromes (MDS) are heterogeneous disorders
characterised by cytopenia with dysplasia and a propensity to progress
to acute myeloid leukaemia [1, 2]. Several prognostic scoring systems
for MDS have been reported, including the International Prognostic
Scoring System (IPSS), the World Health Organisation (WHO) Prog-
nostic Scoring System (WPSS) and the revised IPSS (IPSS-R) [3-5].
Azacytidine, a hypomethylating agent, has been demonstrated to induce
responses, delay leukaemic transformation and improve survival in
higher-risk MDS. Because haematological response rates are not as high
in patients treated with azacytidine, it is important to identify patients
with MDS who respond to azacytidine. However, the predictors of
haematologic response in patients with MDS taking azacytidine have yet
to be fully determined.

The survival of patients with MDS has been associated with the
expression of several genes, including LEF1, CDH1, Wilms' tumour 1 gene
(WT-1) and MNI, and the expression levels of WT-1 were higher in
patients with MDS with poor survival [6]. Although WT-1 was initially
identified as a tumour suppressor gene in patients with Wilms' tumour,
recent results indicated that WT-I acts as an oncogene in various solid
tumours and haematological malignancies [7|. WT-1 levels in bone
marrow (BM) could be useful for predicting the survival of patients with

* Corresponding author. ORCID Number: 0000-0002-3107-5991
E-mail address: maedat@saitama-med.ac.jp (T. Maeda).

hittps://doi.org/10.1016/}.1rr.2020.100231

myeloid neoplasms treated with azacytidine [8]. WT-1 expression levels
in peripheral blood (PB) have proven useful for assessing the risk in
patients with MDS [9]. PB sampling has multiple distinct benefits over
BM sampling such as more frequent PB collection from the same patient
than BM. WT-1 levels in PB reflect the disease progression of patients
with MDS treated with hypomethylating agents [10]|. However, the
relationship between WT-1 levels in PB and the response to azacytidine
treatment is unclear; moreover, the prognostic role of PB WT-1 levels in
primary MDS has not been fully established.

To obtain a more complete insight into the prognostic value of PB
WT-1 levels in primary MDS, we analysed the relationships between
several clinical variables (including WT-1 mRNA expression levels) at
the time of diagnosis (baseline) and the haematological response (best
response) of patients with MDS to azacytidine and elucidated the impact
of this response on their overall survival.

2. Materials and methods
2.1. Patients
Patients with MDS (according to the French-American-British clas-

sification) who were referred to Saitama International Medical Centre
(Saitama Medical University, Saitama, Japan) between July 2011 and
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Abstract

Monomer tubulin polymerize into microtubules, which are highly dynamic and play
a critical. role in mitosis. Therefore, microtubule dynamics are an important target
for anticancer drugs. The inhibition of tubulin polymerization or depolymerization
was previously targeted and exhibited efficacy against solid tumors. The novel small
molecule PTC596 directly binds tubulin, inhibits microtubule polymerization, down-
regulates MCL-1, and induces p53-independent apoptosis in acute myeloid leukemia
cells. We herein investigated the efficacy of PTC-028, a structural analog of PTC596,
for myelodysplastic syndrome (MDS). PTC-028 suppressed growth and induced
apoptosis in MDS cell lines. The efficacy of PTCO28 in primary MDS samples was
confirmed using cell proliferation assays. PTC-028 synergized with hypomethylating
agents, such as decitabine and azacitidine, to inhibit growth and induce apoptosis in
MDS cells. Mechanistically, a treatment with PTC-028 induced G2/M arrest followed
by apoptotic cell death. We also assessed the efficacy of PTC-028 in a xenograft
mouse model of MDS using the MDS cell line, MDS-L, and the AkaBLI biolumines-
cence imaging system, which is composed of AkaLumine-HCI and Akaluc. PTC-028
prolonged the survival of mice in xenograft models. The present results suggest a
chemotherapeutic strategy for MDS through the disruption of microtubule dynamics

in combination with DNA hypomethylating agents.

