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% 3 Comparability of treatment groups.

Treatment group

Characteristics

None Erythromycin
(N =48) (N =40)
Age in years
Mean+ SD. 49+36  4.0+29
Range 0~15 0~11
Sex
Male 26 23
Female 22 17
Blood in stool 9 (13%) 12(30%)
Fever 28(58%) 30(75%)
Days ill before visit '
to our hospital
Mean+ SD. 3.9+3.6 3.3=1.9
Range 1~20 1~

Percentage o}
of
Culture positive

Patients

SO

Untreated

Erythromycin e

treated

Weeks after onset of symptems

waek




'HELANCET, JANUARY 16, 1982

DOUBLE-BLIND PLACEBO CONTROLLED
TRIAL OF ERYTHROMYCIN FOR TREATMENT
OF CAMPYLOBACTER ENTERITIS

BRONWEN J. ANDERS BRIAN A. LAUER
JOHN W, PAISLEY L. BARTH RELLER
CHARACTERISTICS OF PATIENTS AND RESULTS OF ERYTHROMYCIN
OR PLACEBO TREATMENT OF CAMPYLOBACTER ENTERITIS
Placebo Erythromycin
(n=14) (n=15)
Pretreatment:
‘ <10 yr 4 5
Age { 10=20 yr 1 1
>20 yr 9 9
Sex (M/F) W5 /6
Days of iliness before
therapy (mean) ' 6-5 5:6
Maximum number of stools
per day (mean) 13:3 13
Blood in stools 7 (50%) 6 (40:%)
Mucus in stools 8 (57%) 6 (40%)
Post-ireaiment:
Bacteriological cure at 7 days 6 (42%) 15 (100%)
Mecan days 1o normal stool 36 39
Clinical relapse 0 0
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Treatment of Aplastic Anemia in Children With Recombinant Human
Granulocyte Colony-Stimulating Factor

By Seiji Kojima, Minoru Fukuda, Yuji Miyajima, Takaharu Matsuyama, and Keizo Horibe

Twenty children (aged 1 to 17 years) with severe or moderate
aplastic anemia were treated with recombinant human gran-
ulocyte colony-stimulating factor (rhG-CSF) at a dose of 400
1.g/m? per day administered as a 30-minute intravenous (IV)
infusion daily for 2 weeks. This treatment increased the
neutrophil counts (2.7- to 28.0-fold) in 12 of the 20 patients.
Increasing doses (800 or 1,200 .g/m’ per day) were adminis-
tered to five patients who had not responded to the initial
dose, and three showed an increase in neutrophil count.
Differential counts of bone marrow (BM) aspirates showed

an increase in the myeloid/erythroid ratio. The response was
transient, however, and the neutrophil count returned to
baseline within 2 to 10 days of discontinuing treatment. No
severe toxicity attributable to rhG-CSF was observed. The
results suggest that this agent is effective in stimulating
granulopoiesis in children with aplastic anemia. Our study
also indicates that rhG-CSF will be particularly useful in
managing patients with aplastic anemia complicated by
bacterial or fungal infection.

© 1991 by The American Society of Hematology.

Citation:126



Myelodysplastic Syndrome and Acute Myelogenous Leukemia as a Late
Clonal Complication in Children With Acquired Aplastic Anemia

By Akira Ohara, Seiji Kojima, Nobuyuki Hamajima, Masahiro Tsuchida, Shinsaku Imashuku, Shigeru Ohta,
Hideki Sasaki, Jun Okamura, Kanji Sugita, Hisato Kigasawa, Yukio Kiriyama, Junichi Akatsuka, and Ichiro Tsukimoto

The improved outcome of acquired aplastic anemia (AA) has
revealed later complications, such as myelodysplastic syn-
drome (MDS) and acute myelogenous leukemia (AML). We
retrospectively analyzed 167 children with severe acquired
AA. Eleven of 50 children treated with cyclosporin (CSA) and
recombinant human granulocyte colony-stimulating factor
(rhG-CSF) developed MIDS/AML; 8 of these were within 36
months of the diagnosis of AA, much earlier than previous
reports. Six of the 11 children received rhG-CSF exceeding
10 ng/kg/d, and 9 received rhG-CSF therapy for over 1 year.

Ten children showed monosomy 7 at diagnosis of MDS. All
of the 11 children were administered both CSA and rhG-CSF.
There was no development of MDS/AML among 41 children
treated with either CSA or rhG-CSF or among 48 children
who underwent bone marrow transplantation. A well-con-
trolled clinical trial is warranted to determine whether thera-
peutic modalities affect the development of MDS/AML in
children with severe acquired AA.

© 1997 by The American Society of Hematology.

Citation:168
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Immunosuppressive therapy using antithymocyte globulin, cyclosporine, and
danazol with or without human granulocyte colony-stimulating factor i children
with acquired aplastic anemia

Seiji Kojima, Shigeyoshi Hibi, Yoshiyuki Kosaka, Masuji Yamamoto, Masahiro Tsuchida, Hideo Mugishima, Kanji Sugita, Hiromasa Yabe,
Akira Ohara, and Ichiro Tsukimoto for the Japan Childhood Aplastic Anemia Study Group

