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Abstract

Minor populations of glycosylphosphatidylinositol-anchored protein-deficient (GPI[—]) cells in the peripheral blood may have a
prognostic value in bone marrow failure (BMF). Our objective is to establish the optimal flow cytometry (FCM) assay that can
discriminate GPI(—) populations specific to BMF from those of healthy individuals. To identify a cut-off that discriminates
GPI(—) rare cells from GPI(+) cells, we determined a position of the borderline that separates the GPI(—) from GPI(+) cells on a
scattergram by testing more than 30 healthy individuals, such that no GPI(—) dot fell into the upper left quadrant where
fluorescein-labeled aerolysin (FLAER) CD11b* granulocytes and CD55 CD59~ glycophorin A* erythrocytes were positioned.
This method allowed us to define >0.003% CD11b*FLAER™ granulocytes and >0.005% glycophorin A*CD55 CD59™ eryth-
rocytes to be specific to BMF patients. Longitudinal cross-validation studies showed minimal (< 0.02%) inter-laboratory differ-
ences in the GPI(—) cell percentage. An analysis of 1210 patients with BMF revealed a GPI(—) cell population in 56.3% of
patients with aplastic anemia and 18.5% of patients with myelodysplastic syndrome. The GPI(—) granulocyte percentages was
0.003-0.01% in 3.7% of patients. This FCM assay effectively identified an increase in the percentage of GPI(—) rare cells that are

specific to BMF patients and allowed different laboratories to accurately detect 0.003—0.01% of pathological GPI(—) cells.
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Introduction

Glycosylphosphatidylinositol-anchored protein (GPI-AP)-de-
ficient (GPI[—]) cells are known to be present in patients with
bone marrow failure (BMF), such as those with acquired
aplastic anemia (AA) or myelodysplastic syndromes (MDS),
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even when patients have no signs of hemolysis [1, 2].
Although the percentages of paroxysmal nocturnal hemoglo-
binuria (PNH)-type cells in subclinical PNH patients are gen-
erally low [3], even small populations of PNH-type cells could
strongly influence the prognosis of patients with BMF. Their
presence can predict a good response to immunosuppressive
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Abstract

In paroxysmal nocturnal hemoglobinuria (PNH), various symptoms due to intravascular hemolysis exert a negative impact
on patients’ quality of life (QOL). To determine clinical factors related with improvements in QOL in PNH patients treated,
we analyzed changes in QOL scales in PNH patients treated with eculizumab based on data collected from post-marketing
surveillance in Japan. Summary statistics were obtained using figures from QOL scoring systems and laboratory values, and
evaluated by ¢ test. One-year administration of eculizumab improved the most QOL items in comparison with the baseline.
In particular, significant improvement of EORTC QLQ-C30 was observed in fatigue, dyspnea, physical function, and global
health status. Canonical correlation analysis revealed a high correlation between QOL and laboratory values. Changes in
serum lactate dehydrogenase (LDH) and hemoglobin showed strong correlations with QOL improvement. Quality of life
improvement was independent of patients’ baseline characteristics of co-occurrence of bone marrow failure (BMF), or the
degree of LDH. In this analysis, we found that the degree of QOL improvement was independent of the baseline LDH before
eculizumab treatment and of co-occurrence of BMF. Paroxysmal nocturnal hemoglobinuria patients who have not received
eculizumab treatment due to mild hemolysis may benefit from eculizumab treatment.
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* HSPCs that lack HLA
class | alleles can sus-
tain clonal hematopoie-
sis without driver
mutations or telomere
attrition in AA patients.

* 6pLOH may confer a
survival advantage to
HSPCs with age-
related somatic muta-
tions, leading to the
clonal expansion of
mutant HSPCs.

Clonal hematopoiesis by hematopoietic stem progenitor cells (HSPCs) thatlack an HLA class I
allele (HLA™ HSPCs) is common in patients with acquired aplastic anemia (AA); however, it
remains unknown whether the cytotoxic T lymphocyte (CTL) attack that allows for survival
of HLA™ HSPCs is directed at nonmutated HSPCs or HSPCs with somatic mutations or how
escaped HLA™ HSPC clones support sustained hematopoiesis. We investigated the presence
of somatic mutations in HLA™ granulocytes obtained from 15 AA patients in long-term
remission (median, 13 years; range, 2-30 years). Targeted sequencing of HLA™ granulocytes
revealed somatic mutations (DNMT3A, n = 2; TET2, ZRSR2, and CBL, n = 1) in 3 elderly
patients between 79 and 92 years of age, but not in 12 other patients aged 27 to 74 years
(median, 51.5 years). The chronological and clonogenic analyses of the 3 cases revealed that
ZRSR2 mutation in 1 case, which occurred in an HLA™ HSPC with a DNMT3A mutation, was
the only mutation associated with expansion of the HSPC clone. Whole-exome sequencing of
the sorted HLA™ granulocytes confirmed the absence of any driver mutations in 5 patients
who had a particularly large loss of heterozygosity in chromosome 6p (6pLOH) clone size.
Flow-fluorescence in situ hybridization analyses of sorted HLA™ and HLA~ granulocytes
showed no telomere attrition in HLA™ granulocytes. The findings suggest that HLA™ HSPC
clones that escape CTL attack are essentially free from somatic mutations related to myeloid
malignancies and are able to support long-term clonal hematopoiesis without developing
driver mutations in AA patients unless HLA loss occurs in HSPCs with somatic mutations.