KEYWORDS
Tubulin polymerization inhibitor, chemotherapy, DNA hypomethylating agents,
Myelodysplastic syndrome
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DHODH inhibition synergizes with DNA-demethylating agents in the
treatment of myelodysplastic syndromes
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m Dihydroorotate dehydrogenase (DHODH) catalyzes a rate-limiting step in de novo
pyrimidine nucleotide synthesis. DHODH inhibition has recently been recognized as
* DHODH inhibition syn- a potential new approach for treating acute myeloid leukemia (AML) by inducing
ergizes With DNA-~ differentiation, We investigated the efficacy of PTC299, a novel DHODH inhibitor, for
demethylatingiagentsin myelodysplastic syndrome (MDS). PTC299 inhibited the proliferation of MDS cell lines, and
the treatment of MDS. . ;s ; o e .
this was rescued by exogenous uridine, which hypasses de novo pyrimidine synthesis. In
* DHODH inhibition contrast to AML cells, PTC299 was inefficient at inhibiting growth and inducing the
enhances the incorpo- differentiation of MDS cells, but synergized with hypomethylating agents, such as
ration‘of decitabine into decitabine, to inhibit the growth of MDS cells. This synergistic effect was confirmed in
DN MBS eslls, primary MDS samples. As a single agent, PTC299 prolonged the survival of mice in xenograft
models using MDS cell lines, and was more potent in combination with decitabine.
Mechanistically, a treatment with PTC299 induced intra-S-phase arrest followed by
apoptotic cell death. Of interest, PTC299 enhanced the incorporation of decitabine, an analog
of cytidine, into DNA by inhibiting pyrimidine production, thereby enhancing the cytotoxic
effects of decitabine. RNA-seq data revealed the marked downregulation of MYC target gene
sets with PTC299 exposure. Transfection of MDS cell lines with MYC largely attenuated the
growth inhibitory effects of PTC299, suggesting MYC as one of the major targets of PTC299.
Our results indicate that the DHODH inhibitor PTC299 suppresses the growth of MDS cells
and acts in a synergistic manner with decitabine. This combination therapy may be a new
therapeutic option for the treatment of MDS.

Introduction

Myelodysplastic syndrome (MDS) is a clonal bone marrow (BM) disorder characterized by ineffective
and clonal hematopoiesis accompanied by morphological dysplasia and variable cytopenia. DNA
methyltransferase inhibitors azacitidine and decitabine have been used as chemotherapeutic agents
for high-risk MDS. They are chemical analogs of cytidine that have direct cytotoxicity and induce DNA
hypomethylation by interfering with DNA methyltransferase. Overall survival has been prolonged in

Submitted 7 January 2020; accepted 1 December 2020; published online 20 January © 2021 by The American Society of Hematology
2021. DOI 10.1182/bloodadvances.2020001461.

The full-text version of this article contains a data supplement.
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Faggot cells in acute myeloid leukemia with t(7;11)(p15;p15)

and NUP98-HOXA9 fusion
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Dear Editor,

Faggot cells are myeloid cells harboring multiple Auer
rods that are randomly distributed in the cytoplasm, and
these cells are considered diagnostic markers for acute
promyelocytic leukemia (APL), although their biological
significance remains unknown [1]. Here, we report a case
of acute myeloid leukemia (AML) of the non-APL type
which exhibited faggot cells.

A 62-year-old man presented with fever and general
malaise. Blood test results were as follows: red blood cell
count, 2.44 x 10°/uL; hemoglobin, 8.1 g/dL; total leuko-
cyte count, 4920/puL with 9% blasts; and platelet count,
149 x 10*/uL. Bone marrow examination revealed ex-
tremely hypercellular marrow with increased immature
myeloid cells and 46% blasts, 26% promyelocytes, and
9% myelocytes among all nucleated cells. Immature mye-
loid cells with Auer rods were also frequently observed, of
which some contained multiple rods (Fig. 1). Flow cytom-
etry analyses showed that the cells in a CD45-dull fraction
were strongly positive for CD33 (96%), CD38 (97%), and
CD117 (81%); weakly positive for CDI13 (25%), CD34
(13%), myeloperoxidase (10%), and glycophorine A
(23%); and negative for CD3, CD14, CDI19, CD4I, and
HLA-DR.

>4 Hiroshi Kawabata
hikawabat @kanazawa-med.ac.jp

Department of Hematology and Immunology, Kanazawa Medical
University, -1 Daigaku, Uchinada, Ishikawa-ken 920-0293, Japan

[}

Department of Hematology, Koseiren Takaoka Hospital,
Takoaka, Japan

Published online: 08 June 2020

According to the morphological features of the bone
marrow cells, although there were no clinical signs of dis-
seminated intravascular coagulation, the patient was first
speculated to have APL, and thus, all-trans retinoic acid
was prepared. However, the screening tests for fusion tran-
scripts using quantitative real-time polymerase chain reac-
tions revealed that the PML-RARA fusion transcripts were
absent; however, NUP98-HOXAY fusion transcripts were
amplified (3.7 x 10 copies/ug RNA). Consistent with
these results, the chromosomal karyotype of the patient
was 46, XY, t(7;11)(p15;pl5) in all examined metaphases
(Fig. 2), and PML-RARA fusion was absent in FISH anal-
ysis. The patient was treated with a conventional induction
chemotherapy for AML, which successfully induced he-
matological remission.