A prospective multicenter trial of 119 chil-
dren 1 to 18 years of age with newly diag-
nosed aplastic anemia (AA) was conducted,
comparing treatment using antithymocyte
globulin (ATG), cyclosporine (CyA), and
danazol (DAN) with or without rhG-CSF (400
png/m2, day on days 1-90). All children with
very severe AA received rhG-CSF (VSAA
group, n = 50). The other children were ran-
domized to receive ATG, CyA, DAN, and
rhG-CSF (G-CSF+ group, n = 35) or ATG,
CyA, and DAN without rhG-CSF (G-CSF—
group, n = 34). After 6 months, the hemato-
logic response rate was 71%, 55%, and 77%

in the VSAA group, G-CSF+ group, and
G-CSF— group, respectively. There was no
difference in the incidence of febrile epi-
sodes and documented infections between
the G-CSF+ and G-CSF— groups. Bone
marrow transplantation (BMT) was at-
tempted in 22 patients in whom initial immu-
nosuppressive therapy (IST; n = 18) failed
orin whom arelapse occurred after an initial
response (n = 4). Nineteen of the 22 pa-
tients are alive and well after a median
follow-up of 18 months (range, 3 to 66
months) since BMT. The probability of sur-
vival at 4 years was 83% = 7% in the VSAA

group, 91% = 5% in the G-CSF+ group, and
93% = 6% in the G-CSF— group. Myelodys-
plastic syndrome (MDS)/acute myeloid leu-
kemia (AML) developed in one patient in
each of the three groups; the overall risk for
MDS/AML was 3% = 2% at 4 years. Because
the results of IST were encouraging, it is
suggested that children with AA receive
IST as first-line therapy if there is no hu-
man leukocyte antigen-matched sibling
donor. (Blood. 2000;96:2049-2054)

© 2000 by The American Society of Hematology

Citation: 95







Risk factors for evolution of acquired aplastic anemia mto myelodysplastic
syndrome and acute myeloid leukemia after immunosuppressive

therapy in children

Seiji Kojima, Akira Ohara, Masahiro Tsuchida, Toru Kudoh, Ryoji Hanada, Yuri Okimoto, Takashi Kaneko, Toshikuni Takano, Koichiro Ikuta,
and Ichiro Tsukimoto, for the Japan Childhood Aplastic Anemia Study Group

Long-term survivors of acquired aplas-
tic anemia (AA) have an increased risk
of developing myelodysplastic syn-
drome (MDS) and acute myeloid leuke-
mia (AML) after immunosuppressive
therapy (IST). It is uncertain whether the
increased survival time simply dis-
closes the natural history of AA as a
premalignant disease or whether sec-
ondary disease is related to the therapy
itself. Between November 1992 and Sep-
tember 1997, 113 AA children with nor-
mal cytogenetics at diagnosis were
treated with IST using antithymocyte

globulin, cyclosporin, and danazol with
or without granulocyte colony-stimulat-
ing factor (G-CSF). We assessed risk
factors for developing MDS/AML by Cox
proportional hazards models. Twelve of
113 patients developed MDS between 9
and 81 months following the time of
diagnosis, giving a cumulative inci-
dence of 13.7 = 3.9%. The following cy-
togenetic abnormalities were observed
at the time of diagnosis of MDS: mono-
somy 7 (6 patients), monosomy7/tri-
somy21 (1 patient), trisomy 11 (1 pa-
tient), del (11) (9?7:14) (1 patient), add

(9q) (1 patient), add 7 (q 32) (1 patient),
and trisomy 9 (1 patient). The number of
days of G-CSF therapy and nonre-
sponse to therapy at 6 months were
statistically significant risk factors by
multivariate analysis. The present study
suggests a close relationship between
long-term use of G-CSF and secondary
MDS in nonresponders to IST. (Blood.
2002;100:786-790)

© 2002 by The American Society of Hematology

Citation: 91



Comparison between AA patients treated with or without G-CSF

Study

Response Rate at 6months

Kojima S, 2000
Gluckman E, 2002
Teramura H, 2007
Tichelli A, 2011
Fixed effect model

Overall Survival
Kojima S, 2000
Gluckman E, 2002
Teramura H, 2007
Tichelli A, 2011
Fixed effect model

Evolution to MDS
Kojima S, 2000
Gluckman E, 2002
Teramura H, 2007
Tichelli A, 2011
Fixed effect model

18
31
26
66

13

23

D A=

28

G-CSF

Events Total

33
23
46
97

35
93
51
95
234

35
93
41
95
224

Control
Events Total
24 31
31 49
36 47
63 95

222

1 34
13 49
6 50
21 97
230

1 34
1 49
2 33
19 97
213

OR

0.35
0.82
0.40
1.08
0.71

3.09
0.90
0.46
1.16
1.01

0.97

0.1

0.5

10

3.92
2.66
1.72
1.90

95%—Cl W(fixed) W(random)

[0.12; 1.04]
[0.37; 1.82]
[0.16; 0.97]
[0.59; 1.98]
[0.48; 1.05]

[0.31; 31.32]
[0.37; 2.19]
[0.11; 1.94]
[0.59; 2.27]
[0.62; 1.64]

[0.06; 16.17]
[0.42; 36.34]
[0.50; 14.14]
[0.88; 3.35]
[1.07; 3.39]

10.2%
12.1%
14.1%
18.5%
54.9%

0.8%
9.3%
9.2%
14.3%
29.6%

0.9%
0.9%
1.7%
12.0%
15.5%

7.8%
11.9%
10.3%
16.2%

2.1%
10.3%
4.9%
14.4%

1.5%
2.3%
3.8%
14.6%
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Outcome of 154 patients with severe aplastic anemia who received transplants
from unrelated donors: the Japan Marrow Donor Program

Seiji Kojima, Takaharu Matsuyama, Shunichi Kato, Hisato Kigasawa, Ryoji Kobayashi, Atsushi Kikuta, Hisashi Sakamaki, Koichiro lkuta,
Masahiro Tsuchida, Yasutaka Hoshi, Yasuo Morishima, and Yoshihisa Kodera