Introduction

Acquired aplastic anemia (AA) is an immune-mediated bone marrow failure triggered by T lymphocytes
specific to hematopoietic stem progenitor cells (HSPCs). Approximately 70% of patients respond to
immunosuppressive therapy (IST) and show the sustained restoration of hematopoiesis.' However,
5% to 10% of AA patients develop myelodysplastic syndromes (MDSs) or acute myelogenous leukemia
(AML) after a long latency period, and AA is therefore regarded as a preleukemic state similar to lower-
risk MDSs. In keeping with this concept, various studies have revealed clonal hematopoiesis in a subset
of AA patients. Studies using the lyonization of genes on the X chromosome have suggested
the presence of clonal hematopoiesis in ~30% of female patients with AA.>® Current studies using
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Late graft failure (LGF) is a rare but serious complication in
allogeneic hematopoietic stem cell transplant (allo-HSCT)
recipients with complete donor chimerism. A second allo-
HSCT from the original donor with or without pre-
conditioning may be effective [1, 2]; however, it is often
associated with transplant-related mortality. Some patients
with LGF can be successfully treated with immunosup-
pressive therapy to inhibit donor T cells capable of speci-
fically eliminating autologous hematopoietic stem cells
[3, 4]. However, it is difficult to confirm the involvement of
donor-derived cytotoxic T cells in the development of LGF.
Here, we report a case of donor-type LGF, which occurred
17 years after an allogeneic bone marrow transplantation
from a 6/8 human leukocyte antigen (HLA)-matched half-
sibling donor. Immune-mediated hematopoietic failure was
diagnosed based on the presence of HLA-A allele-lacking
leukocytes (HLA-LLs) attributed to copy number neutral
loss of heterozygosity in the short arm of chromosome 6
(6pLOH).

A 38-year-old female was diagnosed with having severe
aplastic anemia in November 1997. She did not respond to
treatment with horse anti-thymocyte globulin (ATG),
cyclosporine (CsA), and danazol: thus, there was a risk of
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death due to severe pancytopenia. As no HLA-matched
donors were available from her family and the Japan
Marrow Donor Program, she underwent bone marrow
transplantation from an HLA-haploidentical donor at the
age of 40 after a myeloablative conditioning regimen with
cyclophosphamide (60 mg/kg/day on days —4 and —3),
TBI (3 Gy x2/day on days —9 and —8), and cytarabine
(3g/m?x2/day on days —6 and —5). The HLA
haplotypes of the donor were A*02:01-B*54:01-C*01:02-
DRBI1#15:02/A%26:01-B*40:02-C*03:04-DRB1*09:01 and
the HLA haplotypes of the patient were A2/A24-B54/B61-
Cwl1/Cw9-DRB1*15:02/DRB1*09:01, which were esti-
mated to be A*¥02:01-B*54:01-C*01:02-DRBI1%*15:02/
A*24:02-B*40:02-C*03:03-DRB1*09:01 based on the
HLA frequency in the Japanese population. Neutrophil
engraftment occurred on day 19, and transfusion indepen-
dence was achieved on day 91 after bone marrow trans-
plantation. She developed chronic graft-versus-host disease
(cGVHD) of the skin, liver, and lungs on day 366 and
required long-term treatment with CsA and prednisolone
until August 2010. When CsA was discontinued at the age
of 51, her white blood cell count was 9.4 x 10°/L, hemo-
globin level was 12.2 g/dL, and platelet count was 92 x 10°/
L. Six years later, pancytopenia developed without
any signs of infection and recurrence of cGVHD. The
complete blood counts were as follows: white blood cells
2.9 % 10°/L with 78% neutrophils and 7.5% lymphocytes,
hemoglobin level 9.6 g/dL, platelets 12 x 10°/L, and reti-
culocytes 65 x 10°/L. Bone marrow examination showed
hypocellularity without abnormal cells and dysplastic
signs. Sex chromosome analyses of her peripheral
blood granulocytes and T cells showed complete donor
chimerism. LGF with complete donor chimerism was
diagnosed. A high-sensitivity flow cytometry assay revealed
glycosylphosphatidyl-inositol-anchored protein (GPI-AP)-
deficiency in 0.082% granulocytes and 0.006% erythrocytes
(Fig. 1a), suggesting that the patient’s LGF was immune-
mediated [3].
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The plasticity of induced pluripotent stem cells (iPSCs) with the potential to differenti-
ate into virtually any type of cells and the feasibility of generating hematopoietic stem
progenitor cells (HSPCs) from patient-derived iPSCs (iPSC-HSPCs) has many potential
applications in hematology. For example, iPSC-HSPCs are being used for leukemogene-
sis studies and their application in various cell replacement therapies is being evalu-
ated. The use of iPSC-HSPCs can now provide an invaluable resource for the study of
diseases associated with the destruction of HSPCs, such as bone marrow failure syn-
dromes (BMFSs). Recent studies have shown that generating iPSC-HSPCs from
patients with acquired aplastic anemia and other BMFSs is not only feasible, but is
also a powerful tool for understanding the pathogenesis of these disorders. In this arti-
cle, we highlight recent advances in the application of iPSCs for disease modeling of
BMFSs and discuss the discoveries of these studies that provide new insights in the
pathophysiology of these conditions. © 2019 Published by Elsevier Inc. on behalf of

ISEH - Society for Hematology and Stem Cells.

Aplastic anemia (AA) is a life-threatening bone marrow
failure (BMF) disorder, resulting in bone marrow hypopla-
sia, infection and hemorrhage, and severe peripheral pan-
cytopenia. Although the most cases of AA are acquired
and associated with the autoimmune destruction of
hematopoietic stem progenitor cells (HSPCs) in the BM,
in some cases, the BMF is caused by genetic or inherited
anomalies that impair hematopoiesis [1]. The destruction
or dysfunction of HSPCs in the BM of patients with BMF
syndromes (BMFSs) limits the study of these disorders
because the use of conventional in vitro HSPC culture or
in vivo animal models for creating patient-specific disease
modeling is technically impossible due to the unavailabil-
ity of patient-derived HSPCs. With the development of
induced pluripotent stem cells (iPSCs) [2], a promising
venue for the study of rare diseases such as BMFSs has
been opened. The generation of patient-derived iPSCs and
their subsequent differentiation into iPSC-HSPCs offer a
unique opportunity for generating disease models to study
several genetic and immune backgrounds of BMEFSs,