Translocation t(7;11)(pl5;p15) is an uncommon but
recurrent chromosomal abnormality in myeloid neo-
plasms, with most cases reported in Asian countries [2].
In this translocation, the fusion of NUP98 at chromosome
11 and HOXA9 at chromosome 7 occurs [3, 4], and the
product plays crucial roles in the pathogenesis of such
neoplasms [5]. Morphologically, most cases are classified
as AML M2 according to the French-American-British
(FAB) classification, and the prognosis of these cases is

@ Springer
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ABSTRACT

Although several pedigrees of familial myelodysplastic syndromes/acute myeloid leukemia
(fMDS/AML) have been reported, the epidemiology and clinical features has been poorly under-
stood. To explore the epidemiology of this entity, we performed a retrospective nationwide epi-
demiological survey in Japan using questionnaire sheets. The questionnaire was sent to 561
institutions or hospitals certified by Japanese Society of Hematology, unearthing the existence
of 41 pedigrees of fMDS/AML. Among them, we obtained the clinical information of 31 patients
in 20 pedigrees. The median age of the initial diagnosis was 51 years (range 9-88years) and the
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WHO classification 2008 ranged from refractory anemia (RA) to AML. Focusing on the familial
MDS patients, refractory anemia with excess blasts (RAEB)-2 was the largest group (27.3%). The
median overall survival (OS) of fMDS and fAML in this study were 71.6 and 12.4 months, and the

five-year OS were 61.3 and 50%, respectively.

Introduction

The myelodysplastic syndromes (MDS) are a group of
clonal disorders of hematopoietic stem cells and are
defined by ineffective hematopoiesis and/or bone
marrow dysplasia [1-3]. More than 30,000 new cases
of MDS occur in the US every year, and approximately
30% of MDS patients eventually progress to acute
myeloid leukemia (AML) [4,5]. The median overall sur-
vival (0S) of MDS patients with International
Prognostic Scoring System (IPSS) ‘high’ is around
0.4years [6], thus, it is still challenging for physicians
to treat severe MDS cases. Although allogeneic hem-
atopoietic stem cell transplantation (HSCT) is still the
only treatment to cure MDS, very limited MDS patients
are considered an indication for HSCT due to the eld-
erly [7]. Moreover, it is reported that five-year OS after

allogeneic HSCT was 28% in the patients with refrac-
tory anemia with excess blasts (RAEB)-2 [8].

MDS or AML is mostly a sporadic disease, however,
familial cases have been also recognized recently.
Holme et al. [1] reported the large cohort of 27 fami-
lies with familial MDS/AML (fMDS/AML) from the UK.
Since many of the fMDS/AML cases have been
recently defined, the guidelines for genetic analysis
and clinical treatment are currently based on expert
opinions [9]. In clinical settings, clinicians are required
to take a detailed family history and consult with a
certified genetic counselor when necessary [10]. The
curative treatment for fMDS/AML is allogeneic HSCT
only, same as the sporadic MDS [11]. Although epi-
demiology and disease characteristics of sporadic
MDS/AML have been gradually uncovered, little is
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Abstract

‘We herein report the results of the New TARGET study 2nd-line, which collected data on patients with chronic-phase (CP)
chronic myeloid leukemia (CML) who received a 2nd-fine tyrosine kinase inhibitor (TKI) because of resistance and/or 10
a Ist-line TKI. A total of 98 patients were enrelled intolerance between April 2010 and March 2013, and 82 patients were
analyzed. The median age was 54 years (range 22-88 years), Seventy-six patients (93%) received imatinib as the Ist-line
TKI. Forty-five (55%) and 37 (45%) patients began nilotinib and dasatinib treatments at entry, respectively. First-line TKI
treatment achieved complete hematological response in 79 patients (96%) and complete cytogenetic response (CCyR) in 49
patients (60%), respectively, Nine patients (11%) had BCR-ABLI kinase domain point mutations at enroliment. The estimated
3-year progression-free-survival rate after envollment was 98.7% (95% CI 91.1-99.8%). Overall, the probabilitics of achiev-
ing CCyR and a major molecular response were 89.3% (95% CI 81.4-94.8%) and 87.2% (95% CI 78.1-93.8%), respectively.
There were no new safety issues. This study demonstrated that CML-CP patients in Japar who are resistant and/or intolerant
to & 1st-line TKI can achieve an extremely good outcome by 2nd-line TKI treatment.