We retrospectively analyzed results for
154 patients with acquired severe aplas-
tic anemia who received bone marrow
transplants between 1993 and 2000 from
unrelated donors identified through the
Japan Marrow Donor Program. Patients
were aged between 1 and 46 years (me-
dian, 17 years). Seventy-nine donor-
patient pairs matched at HLA-A, -B, and
-DRB1 loci, as shown by DNA typing.
Among the 75 mismatched pairs, DNA
typing of 63 pairs showed that 51 were
mismatched at 1 HLA locus (18 HLA-A, 11
HLA-B, 22 HLA-DRB1) and 12 were mis-

matched at 2 or more loci. Seventeen
patients (11%) experienced either early or
late graft rejection. The incidence of grade
VIV acute graft versus host disease and
chronic graft versus host disease was
20% (range, 7%-33%) and 30% (range,
12%-48%), respectively. Currently, 99 pa-
tients are alive, having survived for 3 to
82 months (median, 29 months) after their
transplantations. The probability of over-
all survival at 5 years was 56% (95%
confidence interval, 34%-78%). Multivari-
ate analysis revealed the following unfa-
vorable factors: transplantation more than

3 years after diagnosis (relative risk [RR],
1.86; P = .02), patients olderthan 20 years
(RR, 2.27; P = .03), preconditioning regi-
men without antithymocyte globulin (RR
2.28; P= .04), and HLA-A or -B locus
mismatching as determined by DNA typ-
ing. Matching of HLA class | alleles and
improvement of preparative regimens
should result in improved outcomes in
patients with severe aplastic anemia who

receive transplants from unrelated do-
nors. (Blood. 2002;100:799-803)

© 2002 by The American Society of Hematology

Citation: 94




Prospective multicenter trial comparing repeated immunosuppressive therapy with
stem-cell transplantation from an alternative donor as second-line treatment for
children with severe and very severe aplastic anemia

Yoshiyuki Kosaka,' Hiroshi Yagasaki,? Kimihiko Sano, Ryaji Kobayashi * Hiroshi Ayukawa,® Takashi Kaneko,®
Hiromasa Yabe,” Masahiro Tsuchida, Hideo Mugishima ® Akira Ohara,'® Akira Morimato, " Yoshitoshi Otsuka, '2
Shouichi Ohga, ™ Fumio Bessho, " Tatsutoshi Nakahata, ™ lchiro Tsukimoto,"® and Seiji Kojima,? on behalf of the Japan

Childhood Aplastic Anemia Study Group

We conducted a prospective multicenter
study to compare the efficacy of repeated
immunosuppressive therapy (IST) with
stem-cell transplantation (SCT) from an
alternative donor in children with ac-
quired aplastic anemia (AA) who failed to
respond to an initial course of IST. Pa-
tients with severe (n = 86) and very se-
vere disease (n = 119) received initial IST
consisting of antithymocyte globulin
(ATG) and cyclosporine. Sixty patients
failed to respond to IST after 6 months

from the initial IST and were eligible for
second-line treatment. Among them,
21 patients lacking suitable donors re-
ceived a second course of IST. Three
patients developed an anaphylactoid reac-
tion to ATG and could not complete the
second IST. A trilineage response was
seen in only 2 of 18 (11%) evaluable
patients after 6 months. Thirty-one pa-
tients received SCT from an alternative
donor. At 5 years from the initiation of
second-line therapy, the estimated failure-

free survival (FFS), defined as survival
with response, was 83.9% (+ 16.1%, SD)
in the SCT group compared with 9.5%
(+ 9.0%) inthe IST group (P = .001). These
results suggest that SCT from an alterna-
tive donor offers a better chance of FFS
than a second IST in patients not respond-
ing to an initial IST. (Blood. 2008;111:
1054-1059)

© 2008 by The American Society of Hematology

Citation: 65
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Horse v.s Rabitt
(ATGAM vs. Thymo)

Prospective Randomized Study, NIH (n=120)

Group| Horse ATG ATGAM (40 mg/kg/d x 4 days) +CSA

Table 2. Hematologic Response at 3 and 6 Months to Horse ATG and Rabbit
ATG.
Horse ATG Rabbit ATG
Response (N=60) 95% ClI (N=60) 95%Cl P Value
no. (%) no. (%)
At 3 mo 37(62)  49-74 20(33)  21-46  0.002
At 6 mo 41[68)]  56-80 22[37)] 2449 <0.001

Scheinberg P, NEJM 2011



ARTICLE

Long-term outcome after immunosuppressive therapy with horse
or rabbit antithymocyte globulin and cyclosporine for severe aplastic
anemia in children

Dae Chul Jeong*, Nack Gyun Chung,* Bin Cho,* Yao Zou,”> Min Ruan,? Yoshiyuki Takahashi,* Hideki Muramatsu,®
Akira Ohara*, Yoshiyuki Kosaka,® Wenyu Yang,”> Hack Ki Kim,* Xiaofan Zhu,? and Seiji Kojima®

‘Department of Pediatrics, College of Medicine, The Catholic University of Korea, Korea; *Institute of Hematology and
Blood Disease Hospital, Chinese Academy of Medical Science and Pekin Union Medical College, China; *Nogaya
University Graduate School of Medicine, Japan; *Department of Pediatrics, Toho University School of Medicine, Tokyo,
Japan; and ®Division of Hematology and Oncology, Hyogo Children’s Hospital, Japan
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A Prospective Randomized Multicenter Study
Comparing Different Dosages of Rabbit Antithymocyte
Globulin(Thymoglobuline®) in Patients with Severe

Aplastic Anemia

A Study for the Asia-Pacific Blood and Marrow Transplantation Group(APBMT),
Severe Aplastic Anemia Working Party

Principal Investigator Seiji Kojima MD,PhD
Department of Pediatrics,
Nagoya University Graduate School of Medicine, Nagoya, Japan

Co-Investigators Shinji Nakao MD.PhD
Cellular Transplantation Biology, Kanazawa University
Graduate School of Medical Science, Kanazawa, Japan

Jong Wook Lee, MD,PhD
Division of Hematology, Seoul St.Mary’s Hospital
The Catholic University of Korea, Seoul, Korea

Xiao-fan Zhu, MD
Chinese Academy of Medical Science & Peking Union

Medical College, Institute of Hematology & Hospital for Blood
Disease

Tianjin, China
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PB and BM smear

Nagoya University
St. Luke’s Hospital

PNH
Telomere length

Nagoya University

4 AA/MDSHHE2

VAT L

Pathology

Japanese Red Cross
Nagoya 1t Hospital

JMML/CBMTFs associated
gene analysis

*Nagoya University
*Shinshu University
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FA FANCA Tokai Univ.