Offprint requests to: Shinji Nakao, MD, PhD, Hematology/Respiratory
Medicine, Faculty of Medicine, Institute of Medical Pharmaceutical and
Health Sciences, Kanazawa University, Takara-machi 13-1, 920-8641
Kanazawa, Japan; E-mail: snakao8205 @staff.kanazawa-u.ac.jp

facilitating the investigation of human rare diseases based
on individual patients’ phenotypes (Figure 1). Previously,
we summarized some aspects of using iPSCs for under-
standing AA pathogenesis and the methods of establishing
animal models for acquired AA (aAA) using iPSCs [3].
To achieve the goal of this review, we will focus on the
previous successful trials to generate iPSCs from patients
with different BMFSs. By drawing upon the broad experi-
mental expertise of the previous published works, we will
try to summarize the possible future application of this
technology in understanding the pathogenesis of BMFSs
and the potential challenges encountered using iPSC-based
models of these disorders.

Generation of iPSC clones from patients with
inherited BMFSs

Inherited BMFSs are a rare group of disorders often
developing in childhood that are characterized by BMF
with a marked reduction of all hematopoietic lineages
or a single-cell lineage usually in association with one
or more physical abnormalities [4]. Although the
genetic lesions linked with most inherited BMFSs have
been identified, some of the cellular events resulting
from such genetic aberrations have not been clarified
[5]. The utilization of iPSC-derived hematopoietic cells

0301-472X/© 2019 Published by Elsevier Inc. on behalf of ISEH — Society for Hematology and Stem Cells.
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m Dysregulation of T-cell-mediated immunity is responsible for acquired pure red cell aplasia
(PRCA). Although STAT3 mutations are frequently detected in patients with T-cell large
e Somatic STAT3 muta-
tions were frequently

found in PRCA with or
without T-LGLL.

granular lymphocytic leukemia (T-LGLL), which is often complicated by PRCA and which is

also reported to be associated with acquired aplastic anemia (AA) and myelodysplastic

syndrome (MDS), whether STAT3-mutated T cells are involved in the pathophysiology of

PRCA and other types of bone marrow failure remains unknown. We performed STAT3

* STAT3 mutation— mutation analyses of the peripheral blood mononuclear cells from PRCA patients (n = 42),
positive PRCA pat.ients AA (n = 54), AA-paroxysmal nocturnal hemoglobinuria (AA-PNH; n = 7), and MDS (n = 21)
were less responsive to using an allele-specific polymerase chain reaction and amplicon sequencing. STAT3

cy closporlrlle treatmt.ent mutations were not detected in any of the 82 patients with AA/PNH/MDS but were detected
than mutation-negative

o —— in 43% of the 42 PRCA patients. In all 7 STAT3-mutation—positive patients who were

studied, the STAT3 mutations were restricted to sorted CD8* T cells. The prevalence of STAT3
mutation in idiopathic, thymoma-associated, autoimmune disorder-associated, and
T-LGLL-associated PRCA was 33% (5 of 15), 29% (2 of 7), 20% (1 of 5), and 77% (10 of 13),
respectively. The STAT3-mutation—positive patients were younger (median age, 63 vs 73
years; P= .026) and less responsive to cyclosporine (46% [6 of 13] vs 100% [8 of 8];
P=.0092) in comparison with STAT3-mutation-negative patients. The data suggest that
STAT3-mutated CD8™ T cells may be closely involved in the selective inhibition of
erythroid progenitors in PRCA patients.

Introduction

Somatic mutations of STAT3, one of the STAT-signaling molecules, are among the most frequent types
of genetic alterations in patients with T- or natural killer (NK)—cell lymphoma, especially patients with
T-cell large granular lymphocytic leukemia (T-LGLL)," chronic lymphoproliferative disorders of NK cells
(CLPD-NK),? aggressive NK-cell leukemia,® and chronic adult T-cell leukemia/lymphoma (ATL/L).4
Activating mutations in the Src-homology 2 (SH-2) domain of STAT3 that led to the constitutional
phosphorylation of STAT3 and enhanced transcriptional activity by the JAK/STAT-signaling pathways
are considered to be mechanisms of aberrant T-/NK-cell proliferation, based on the STAT3 mutations in
these lymphoid malignancies.'?

Submitted 23 June 2018; accepted 20 September 2018. DOI 10.1182/ © 2018 by The American Society of Hematology
bloodadvances.2018022723.

The full-text version of this article contains a data supplement.

2704 23 OCTOBER 2018 - VOLUME 2, NUMBER 20

From www.bloodadvances.org by guest on April 21, 2019. For personal use only.


http://www.bloodadvances.org/
http://www.bloodadvances.org/page/rights-permissions

International Journal of Hematology (2018) 107:535-540
https://doi.org/10.1007/512185-018-2401-y

ORIGINAL ARTICLE

@ CrossMark

Efficacy and safety of switching to nilotinib in patients with CML-CP
in major molecular response to imatinib: results of a multicenter
phase Il trial (NILSw trial)

Jun Ishikawa’ - Itaru Matsumura? - Tatsuya Kawaguchi? - Junya Kuroda* - Hirohisa Nakamae® - Toshihiro Miyamoto® -
Ken-ichi Matsuoka’ - Hirohiko Shibayama® - Masayuki Hino® - Chikara Hirase? - Tomohiko Kamimura® -
Takayuki Shimose'? - Koichi Akashi® - Yuzuru Kanakura®

Received: 25 July 2017 / Revised: 29 December 2017 / Accepted: 12 January 2018 / Published online: 23 January 2018
© The Japanese Society of Hematology 2018