Keywords Chronic myeloid leukemia - Resistance or intolerance - Tyrosine kinase inhibitors - Observational study - Japan
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Abstract

We retrospectively analyzed nationwide records of 163 Fanconi anemia (FA) patients [aplastic anemia (AA), n=118;
myelodysplastic syndrome (MDS), n=30; acute leukemia, n = 15] who underwent first allogeneic hematopoietic stem cell
transplantation (HSCT) between 1987 and 2015 in Japan. An alternative donor was used in 119 (73%) patients, and 160
(98%) patients received a non-T-cell-depleted graft. With an 8.7-year median follow-up, 5-year overall survival (OS) was
81%. The 5-year OS was significantly higher in AA patients than in MDS and acute leukemia patients (89%, 71%, and 44%,
respectively). In the MDS/leukemia group, factors associated with poor outcome in univariate analysis were older age at
HSCT (= 18 years), conditioning regimen without anti-thymocyte or lymphocyte globulin, and grade II-IV acute graft-versus-
host disease. After | year, of 137 survivors, 15 developed subsequent malignancies, of whom 12 were diagnosed with head
and neck (HN)/esophageal cancer. An irradiation regimen and older age were associated with the risk of HN/esophageal
cancer. Five of seven deaths were attributed to subsequent malignancies more than 5 years after HSCT. On the basis of the
risk factors for HSCT in MDS/leukemia patients and subsequent malignancies, a more effective HSCT approach is required.

Keywords Fanconi anemia - Hematopoietic stem cell transplantation - Myelodysplastic syndrome - Acute leukemia
Subsequent malignancies after hematopoietic stem cell transplantation

Introduction modified by reducing the cyclophosphamide (CY) and radia-

tion doses [2], by fludarabine (FLU) administration [3], and

Fanconi anemia (FA) is a rare genelic disorder character-
ized by malformations, progressive bone marrow failure,
and a predisposition to developing malignancy, mainly
myelodysplastic syndrome (MDS)/acute myeloid leukemia
(AML) and head and neck (HN) squamous cell carcinoma
(SCC) [1]. Allogeneic hematopoietic stem cell transplanta-
tion (HSCT) is the only curative treatment for hematological
disorders in FA patients. Its conditioning regimen has been

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12185-020-02991-x) contains
supplementary material, which is available to authorized users.

P4 Miharu Yabe
miharu@is.icc.u-tokai.ac.jp

Extended author information available on the last page of the article

@ Springer

by T-cell-depleted marrow allografts [4]. These result in a
significant improvement of survival in FA patients. How-
ever, data on HSCT in FA patients affected by MDS/acute
leukemia are scarce [5]. We present the characteristics and
results of HSCT in FA patients in Japan and compare them
with those of aplastic anemia (AA) and MDS/acute leukemia
patients. Additionally, we evaluate the incidence and risk
factors of subsequent malignancies in Japanese FA patients
by comparing them with those in previous reports.
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Background: Philadelphia-negative (Ph-negative) myeloproliferative neoplasms

primary myelofibrosis (PMF), are exceptionally rare during childhood. Thus, clinical
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ABSTRACT

Although several pedigrees of familial myelodysplastic syndromes/acute myeloid leukemia
(fMDS/AML) have been reported, the epidemiology and clinical features has been poorly under-
stood. To explore the epidemiology of this entity, we performed a retrospective nationwide epi-
demiological survey in Japan using questionnaire sheets. The questionnaire was sent to 561
Institutions or hospitals certified by Japanese Society of Hematology, unearthing the existence
of 41 pedigrees of fMDS/AML. Among them, we obtained the clinical information of 31 patients
in 20 pedigrees. The median age of the initial diagnosis was 51 years (range 9-88 years) and the
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WHO classification 2008 ranged from refractory anemia (RA) to AML. Focusing on the familial
MDS patients, refractory anemia with excess blasts (RAEB)-2 was the largest group (27.3%). The
median overall survival (OS) of fMDS and fAML in this study were 71.6 and 12.4 months, and the

five-year OS were 61.3 and 50%, respectively.