DC DKC1, TERC, TERT, Nagoya Univ.

NOP10, NHP2, TINF2, TCAB1

SDS SBDS Kyoto Univ.

CAMT MPL Nagoya Univ.

CDA CDAN1, SEC23B, KLF1 Nagoya Univ.

DBA RPS10, RPS14, RPS17, RPS19, Hirosaki Univ.
RPS24, RPS26, RPL5, RPL11, RPL35a

SCN ELA2, GFI1, WAS, HAX1, G6PC Hiroshima Univ.
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ACTN1 mutations cause congenital macrothrombocytopenia.
Am J Hum Genet, 2013

JMML
Exome sequencing identifies secondary mutations of SETBP1 and JAK3 in juvenile

myelomonocytic leukemia
Nat Genet, 2013

TAM
The landscape of somatic mutations in Down syndrome-related myeloid disorders
Nat Genet, 2013

DBA
Loss of function mutations in RPL27 and RPS27 identified by whole-exome

sequencing in Diamond-Blackfan anaemia.
Br J Haematol, 2014

Fanconi& I
Mutations in the E2 conjugating enzyme UBEZ2T gene cause Fanconi anemia
Am J Hum Genet, 2015

FEXRMEBMmMEE M
ATP11C is a major flippase in human erythrocytes and its defect causes congenital
hemolytic anemia

Haematologica, 2016
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FANCE Compound heterozygous mutation

(1Dc.T419C—p.L140P
heterozygous mutation

Control

I Control

(2c.648delC—p.V216fs
heterozygous mutation

AAT T GC

A )“.G G G L“‘.T T T {

!
()

Patient

G G GT il CEIA"‘. A AR

Patient

AATT GC C GC G A

AMGGGATTT

Forward—>

GGGTCCC|AIA RN

AGG ATTAC GG




241
242
243
244
245
246
263
264
266
267
268
270
271
291
292
293
294
407
408

224

225
226
231
232
234
230
233

FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
FA
s/o FA
s/o FA
s/o FA
FA
FA

FA

FA
FA
FA
FA
FA
FA
FA

Fanconi Gene Mutations by Exome Analysis

FANCA com hetero
FANCP hetero
FANCG com hetero
FANCG hetero
FANCA homo
FANCG homo
FANCA com hetero
FANCG homo
FANCI hetero
FANCA com hetero
FANCA com hetero
FANCG com hetero
No candidate
FANCG homo

No candidate
BRCAZ2 hetero

No candidate
FANCA com hetero
FANCM hetero
FANCA homo

FANCA com hetero

FANCB homo
FANCA homo
FANCA com hetero
FANCA hetero

No candidate

No candidate

No candidate

¢.G2870A:p.W957X
c.G2629A:p.A877T
c.C1066T:p.Q356X
¢.1386delC:p.A462fs
¢.C1303T:p.R435C
c.C1066T:p.Q356X
c.A2170C:p.T724P
¢.307+1G>C
c.3346_3347insT:p.L111fs
€.2602-2A>T
€.2602-2A>T

¢.907_908del:p.303_303del

c.307+1G>C

€.5967_5968del:p.1989_1990del

€.3919_3920insT:p.Q1307fs
c.G601A:p.G201R
c.2546delC:p.S849fs

c.2546delC:p.S849fs

c.G516A:p.W172X
c.2546delC:p.S849fs
c.4015_4017del:p.1339_1339del
€.978_979del:p.326_327del

€.T2725C:p.S909P

¢.307+1G>C

¢.C1303T:p.R435C
c.C1066T:p.Q356X
¢.G505T:p.E169X
¢.307+1G>C

¢.C4198T:p.R1400C
¢.C4198T:p.R1400C
¢.307+1G>C

¢.307+1G>C

€.2546delC:p.S849fs

Exon 1-28 deletion

Exon 1-5 deletion (copy number
analysis)

c.2546delC:p.S849fs
¢.3638_3639del:p.1213_1213del

s/o P
G
slo G

s/o D1

s/oM

s/o A

not yet validated

RepliG sample, low coverage

Novel?, normal MLPA, no D2-Ub

DKC?
reversion?
normal MLPA

MLPA positive

single allele on X chrom

Brother of 233, normal D2-Ub
low quality of DNA
Brother of 234, normal D2-Ub



¢ Question ?

Clinical whole-exome sequencing is
feasible for molecular diagnosis of

congenital bone marrow failure
syndromes?

250 clinical samples

>>> WHOLE EXOME SEQ




250 patients lacking genetic diagnoses were examined.

Clinical diagnosis No. of patients
Fanconi anemia (FA) 73
Diamond-Blackfan anemia (DBA) 61
Congenital hemolytic anemia (HA) 44
Dyskeratosis congenita (DC) 29
Congenital dyserythropoietic anemia (CDA) 12

Congenital sideroblastic anemia (CSA)

Congenital amegakaryocytic thrombocytopenia (CAMT)
Hereditary hemophagocytic lymphohistiocytosis (HLH)
Pediatric myelodysplastic syndromes (MDS)

Severe congenital neutropenia (SCN)