Abstract

We evaluated the efficacy and safety of switching to nilotinib in CML-CP patients who had achieved MMR with continuous
detectable BCR-ABLI1 transcript levels after long-term imatinib treatment. Patients who had achieved MMR, but not deep
molecular response (DMR), after > 18 months from the initiation of imatinib received nilotinib 400 mg twice daily for up to
24 months. BCR-ABL1 transcript levels were assessed every 3 months. Thirty-eight patients with a median age of 57.5 years
(range 22-76 years) were evaluated. Twenty-seven patients completed 24 months of nilotinib treatment; 11 discontinued
nilotinib due to retraction of consent (three patients), loss of MMR (1), intolerance (3) or AEs (5). Twenty patients [52.6%,
(90% CI 38.2-66.7%)] achieved DMR. The cumulative incidence of achieving DMR by the time of 3, 6, 9, 12, 15, 18, and
21 months was 22.9, 37.7,47.0, 53.7, 53.7, 53.7, and 53.7%, respectively. Adverse events were consistent with those reported
in other nilotinib studies. Patients experienced each of the following cardiovascular complications: atrial fibrillation (G2),
chest tightness and dyspnea (G1), myocardial infarction (G2) and heart failure (G3) (n = 1 for each complication). This study
indicates nilotinib achieves strong, rapid induction of DMR for patients who achieved MMR after long-term imatinib therapy.

Keywords Chronic myelogeneous leukemia - Deep molecular response - Major molecular response - Imatinib - Nilotinib

Introduction the goals of treatment for CML-CP with tyrosine kinase

inhibitors (TKIs) are mainly evaluated on monitoring the
Imatinib has dramatically improved the prognosis in patients =~ BCR-ABLI1 transcript level with real-time quantitative pol-
with Philadelphia chromosome-positive (Ph+) chronic mye-  ymerase chain reaction (RQ-PCR) from peripheral blood
loid leukemia in chronic phase (CML-CP) [1-3]. Today, [4, 5]. International Randomized Study of Interferon versus
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ARTICLE INFO ABSTRACT

Keywords: Clinical features of myelodysplastic syndromes (MDS) could be influenced by many factors, such as disease
Myelodysplastic syndromes intrinsic factors (e.g., morphologic, cytogenetic, molecular), extrinsic factors (e.g, management, environment),
Ethnicity and ethnicity. Several previous studies have suggested such differences between Asian and European/USA

Clinical features

Survival countries. In this study, to elucidate potential differences in primary untreated MDS between Japanese (JPN) and
urvival

Caucasians (CAUC), we analyzed the data from a large international database collected by the International
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Article history: ABSTRACT

Received 5 September 2017 Allogeneic hematopoietic stem cell transplantation (allo-HSCT) is a curative therapeutic option for patients

Accepted 13 November 2017 with chronic myelomonocytic leukemia (CMML). We retrospectively compared the post-transplantation out-
comes of 159 patients with CMML who underwent allo-HSCT using 4 types of donor sources: HLA-matched

Key Words: related donor graft, unrelated bone marrow (U-BM), unrelated cord blood (U-CB), and HLA-mismatched related

lChr]?ﬂiCA myelomonocytic donor graft. The median patient age at allo-HSCT was 54 years (range, 16 to 75 years). In multivariate anal-

eukemia

! e yses, the use of HLA-matched related donor grafts correlated with better overall survival than U-BM (hazard
ﬁ‘e“lfffa‘;es‘clgsgztgg"‘“‘c SteM  ratio [HR], 2.05; 95% confidence interval [CI], 1.21 to 3.48; P=.008), U-CB (HR, 3.80; 95% CI, 2.07 to 6.95; P<.001),
Donor SOEFCE or HLA-mismatched related donor grafts (HR, 6.18; 95% CI, 2.70 to 14.15; P<.001). Mortality after the relapse
or progression of CMML did not significantly differ among the 4 types of donor source. Transplantation-
related mortality was highest in recipients of U-CB (HR, 3.32; 95% CI, 1.33 to 8.26; P=.010). In patients with
CMML, allo-HSCT using an alternative donor may contribute to durable remission; however, further improve-
ments in transplantation-related mortality are required for this type of transplantation.
© 2017 American Society for Blood and Marrow Transplantation.
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ARTICLE INFO ABSTRACT

Keywords: The diagnosis of myelodysplastic syndromes (MDS) is based on morphology and cytogenetics. However, limited
Myelodysplastic syndromes information is currently available on the interobserver concordance of the assessment of dysplastic lineages
Aplastic anemia (< 10% or =10% in bone marrow (BM)). The revised International Prognostic Scoring System (IPSS-R) de-
Dysplasia

scribed a new threshold (2%) for BM blasts. However, the interobserver concordance of the categories (0-<2%
and > 2- < 5%) has limited data. The purpose of the present study was to investigate the assessment of dys-
plastic lineages and IPSS-R reproducibility. Our study was divided into two Steps. In each Step, the microscopic
examinations were performed separately by two morphologists. Regarding the category of BM blasts <2%
and > 2- < 5%, interobserver agreement was more than ‘moderate’ in all pairs (kappa test: 0.43-0.90).
Regarding dysgranulopoiesis (dysG) and dyserythropoiesis (dysE) in BM, interobserver agreement was more
than ‘moderate’ in all pairs (kappa test, dysG: 0.45-0.96, dysE: 0.45-0.81). Regarding the category of dysme-
gakaryopoiesis (dysMgk) in BM, interobserver agreement was more than moderate in 4 out of 5 pairs (kappa test:
0.58-1.00), and was fair for one pair (kappa test: 0.37). We consider that high interobserver concordance may be
possible for the BM blast cell count (<2% or > 2- < 5%) and dysplasia (< 10% or =10%) of each lineage.