Introduction

The myelodysplastic syndromes (MDS) are a group of
clonal disorders of hematopoietic stem cells and are
defined by ineffective hematopoiesis and/or bone
marrow dysplasia [1-3]. More than 30,000 new cases
of MDS occur in the US every year, and approximately
30% of MDS patients eventually progress to acute
myeloid leukemia (AML) [4,5]. The median overall sur-
vival (0S) of MDS patients with International
Prognostic Scoring System (IPSS) ‘high’ is around
0.4years [6], thus, it is still challenging for physicians
to treat severe MDS cases. Although allogeneic hem-
atopoietic stem cell transplantation (HSCT) is still the
only treatment to cure MDS, very limited MDS patients
are considered an indication for HSCT due to the eld-
erly [7]. Moreover, it is reported that five-year OS after

allogeneic HSCT was 28% in the patients with refrac-
tory anemia with excess blasts (RAEB)-2 [8].

MDS or AML is mostly a sporadic disease, however,
familial cases have been also recognized recently.
Holme et al. [1] reported the large cohort of 27 fami-
lies with familial MDS/AML (fMDS/AML) from the UK.
Since many of the fMDS/AML cases have been
recently defined, the guidelines for genetic analysis
and clinical treatment are currently based on expert
opinions [9]. In clinical settings, clinicians are required
to take a detailed family history and consult with a
certified genetic counselor when necessary [10]. The
curative treatment for fMDS/AML is allogeneic HSCT
only, same as the sporadic MDS [11]. Although epi-
demiology and disease characteristics of sporadic
MDS/AML have been gradually uncovered, little is
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Pulmonary Langerhans cell histiocytosis (PLCH) is a rare smoling-related lung disease
characterized by dendritic cell (DC) accumulation, bronchiolocentric nodule formation, and

cystic lung remodeling. Approximately 50% of patients with PLCH harbor somatic BRAF-V600E
mutations in cells of the myeloid/monocyte lineage. However, the rarity of the disease and lack

of animal models have impeded the study of PLCH pathogenesis. Here, we establish a cigarette
smole-exposed (CS-exposed) BRAF-V600E-mutant mouse model that recapitulates many
hallmarl¢ characteristics of PLCH. We show that CD11c-targeted expression of BRAF-V600E
increases OC responsiveness to stimull, including the chemokine CCL20, and that mutant cell
accumulation in the lungs of CS-exposed mice is due to both increased cellular viability and
enhanced recruitment. Moreover, we report that the chemoline CCL7 is secreted from DCs and
human peripheral blood monocytes in a BRAF-V600E-dependent manner, suggesting a possible
mechanism for recruitment of cells known to dominate PLCH lesions. Inflammatary lesions and
airspace dilation in BRAF-\/60OE mice in response to CS are attenuated by transitioning animals to
filtered air and treatment with a BRAF-V600E inhibitor, PLX4720. Collectively, this model provides
mechanistic insights into the role of myelomonaocytic cells and the BRAF-V600E mutation and CS
exposure in PLCH pathogenesis and provides a platform to develop biomarleers and therapeutic
targets.

Introduction

Pulmonary Langerhans cell histiocytosis (PLLCH) is a rare smoking-related interstitial lung disease char-
acterized by bronchiolocentric, Langerin® dendritic cell (DC) accumulation and cystic remodeling of the
lung. PLCH typically manifests as a single-system disorder with pulmonary impairment ranging from
asymptomatic disease to life-threatening respiratory failure (1) and is pathophysiologically distinct from
the LCH of children that often results in visceral infiltration, bone lesions, and multisystem involvement
(2). PLCH in adults occurs almost exclusively in active smokers, with an estimated prevalence of 0.27 and
0.07 per 100,000 population in males and females, respectively, and represents up to 5% of the intersti-
tial lung diseases seen in referral centers (3, 4). Little is known about the pathogenesis of PLCH, which
was long felt to be a reactive scarring process driven by tobacco use. The discovery over 2 decades ago
of recurrent PLCH in the allografts of patients with PLCH who had undergone lung transplantation,
however, suggested a metastatic mechanism (5). The recent identification of several activating mutations
in the mitogen-activated protein kinase (MAPK) pathway in more than 70% of patients with PLCH (6, 7)
is consistent with a metastatic model and suggests that PLCH may be most appropriately classified as an
inflammatory neoplastic disorder (8, 9). The most common mutation identified to date has been a V60OE
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