Unclassifiable CBMFSs

N W & O N ©

Total 250



No. of

No. of patients

Clinical Dx and genetic Dx

- patients with genetic
Clinical Dx tested Dx Matched Unmatched

Fanconi anemia (FA) 73 35 35 0
Diamond-Blackfan anemia (DBA) 61 11 11 0
Congenital hemolytic anemia (HA) 44 1
Dyskeratosis congenita (DC) 29 0
Congenital dyserythropoietic

anemia (CDA) 12 3 1 2
Congenital sideroblastic anemia

(CSA) 9 0 0 0
Congenital amegakaryocytic v 1 0 1

thrombocytopenia (CAMT)
Hereditary hemophagocytic 6 3 2 1

lymphohistiocytosis (HLH)
Pediatric myelodysplastic 4 1 1 0

syndromes (MDS)
Severe congenital neutropenia

(SCN) 3 0 0 0
Unclassifiable CBMFSs 2 0 0

Total 250 68 (27.2%) 63



GATA2 TET2
IKZF1 TP53 o
AK2 EZH2  Sue L\

ADA  DNMT3
PTPN1 1 A User: hideki-muramatsu@med.nagoya-u.ac.jp File Type: SureSelect DNA Design Report

Workgroup: HidekiMuramatsu_nagoya_suredesign Created By: SureSelect DNA Standard Design Wizard

NRAS IDH1 Folder HidekiMuramatsu nagoya suredesign Date: 10-Feb-2013 . -
KRAS IDH2 Deson *Target deep sequencing with

CBL KIT =" bait for ~200 genes

lu

NF1  NPM1 f-'ﬁm “ «Agilent SureDesign

SETBP1 SF3B1 69 Target IDs
JAK3 SRSF2 . - «US$200/ sample

ASXL1 ZRSR2 1;:3"3‘“ ‘We can sequence >180 genes
FLT3 UZ2AF1  coee

RUNX1 DKC1 E’”’”g‘”?:;, associated with bone marrow

BOM e e-- failure disease in many patients.

https://earray.chem.agilent.com/suredesign/



total ~180 genes

[Aplastic anemia]
PRF1
TERF1

[Fanconi anemia]

[Dyskeratosis congenita]

TERF2

[Congenital amegakaryocyti
thrombocytopenia]

MPL

[Congenital dyserythropoiet

CDANT1
KLF1

SEC23B

[Chromosome fragile syndrol
ATM

BLM

DCLRE1C

LIG4

NBN

RAD50

[Diamond-Blackfan anemia]

GATA1
RPL11

RPL26
RPL31
RPL35A
RPL5
RPS10

RPS14
RPS17

RPS19
RPS24
RPS26

RPS29

RPS7

[Dyskeratosis congenital
C160rf57

CTCH

BRCA2
BRIP1
FANCA
FANCB
FANCC
FANCD2
FANCE
FANCF
FANCG
FANCI
FANCL
FANCM
PALB2
RAD51C

SLX4

Cl6orf57
CTC1
DKC1
NHP2
NOP10
RTEL1
TERC

malignal

TERT
TINF2

WRAP53
POT1
TERF2IP

nosis type 2]

GP1BA
GP9
ITGA2B
ITGB3

MYH9
TUBB1

VWF

[Paroxysmal nocturnal h
PIGA

[Congenital sideroblastic anemial

ABCB7
ALAS2
GLRX5
HFE

PUS1
SLC19A2
SLC25A38

YARS2

[Congenital neutropenia]
CSF3R

ELANE
G6PC3
GFI1
HAX1
VPS45

[Shwachman-Bodian—Diamond syndrome]

SBDS

[Wiskott—Aldrich syndromel
WAS
[WHIM syndromel]

CXCR4

[X-linked lymphoproliferative disos

SH2D1A
XIAP

Iria]

rder]



Results of target sequencing

Clinical Diagnosis Tested Pts dl:i,ao;r:t:;?s Genes (patients)
Anemia 21 10 (48%)  ALAS2(1), SLC25A38 (1), PIEZOT (2), KLF1 (1)
DBA 20 11 (42%) RPL5 (2), RPS17 (3), RPS19 (2)
DC 12 5 (42%) TINF2 (2), DKC1 (2), SBDS (1)
FA 22 19 (82%)  FANCA (1), FANCF (1), FANCG (3)
ETV6+RUNX1 (1), GATA2+SH2B3+NF1+RUNX1 (1),
MDS 16 10 (63%)  nr1+sErBPr-ASXLY (1), RUNXT (1), FANCA
+SETBP1 (1),
Neutropenia 4 1(25%)  HBB(1)
Other BMFs 11 3 (27%)
SDS 6 4 (67%)  sBps@)
SCN V4 2 (29%) ELANE (1), HAX1 (1)
Thrombocytopenia 12 4 (33%) VWF (1), RUNXT (3)
Total 137 68 (50%)
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To avoid human error, we confirm at least
one personal SNV by Sanger sequencing.
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Somatic Mutations and Clonal
Hematopoiesis in Aplastic Anemia

T. Yoshizato, B. Dumitriu, K. Hosokawa, H. Makishima, K. Yoshida, D. Townsley,
A. Sato-Otsubo, Y. Sato, D. Liu, H. Suzuki, C.O. Wu, Y. Shiraishi, M.J. Clemente,
K. Kataoka, Y. Shiozawa, Y. Okuno, K. Chiba, H. Tanaka, Y. Nagata, T. Katagiri,
A. Kon, M. Sanada, P. Scheinberg, S. Miyano, J.P. Maciejewski, S. Nakao,
N.S. Young, and S. Ogawa

N Engl J Med.2015;373:35-47



Whole Exome and Target Sequencing

#Target sequencing (n = 165) was performed for 88
IBMFS-associated genes and 96 myeloid
malignancy-related genes.

#\Whole-exome sequencing (WES, n = 27) was
performed with matched bone marrow/control
samples.

#The mean depth for targeted sequencing was
451x, and the mean depth for WES was 103x.

#SureSelect XT Custom (Agilent), HiSeq 2500
(Hlumina)



Patients characteristics

All patients (N=165)
Age, years, median (range) 8 (0-17)

Gender, n (%)
Male 92 (56)
Female 73 (44)

Etiology, n (%)

Idiopathic 149 (90)
Hepatitis-associated 14 (9)
Others 2 (1)

Severity, n (%)

Moderate 45 (27)
Severe 71 (43)
Very severe 49 (30)

Diagnosis, n (%)

AA 38 (23)
RCC 44 (27)
RCMD 24 (15)

Unclassified 59 (35)




Somatic mutations

29 somatic mutations were detected in 25 patients (15.2%).