Myeloblasts
Interobserver concordance
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Abstract

Leukemic relapse is frequently accompanied by progressively aggressive clinical course. To understand the molecular
mechanism of leukemic relapse, MLL/AF9-transformed mouse leukemia cells were serially transplanted in C57BL/6 mice
(N =96) by mimicking repeated recurrences, where mutations were monitored by exome sequencing (N = 42). The onset of
leukemia was progressively promoted with advanced transplants, during which increasing numbers of somatic mutations
were acquired (P <0.005). Among these, mutations in Ptpnll (p.G60R) and Braf (p.V637E) corresponded to those
identified in human MLL-AML, while recurrent mutations affecting Msn (p.R295C) were observed only in mouse but not in
human MLL-AML. Another mutated gene of interest was Gnb2 which was reported to be recurrently mutated in various
hematological neoplasms. Gnb2 mutations (p.G77R) were significantly increased in clone size (P =0.007) and associated
with earlier leukemia onset (P =0.011). GNB?2 transcripts were significantly upregulated in human MLL-AML compared to
MLL-negative AML (P <0.05), which was supported by significantly increased Gnb2 transcript induced by MLL/AF9
overexpression (P <0.001). In in vivo model, both mutation and overexpression of GNB2 caused leukemogenesis, and
downregulation of GNB2 expression reduced proliferative potential and survival benefit, suggesting a driver role of GNB2.
In conclusion, alterations of driver genes over time may play an important role in the progression of MLL-AML.

Introduction

Despite advanced therapeutics, many leukemia patients
become refractory to additional therapy, accounting for a
major cause of leukemic deaths. Among major human acute
myeloid leukemias (AMLs), MLL-rearranged AML (MLL-
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Mixed phenotype acute leukemia (MPAL) is a rare subtype of acute leukemia characterized
by leukemic blasts presenting myeloid and lymphoid markers. Here we report data from
integrated genomic analysis on 31 MPAL samples and compare molecular profiling with that
from acute myeloid leukemia (AML), B cell acute lymphoblastic leukemia (B-ALL), and T cell
acute lymphoblastic leukemia (T-ALL). Consistent with the mixed immunophenotype, both
AML-type and ALL-type mutations are detected in MPAL. Myeloid-B and myeloid-T MPAL
show distinct mutation and methylation signatures that are associated with differences in
lineage-commitment gene expressions. Genome-wide methylation comparison among
MPAL, AML, B-ALL, and T-ALL sub-classifies MPAL into AML-type and ALL-type MPAL,
which is associated with better clinical response when lineage-matched therapy is given.
These results elucidate the genetic and epigenetic heterogeneity of MPAL and its genetic
distinction from AML, B-ALL, and T-ALL and further provide proof of concept for a mole-
cularly guided precision therapy approach in MPAL.
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Abstract

Myelodysplastic syndrome (MDS) is a group of clonal stem cell disorders characterized by hematopoietic insufficiency.
The accurate risk stratification of patients with MDS is essential for selection of appropriate therapies. We herein conducted
a retrospective cohort study to examine the prognostic value of periodic acid-Schiff (PAS) reaction-positive erythroblasts
in MDS patients. We examined the PAS positivity of the bone marrow erythroblasts of 144 patients newly diagnosed with
MDS; 26 (18.1%) of them had PAS-positive erythroblasts, whereas 118 (81.9%) did not. The PAS-positive group showed
significantly poorer karyotypes as defined in the revised International Prognostic Scoring System (IPSS-R) and higher scores
in age-adjusted IPSS-R (IPSS-RA) than the PAS-negative group. Overall survival (OS) and leukemia-free survival (LFS)
were also significantly shorter in the PAS-positive group than in the PAS-negative group. Similar results were obtained
when only high- and very high risk groups were analyzed using IPSS-RA. This retrospective study suggested that the PAS
positivity of erythroblasts is an additional prognostic factor combined with other risk scores for OS and LFS in MDS, and
our results may contribute to improved clinical decision-making and rapid risk stratification.

Keywords PAS-positive erythroblasts - Myelodysplastic syndrome - Prognosis - International Prognostic Scoring System -
Revised International Prognostic Scoring System
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ABSTRACT

rdheim—Chester disease is a rare histiocytosis with insufficient clin-

ical data. To clarify the clinical features and prognostic factors of

Erdheim—Chester disease, we conducted a nationwide survey to
collect the detailed data of 44 patients with Erdheim—Chester disease in
Japan. The median age of onset of the participants was 51 (range: 23-76)
years, and the median number of involved organs per patient was 4
(range: 1-11). The existence of central nervous system disease was corre-
lated with older age (P=0.033), the presence of cardiovascular lesions
(P=0.015), and an increased number of involved organs (P=0.0042). The
median survival from the onset was 10.4 years, and >3.0 mg/dL C-reac-
tive protein level at onset was associated with worse outcome (median
survival, 14.6 vs. 7.4 years; P=0.0016). In a multivariate analysis, age >60
years (hazard ratio, 25.9; 95% confidence interval, 2.82-237; P=0.0040)
and the presence of digestive organ involvement (hazard ratio, 4.74; 95%
confidence interval, 1.05-21.4; P=0.043) were correlated with worse sur-
vival. Fourteen patients had available histological samples of Erdheim—
Chester disease lesions. BRAFV600E mutation was detected in 11 patients
(78%) by Sanger sequencing. A correlation between BRAF mutation sta-
tus and clinical factors was not observed. Our study revealed that age and
digestive organ involvement influence the outcome of Erdheim—Chester
disease patients, and an inflammatory marker, such as C-reactive protein,
might reflect the activity of this inflammatory myeloid neoplasm.

Introduction

Erdheim—Chester disease (ECD) is a rare non-Langerhans histiocytosis that was
first reported by Jakob Erdheim and William Chester in 1930." The number of
reports has drastically increased recently, perhaps due to the increased recognition
of the disease, and approximately 650-1000 cases have been reported.”ECD typ-
ically develops among middle-aged males, and bilateral cortical osteosclerosis
occurs in more than 95% of ECD patients.” Furthermore, some patients experience
involvements of the central nervous system (CNS), cardiovascular system, and var-
ious other organs.”’
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Abstract

It is controversial whether blast percentage based on all nucleated cells (ANC) or non-erythroid cells (NEC) more accurately
reflects the prognosis of patients with myelodysplastic syndromes (MDS). We considered that the impact of blast percentage on
survival should be similar in MDS with erythroid hyperplasia (MDS-E) and MDS with no erythroid hyperplasia (MDS-NE), and
from this perspective, we retrospectively analyzed 322 patients, including 44 with MDS-E and 278 with MDS-NE. Overall
survival was similar between the MDS-E and MDS-NE groups (P =0.94). In a subgroup of patients with bone marrow (BM)
blasts of < 5%, no difference in survival was found between MDS-E and MDS-NE by either calculation method. However, in
patients with a blast percentage between 5 and 10%, a significant difference in survival was observed only when the blast
percentage in MDS-E was calculated from ANC (P <0.001 by ANC and P=0.66 by NEC). A similar result was observed
when we analyzed the remaining patients with higher blasts together with those with blasts between 5 and 10%. These results
suggest that the calculation of the BM blast percentage based on NEC in MDS-E provides a blast percentage value with a clinical
impact consistent with that in MDS-NE.

Keywords Myelodysplastic syndromes (MDS) - Erythroid hyperplasia - Non-erythroid cells (NEC) - Acute myeloid leukemia
(AML)

Introduction

Myelodysplastic syndromes (MDS) are heterogeneous he-
matopoietic stem cell disorders characterized by ineffec-
tive hematopoiesis resulting in cytopenia and the risk of
progression to acute myeloid leukemia (AML) [1, 2].
Treatment strategies for MDS are usually decided upon

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00277-018-3560-x) contains supplementary
material, which is available to authorized users.
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based on a prognostic scoring system that includes the
percentage of bone marrow (BM) blasts, genetic abnor-
malities, and peripheral cytopenia [3—6]. Therefore, the
accurate estimation of BM blasts is important.

In the new World Health Organization (WHO) 2016 clas-
sification, the bone marrow blast percentage in MDS is calcu-
lated based on all nucleated cells (ANC) regardless of the
percentage of erythroid cells. However, some recent reports
have suggested that calculation of the blast percentage based
on non-erythroid cells (NEC) more accurately reflects the
prognosis of MDS with erythroid hyperplasia (MDS-E) than
that based on ANC [7, 8]. Thus, the method for calculating
BM blasts is still controversial.

We considered that the impact of blast percentage on
prognosis should be similar in MDS-E and MDS with no
erythroid hyperplasia (MDS-NE). From this perspective,
in this study, we classified patients according to the
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Abstract

To reduce post-transplant relapse, acute myeloid leukemia (AML) type remission
induction chemotherapy has been attempted to reduce disease burden before alloge-
neic hematopoietic cell transplantation (HCT) in patients with advanced
myelodysplastic syndrome (MDS). However, the efficacy of induction chemotherapy
before HCT is unclear. We retrospectively analyzed the Japanese registration data
of 605 adult patients, who had received allogeneic HCT for advanced MDS between
2001 and 2016, to compare the post-transplant relapse between patients who
received induction chemotherapy followed by allogeneic HCT and those who
received upfront HCT. Propensity score matching identified 230 patients from each
cohort. There were no significant differences in overall survival and non-relapse mor-
tality between the two groups. The cumulative incidence of relapse was significantly
higher in patients who received induction chemotherapy than those who received
upfront HCT. In the subgroup analyses, upfront HCT had a significantly reduced
relapse incidence among patients with poor cytogenetics, those with higher interna-
tional prognostic scoring system at diagnosis, and those who received reduced-
intensity conditioning. Our results suggested that AML type remission induction che-
motherapy before HCT did not improve post-transplant relapse and survival for adult
patients with advanced MDS. Upfront HCT is preferable for patients with a poor
karyotype.
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Abstract

Congenital dyserythropoietic anemia (CDA) is a heterogeneous group of rare congenital disorders characterized by ineffec-
tive erythropoiesis and dysplastic changes in erythroblasts. Diagnosis of CDA is based primarily on the morphology of bone
marrow erythroblasts; however, genetic tests have recently become more important. Here, we performed genetic analysis of
10 Japanese patients who had been diagnosed with CDA based on laboratory findings and morphological characteristics. We
examined 10 CDA patients via central review of bone marrow morphology and genetic analysis for congenital bone mar-
row failure syndromes. Sanger sequencing for CDANI, SEC23B, and KLFI was performed for all patients. We performed
whole-exome sequencing in patients without mutation in these genes. Three patients carried pathogenic CDANI mutations,
whereas no SEC23B mutations were identified in our cohort. WES unexpectedly identified gene mutations known to cause
congenital hemolytic anemia in two patients: canonical G6PD p.Val394Leu mutation and SPTAI p.Arg28His mutation.
Comprehensive genetic analysis is warranted for more effective diagnosis of patients with suspected CDA.

Keywords Congenital dyserythropoietic anemia - Congenital hemolytic anemia - Whole-exome analysis

Introduction
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Congenital dyserythropoietic anemia (CDA) is a heterog-
enous group of rare congenital disorders characterized by
ineffective erythropoiesis and dysplastic changes in eryth-
roblasts. CDA is originally classified into three major types
on the basis of morphological findings [1], and most patients
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exhibit CDA type I (CDA I) or CDA type II (CDA II). CDA
has mainly been reported in Western European and Middle-
Eastern countries and very few cases have been published
from East Asian countries [2—4]. The clinical diagnosis of
CDA is primarily based on the laboratory findings of inef-
fective erythropoiesis and the characteristic morphology of
erythroblasts in the bone marrow (BM) [5]. Specific diag-
nostic tests, including the acid serum lysis test using ABO-
compatible sera or the abnormality of bands 3 and 4.5 shown
using sodium dodecyl sulfate polyacrylamide gel electro-
phoresis, are not available except in specialized diagnostic
centers for CDA. However, 80-90% of patients with CDA 1
or CDA II carry causative mutations in CDANI or SEC23B,
respectively [6], which have increased the significance of
genetic tests in the diagnosis of CDA. In the present study,
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Abstract