0.0% 1.0% 20% 3.0% 4.0% 50% 60% 7.0% 8.0%

BCOR _ 11 cases

PIGA I 9 cases

TP53 __ 2 cases
U2AF1 S 2 cases

B2M 2 cases
ASXL1 S 1 case
CSF3R [N 1 case

SETBP1 1 case



Comparison of Adult AA and Childhood AA

Adult AA Childhood AA value
(NIH study) (Current study) P
Frequency of Mutations 156/439 (36%) 25/165 (15%) P <0.001
Multiple mutations 56/156 (36%) 4/25 (16%) P <0.001
Adult AA Childhood AA
| | | | | | | | |
M BCOR or BCORL [ il
PIGA
DNMT3A
ASXL1 F
10 8 6 4 2 0 0 2 4 6 8 10

Frequency of Mutation (%)



TREATMENT ALGORISM
FOR CHILDREN WITH AA

BMT from MRD

1 BMT from MUD
Newly MRD (+) 1
diagnosed MUD(+)
AA MRD (-)
S MuD()
IST N st
‘ or
HAPLO /
CR/PR CBT

FIRST LINE THERAPY SECOND LINE THERAPY




How can we predict the response to IST?



Minor population of CD557CD39™ blood cells predicts response to
immunosuppressive therapy and prognosis in patients with aplastic anemia

Chiharu Sugimori, Tatsuya Chuhjo, Xingmin Feng, Hirohito Yamazaki, Akiyoshi Takami, Masanao Teramura,
Hideaki Mizoguchi, Mitsuhiro Omine, and Shinji Nakao

We Investigated the clinical significance
of a minor population of paroxysmal noc-
turnal hemogloblinurla (PNH)-type blood
cells In patlents with acqulred aplastic
anemla (AA). We quantifled CD55-CD59-
granulocytes and red blood cells (RBCs)
In peripheral blood from 122 patlents with
recently dlagnosed AA and correlated
numbers of PNH-type cells and responses
to Immunosuppressive therapy (IST). Flow
cytometry detected 0.005% to 23.1% of
GPI-AP~ cells In 68% of patlents with AA.
Sixty-elght of 83 (91%) patlents with an

Increased proportion of PNH-type cells
(PNH*) responded to antithymocyte
globulln (ATG) + cyclosporin (CsA)
therapy, whereas 18 of 39 (48%) without
such an Increase (PNH-) responded. Fall-
ure-free survival rates were significantly
higher (64%) among patlents with PNH*
than patlents with PNH- (12%) at 5 years,
although overall survlval rates were com-
parable between the groups. Numbers of
PNH-type and normal-type cells Increased
In parallel among most patlents with PNH*
who responded to IST, suggesting that

these cells are equally senslitive to Im-
mune attack. These results Indicate that a
minor population of PNH-type cells repre-
sents a rellable marker of a positive IST
response and a favorable prognosis
among patlents with AA. Furthermore,
Immune attack agalnst hematopoletic
stem cells that allows PNH clonal expan-
slon might occur only at the onset of AA.
(Blood. 2006;107:1308-1314)

© 2006 by The American Society of Hematology

Peripheral blood lymphocyte telomere length as a predictor of
response to immunosuppressive therapy in childhood aplastic anemia

Hirotoshi Sakaguchi,*** Nobuhiro Nishio,** Asahito Hama,* Nozomu Kawashima,* Xinan Wang,* Atsushi Narita,*
Sayoko Doisaki,* Yinyan Xu,* Hideki Muramatsu,* Nao Yoshida,? Yoshiyuki Takahashi,* Kazuko Kudo,*

Hiroshi Moritake,* Kazuhiro Nakamura,® Ryoji Kobayashi,® Etsuro Ito,” Hiromasa Yabe,® Shouichi Ohga,® Akira Ohara,*
and Seiji Kojima;* on behalf of the Japan Childhood Aplastic Anemia Study Group

Haematologica, 2014




Response rates of IST after 3 and 6 months

p <0.001
100%
p <0.001

80%
S
% 60% . 3 months
Q
73
é 40% . 6 months

vl ] d

0% -
PNH- and shorter TL Others
(n=37) (n=176)

Haematologica 2015:Aug.27



Failure-free survival

Prognosis after IST

— PNH™ and shorter TL (n=42)
—— Others (n=77)
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Allogeneic SCT from HLA-mismatched related/unrelated donors in children
with AA

» 651 children (0-19 y) with AA
» Received BMT between 1986-2009
> Registered to The Japan Society for Hematopoietic Cell Transplantation

= 5/6 Matched-RD (n = 55)
— 6/6 Matched-RD (n = 399)

1.0
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6/6 Matched-UD (n = 99)
= 06
=
=
T 04
3
O
02
00
[ [ [ [
0 2000 4000 6000 8000
Days

Muramatsu H, et al. JSH. 2014.



Standard conditioning regimens for
children with acquired BMF

AA/RCC

CY (200 mg/kg) + ATG + low dose TBI

FLU + CY (100 mg/kg) + ATG + low dose TBI

— |s everything all right?



Clinical course

11yF, RCC, Donor: matched unrelated,

Conditioning regimen: FLU+CY+Campath+TBI(3Gy),

GVHD prophylaxis: FK506, Cell dose: 1.5x108/kg, aGVHD: grade 1,
CMV antigenemia (+), EBV-LPD (+), Onset of aplasia after BMT: day110

y CMV
Neu t
1800 18 ]
1600 RBC, Platelet transfusion, G-CSF
16
1400 Chimerism: Chimerism:
1200 14 $9% donortype 99% donor type
1000
12
800
600 10 Neu
400
8
200 Plt
6 ——
4 — —_—
2 — —) — — — I B
o Days

-30
30
90

after BMT

150
210
270
330
390
450
510
570
630
690
750
810
870
930
990
1050
1110
1170
1230
1290



Day 1360

WBC1200, Neutro O



“Donor-type aplasia”

Especially in the recent years, we have experienced
a certain number of patients who presented with
bone marrow aplasia with full donor chimerism

after SCT.