Although several causal genes of familial myelodysplastic syndromes (MDS) have been identified, the genetic landscape and
the molecular pathogenesis are not totally understood. To explore novel driver genes and their pathogenetic significance, we
performed whole-exome sequence analysis of four individuals from a familial MDS pedigree and 10 candidate single-
nucleotide variants (C9orf43, CYP7B1, EFHB, ENTPD7, FAM160B2, HELZ2, HLTF, INPP5J, ITPKB, and RYK) were
identified. Knockdown screening revealed that Hitf downregulation enhanced colony-forming capacity of primary murine
bone marrow (BM) stem/progenitor cells. YH2AX immunofluorescent staining assay revealed increased DNA damage in a
human acute myeloid leukemia (AML) cell line ectopically expressing HLTF E259K, which was not observed in cells
expressing wild-type HLTF. Silencing of HLTF in human AML cells also led to DNA damage, indicating that HLTF E259K
is a loss-of-function mutation. Molecularly, we found that an E259K mutation reduced the binding capacity of HLTF with
ubiquitin-conjugating enzymes, methanesulfonate sensitive 2 and ubiquitin-conjugating enzyme E2N, resulting in impaired
polyubiquitination of proliferating cell nuclear antigen (PCNA) in HLTF E259K-transduced cells. In summary, our results
indicate that a familial MDS-associated HLTF E259K germline mutation induces accumulation of DNA double-strand
breaks, possibly through impaired PCNA polyubiquitination.

Introduction

The myelodysplastic syndromes (MDS) are a group of
clonal disorders of hematopoietic stem cells, characterized
by bone marrow (BM) dysplasia and ineffective hemato-
poiesis [1, 2]. Previous comprehensive mutational ana-
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lyses uncovered the genetic landscape of sporadic MDS,
including frequent alterations in Tet methylcytosine
dioxygenase 2 (TET2), splicing factor 3b subunit 1
(SF3Bl1), additional sex combs like 1, transcriptional
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Introduction: The INPULSIS-ON trial demonstrated that nintedanib reduced decline in forced
vital capacity (FVC) and low pulmonary function (%FVC < 50%) of patients with idiopathic
pulmonary fibrosis (IPF). However, there is no sufficient evidence in real world.
Objectives: Reveal the utility and adverse events of nintedanib for severe IPF patients.
Methods: This was a single-center retrospective study. Patients who met the eligibility criteria
of the INPULSIS trial (%FVC = 50%; %D, .,
% predicted] = 30%) were classified as Mild to Moderate Group (n = 34); patients who did not
meet the criteria were classified as Severe Group (n=17).

Results: The body mass index (24.7 £ 3.4 vs 22.4 £ 3.6 kg/m?; P = 0.021) were significantly
low in Severe Group. Main adverse events (diarrhea, nausea, liver disorder, and acute exac-

[diffusing capacity of the lung carbon monoxide

erbation) tended to be more in Severe Group than in Mild to Moderate Group; however, the
difference was not significant (P = 0.76, 0.14, 0.18, and 0.67, respectively). The continuation
rates over 12 months tended to be higher in Mild to Moderate Group than in Severe Group
(77% vs 44%; P =0.027). Log-rank test revealed that the prognosis was significantly better in
Mild to Moderate Group than in Severe Group (P = 0.014). In the Severe Group, patients who
were able to continue nintedanib for more than 3 months had significantly better prognosis
compared to those who could not (P = 0.007).

Conclusion: The benefit from nintedanib was reduced in patients in Severe Group when
compared to those in Mild to Moderate Group; however, the prognosis is expected to improve
with control of side effects and long-term administration. It is more important to control the
side effects in Severe Group.

Keywords: idiopathic pulmonary fibrosis, nintedanib, triple tyrosine kinase inhibitor, INPULSIS
trials, forced vital capacity

Introduction

IPF is a chronic progressive interstitial pneumonia.' It has been reported that an average
survival time of IPF is 2-3 years after diagnosis, and the prognosis of IPF is as poor
as many types of cancers.>* The pulmonary function test is important for evaluation
of the severity of IPF. The FVC and D, . have also been reported to be important
prognostic factors of IPF patients.>*”

Nintedanib is a tyrosine-kinase inhibitor and targets vascular endothelial growth
factor receptors, fibroblast growth factor receptors, and platelet-derived growth
factor receptors.®® In the most recent international clinical practice guidelines,
nintedanib received a conditional recommendation for the treatment of IPF." The
TOMORROW trial (nintedanib Phase II clinical trial)'' and INPULSIS-1/2 trial
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1 | OVERVIEW OF LANGERHANS CELL

HISTIOCYTOSIS

| Arinobu Tojo

Langerhans cell histiocytosis (LCH) is a rare systemic disorder characterized by the
accumulation of CD1a+/Langerin+ LCH cells and wide-ranging organ involvement.
Langerhans cell histiocytosis was formerly referred to as histiocytosis X, until it was
renamed in 1987. Langerhans cell histiocytosis p was named for its morphological
similarity to skin Langerhans cells. Studies have shown that LCH cells originate from
myeloid dendritic cells rather than skin Langerhans cells. There has been significant
debate regarding whether LCH should be defined as an immune disorder or a neo-
plasm. A breakthrough in understanding the pathogenesis of LCH occurred in 2010
when a gain-of-function mutation in BRAF (V600E) was identified in more than half
of LCH patient samples. Studies have since reported that 100% of LCH cases show
ERK phosphorylation, indicating that LCH is likely to be a clonally expanding myeloid
neoplasm. Langerhans cell histiocytosis is now defined as an inflammatory myeloid
neoplasm in the revised 2016 Histiocyte Society classification. Randomized trials and
novel approaches have led to improved outcomes for pediatric patients, but no well-
defined treatments for adult patients have been developed to date. Although LCH is
not fatal in all cases, delayed diagnosis or treatment can result in serious impairment
of organ function and decreased quality of life. This study summarizes recent ad-
vances in the pathophysiology and treatment of adult LCH, to raise awareness of this

“orphan disease”.