One of the main causes of treatment failure
after SCT in children with acquired BMF

Risk factors for “Donor-type aplasia”



Outcomes of SCT with FLU/MEL conditioning
- A report from the JSHCT pediatric AA/MDS WG -

The clinical data of 603 patients with acquired BMF (AA, RCC) younger
than 16 years who received the first SCT from 2000 to 2013 and were
registered in the JSHCT Registry was reviewed.

FLU/CY-based T ' FLU/MEL-based
regimen e regimen

Outcomes of SCT with FLU/MEL



FLU/MEL vs. FLU/CY -Survival after BMT-

v 0S

| ~—=—

1 FLU/MEL (n=36): 100 (100-100)%
| FLU/CY (n=270): 93 (92-95)%

P=NS

0 2

4 6 ..
Years from transplantation

8

.8

v EFS
FLU/MEL (n=36): 100 (100-100)%
FLU/CY (n=270): 86 (84-88)%
* Engraftment: 265/270 (98%)
* Secondary GF: 9
* Donor-type aplasia: 12
P=0.07
0 K

2 4 6 .
Years from transplantation

... The FLU/MEL-based regimen provided excellent outcomes
especially in the setting of BMT.

Outcomes of SCT with FLU/MEL



v High risk of donor-type aplasia
= Bone marrow just before transplantation

is not “aplastic”
e MR-BMT

FLU (125 mg/m?2) + MEL (140 mg/m?) + ATG (5mg/kg)

* UR-BMT

FLU (125 mg/m?2) + MEL (140 mg/m?) + ATG (5mg/kg)
+ TBI 3Gy

Proposal of prospective study



Upfront Alternative transplantation can be indicated
for childhood Aplastic Anemia?



@ Bone Marrow Transplantation (2010) 45, 1508-1513
© 2010 Macmillan Publishers Limited All rights reserved 0268-3369/10

www.nature.com/bmt

ORIGINAL ARTICLE

Comparison of matched-sibling donor BMT and unrelated donor BMT
in children and adolescent with acquired severe aplastic anemia

H Yagasaki', Y Takahashi', A Hama', K Kudo', N Nishio', H Muramatsu', M Tanaka', N Yoshida',
2 bl . .

K Matsumoto?, N Watanabe®, K Kato?, K Horibe® and S Kojima'

' Department of Pediatrics, Nagoya University Graduate School of Medicine, Nagoya, Japan; *Division of Hematology and Oncology,

Children’s Medical Center, Red Cross Nagoya First Hospital, Nagoya, Japan and *Clinical Research Center, National Hospital
Organization Nagoya Medical Center, Nagoya, Japan

MSD-8MT group (n=30) Table 2 Outcome of transplantation
! | — MSD-BMT  URD-BMT P
T; oo URD-BMT group (n=3 1) group group
s 0
. Acute GVHD
T 06 Evaluable patient 30 30
o 1-1v 0 11 (37%) P<0.001
o nr-1v 0 6 (20%) P=0.012
° 04
g: Chronic GVHD
= Evaluable patient 30 30
£ 02 Limited/extensive 1/0 (3%) 62 (27%) P=0.013
a
CMV
0 . : ’ - Evaluable patient 30 30
0 50 o ey 200 . Reactivation 5(17%)  23(77%)  P<0.001
Months after BMT
Kaplan-Meier estimates of OS after MSD-BMT and URD- EB!' ) ) )
BMT, respectively (100% vs 93.8%) (P =0.252). h\ulu?lhle‘ patient ND 20
Reactivation ND 11 (55%)
Development to LPD 0 2 (10%)
Rituximab therapy 0 5




12 years old Female

nnnﬂnnnnﬂnnnnﬂnnnn

WBC 200/ul, Neutr 0/ul, Hb 9.3g/dl, Ret 0%o, P1t 2000/pl, CRP 26mg/dl

Blood, Throat, Stool culture : Pseudomonas aeruginosa (+)

_ o http://mde.nagoya-u.ac.jp/hospital/dbps date/ material /
http://s-igaku.umin.jp/DATA/61_05/61_05_04.pdf nu_hospoital/_res/oshirase/20151221shiryou01.pdf




Clinical Course

TBI

CcMV EBV
L J
”tt + +
FK506
PSL \
MTX M M M M
VCM GCV
PZFX Rituximab
MEPM
CZOP
AMPH feven fever

PEIY W W W WV VVVVVVVVVVY WV

WBC G GG GG GG GG GG GG G G G
(X102) Y Y
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0 _ ] | | | | i} ;day
0 10 20 30 40



HLAR—HBBIET. JYRESLBIEEEREZHELT
A ILAERMCTLEMSCEZ B HERTIZZEfF

http://free-illustrations.gatag.net/tag//&

|

Mesencnymal stem cell

BEHYAIREZRY Y =P
DA ILARRERKICTL BB AG S B

e 1D
ATOA/FEREGVHD
A LA

http://motoki-y.sakura.ne.jp/
illust/skeleton.shtml

http://www.civillink.net/
esozailiryokaze.html

http://www.dex.ne.jp.~ mantan.“illust.”pserch.”ImageList.cgi ? Channel=10&ctg=
&ksort=st2&upe=&thumbsize=150&word=&n list=80&paage=459



FliE &M EHERICEWNTEUAEBVEEY Y /NERIETEREIC XT3
EBVINR$FEICTLZAWV =8 EDZ 2 %ICEE I SR K SHI4E L BR

RlIfE & MR HEERICBOTEL S B ECMVEREEICN T ACMVIR
BEMNCTLZAWZAEDZ 2 EICE I SRR FEIHE R

Cell processing center in Nagoya Univ. hospital

ay 21 ay Day 36
74.3 49.45% |1 96.29%
g A H
i -8
< RS - — R— S S I &~ U ——
HLA-A*2402 CMV pp65(QYDPVAALF)-tetramer-
[ means antigen stimulation o0 Lysis

ys Y ity

X 106 cells Growth curve 130 : Cytotoxity
10000 -7 . ——QYD|
1000 0 = TYG

100 ¢ 70 \
ni 6.4X10° & \\
1 J CMV-CTL
1 / —
--@ - tof AN
00 —e—tetramert cells N\
000 N AN
0 2 100M 1aM 100p! o™
T T a; T Peptide concentratio
. ffect IV-CTL (Day36)
T m nfigen stmulatiof Target: /T=5
QYD; HL. 2 restricted C: I\ eptide(QY D! F)
YG; HL. 2 restricted E epnde('l' )



FEEE Mt i tEEDEBVEED > ) \BKIBJEE (C X9 3 B =ERFNEIFENCTLE
BEORZECET DERAKRS I HiR ‘AEEXFEFIMERPE MNRH - mikrR

EBV-CTLEE* EBV-CTLOHI &% 5
EBV-CTL g TR
* EBV(ZT RS A2 )\—=4)LR)
FUESSFENMRREESEETHR(CTL) & .
= /
EBVHILIR 1) 2 SEREVEE
000
BRI 2S5k
- ¥ — \ o
EBV-CTLIZ, R
READHLAEICEIRL 0° o QPR
TWAEBVIRIR & 25k, 0% @) QQ
Bl L EET S 3§ 20 2
PEPIFE: D1 ILABREBE

BRPREBR (E=&HBREBV-CTLEE)
[GREREIBY) 724E R — LIS D = & RAEIMm200mIH SEBVIA |
EUSRNCTLARE - EIEH )L A EBIEH M OSIEZEBY
BREBEECHT. TOERUCEWEETUET 3.

[EBV-CTL#iE]

EBV-CTL#iR&#155mER

afk—bk1 3 SEI 2x10° cells/kg

1OlEFE1187%. EBV-DNANEEL FDZE(TEET I D O/R—bk 2 3 fE 6x10° cells/kg
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In 2009, Prochymal failed in two late-stage clinical trials,
showing little to no advantage over placebo in treating
graft-versus-host disease. The company is also trying to
develop Prochymal as a treatment for Crohn’s disease,
diabetes, heart attacks and other illnesses, but has had

some failures there as well.
The New York Times MAY 17, 2012



Failure of mesenchymal stem cells in GVHD - is
devil in the cell prep?

As we all know, Phase III clinical trial, sponsered by Osiris
Therapeutics and assesed efficacy of mesenchymal stem cells
(MSC) (product “Prochymal”) for treatment of Graft-Versus-Host-
Disease (GVHD) failed more than 3 years ago. The possible reasons
of failure were not analyzed and discussed publicly by community.
Contrary to Osiris trial, similar “academic trials” in Europe were
quite successful in Phase II. Recently, for the first time, Jacques
Galipeau presents Prochymal failure analysis, based on discrepancy
between MSC-based product characterization and preparation for
US industry-sponsored trial versus European academic trials.

by Alexey Bersenev, Jan 26,2013
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Haploidentical transplantation for severe aplastic anemia

Patient  First/Second Neutrophils Donor/ HLA Engraftment  Acute Chronic Months
No. ) Outcome
age/sex transplant before age mismatch (days) GVHD GVHD after
transplant (/ul) transplant

1 10/F first 0 m°g;er/ B, DR 29 - - alive >136
2 5/F first 0 fatggr/ A, B 15 i - alive > 109
3 12/F first 0 br°;d5‘er/ B, DR 21 - - alive > 84
4  15/F second 0 fat:;r/ A, DR 21 M  extensive  alive > 41
5 14/M second 0 fat:g 4 A, B, DR 21 - extensive alive > 32
6  10/F first 400 fatgzer/ B, DR 18 - - alive > 30
7 3/F first 300 m°g(‘)er/ A, B, DR 17 - - alive > 21

Nagoya University Hospital



Shanghai Beijing Tianjin Samsung  Asan Taipei Nagoya
Number of
= - 80 60 — 10 6 10
year
Number of
115 100 — 100 55 23 45

HSCT/year




Haploidentical HSCT for Childhood SAA

Probability of survival
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Nagoya, Shanghai, Asan(Seoul)



Probability of survival

Unrelated Cord Blood Transplantation for Childhood SAA
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OS after 2006 (n=18) 94.1+5.74%

OS before 2006 (n=11) 36.4+14.5%

0 1000 2000 3000 4000 5000 6000

Days following cord blood transplantation

The JSHCT Pediatric AA/MDS WG
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BMT from MRD/1MMRD

T

Newly MRD/1MMRD(+)

diagnosed

SAA MRD/lMMRD(') ‘ PNH™ and ﬂBMTfrom MUD

shorter
TL

. 4

EMERGENT \

CASE Others Emmmm) |sT

HAPLO || UCBT




1. | T-Cell acute lymphoblastic leukemia with a t(8;14) possibly involving a

c-myc locus and T-Cell-Receptor a-chain genes

Hayashi Y, Yamamoto K, Kojima S.

N Engl J Med 1986; 314:650-651 March 6, 1986

350. | Application of extensively targeted next-generation sequencing for the

diagnoosis of primary immunodeficiencies
Kojima D, Wang X, Muramatsu H, Okuno Y, Nishio N, Hama A, Tsuge |,
Takahashi Y, Kojima S

J Allergy Clin Immunol (in press)
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