KEYWORDS
adult, histiocytosis, Langerhans cell, mitogen-activated protein kinase, proto-oncogene
protein BRAF

Letterer-Siwe disease, and eosinophilic granuloma were unified as his-
tiocytosis X in 1953 and renamed LCH in 1985.° Histopathologically,
LCH is generally defined by CD1a+/Langerin+ Langerhans-like cells.

The Langerhans cell was first described by Paul Langerhans Jr. in
1868.1 The first definitive case of Langerhans cell histiocytosis (LCH)
was reported in 1893 by Alfred Hand.? The patient was a 3-year-old
boy with polyuria, exophthalmos, and hepatosplenomegaly; simi-
lar cases were reported by Henry Christian and Arthur Schuller.®#
The disease was named Hand-Schuller-Christian disease. Based on

similar histopathological patterns, Hand-Schuller-Christian disease,

The specific origin of LCH cells has yet to be identified. The incidence
of LCH is reported to be 3-5/million; the majority of patients are
children younger than 3 years and the incidence in adults is approx-
imately 1-2/million.® Incidence appears to be higher in Caucasians in
northern European countries, and lower in Asia and Africa.’

The clinical manifestation of LCH varies from a single-organ

disease that could spontaneously go into remission, to a systemic

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2018 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.
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ARTICLE INFO ABSTRACT

Article history: Cases of extracorporeal membrane oxygenation (ECMO) bridged lung transplantation (LTx)
Received 20 July 2017 are rare in Japan because an allocation system to prioritize patients based on urgency
Received in revised form remains to be established. For critically ill patients who cannot wait for a brain-dead donor
12 December 2017 LTx, ECMO bridge to living-donor LTx may be the only practical option. A 21-year-old
Accepted 27 December 2017 woman with pleuroparenchymal fibroelastosis after hematopoietic stem cell transplanta-
Available online 12 February 2018 tion was admitted to our hospital with rapidly progressive respiratory failure. She was

waitlisted for 6 months before admission, but veno-venous ECMO was initiated. She was
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ABSTRACT

A 67-year-old woman with fever and cough was diagnosed with eosinophilic pneumonia because of eosinophilia
and increased eosinophil levels in the bronchoalveolar lavage fluid and transbronchial biopsy lung specimens.
However, prednisolone therapy at a previous hospital was ineffective. Histological findings from thoracoscopic
lung and lymph node biopsies were consistent with multicentric Castleman's disease (MCD). Since specimens
also showed prominent eosinophil and IgGy-positive plasma cell infiltration, it was difficult to distinguish IgG4-
related disease (IgG4-RD) from MCD. Administration of prednisolone plus tocilizumab improved the symptoms
and lung lesions, and prednisolone administration was successfully reduced and then terminated. The present
case highlights the difficulty in diagnosing MCD and IgG4-RD, and suggests that combined administration of
tocilizumab and prednisolone might be effective in such a case.

1. Introduction

Multicentric Castleman's disease (MCD) is a benign lymphoproli-
ferative disorder presenting with multiple enlarged lymph nodes asso-
ciated with plasma cell invasion, and is characterized by polyclonal
hypergammaglobulinemia due to IL-6 overproduction [1,2]. IgGy4-re-
lated disease (IgG4-RD) is a novel disease entity characterized by high
serum IgGy levels and tissue infiltration of IgG4-producing plasma cells,
and occasionally by eosinophilia and tissue eosinophil infiltration [3].
Since these diseases exhibit similar pathological findings, it can be
difficult to differentiate MCD from IgG4-RD [4-6]. Here, we report a
tocilizumab-effective case that was initially diagnosed with eosinophilic
pneumonia (EP), but was later diagnosed with MCD, with difficulty in
excluding IgG4-RD.

2. Case report

A 67-year-old woman with fever and cough was referred to a gen-
eral hospital. A chest computed tomography (CT) scan revealed med-
iastinal lymphadenopathy and ground glass opacities in both lung
fields. Initial blood examinations revealed a white blood cell (WBC)

count of 11700/uL and an eosinophil count of 2925/uL. Cellular ana-
lysis of the bronchoalveolar lavage fluid (BALF) revealed 12.5% eosi-
nophils. Histological findings from transbronchial lung biopsy (TBLB)
specimens showed eosinophilic infiltration (5 cells/high-powered field
[HPF]) (Fig. 1a). The patient was initially diagnosed with eosinophilic
pneumonia, and oral prednisolone (PSL) was started at 30 mg/day.
Thereafter, the ground glass opacities partially disappeared, and PSL
was reduced to 10 mg/day. However, infiltrative opacities started ap-
pearing in the right middle lobe and the left lingula segment in chest
CT. The patient was referred to our department for further examination.

Her medical history included steroid diabetes mellitus, surgery for
extra-uterine pregnancy at the age of 30 years, and retinal detachment
surgery at the age of 53. She had smoked four cigarettes a day for 20
years. She was receiving PSL 10 mg/day (prescribed for EP by the
previous doctor), famotidine 20 mg/day, carbocysteine 1500 mg/day,
and insulin lispro (8 U/day) for steroid diabetes mellitus. Her body
temperature was 35.9 °C and her oxygen saturation was 98% on room
air. Fine crackles were heard in the bilateral lower lungs, without
wheezing. Superficial lymph nodes and submandibular glands were not
palpable. She had no obvious symptoms of dry eyes, dry mouth, erup-
tion, or numbness in the extremities.

Abbreviations: BALF, bronchoalveolar lavage fluid; CRP, C-reactive protein; CT, computed tomography; EGPA, eosinophilic granulomatosis with polyangiitis; EP, eosinophilic pneu-
monia; HPF, high-powered field; IgG4-RD, 1gGy-related disease; MCD, multicentric Castleman's disease; PSL, prednisolone; TBLB, transbronchial lung biopsy; UCD, unicentric Castleman's

disease; WBC, white blood cell
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