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protein phosphatase 2A activity, and higher proliferation
rates than those expressing the wild-lype protein (Plazza
et al, 20123, Although our cohort is teo small o arrive
al conclusions regarding the prognosis of patients with
SETBPI mutations, mutated SETBP] indeed plays an
essential role in the pathogenic mechanism in haematological
malignancies,

in summsry, SETBPI mutations were found in 4-8% of
patients with JMML in this study, similar to the frequency
reported previously for patients with chronic myelomenocy-
tic leukacmia {379 (3/82) and 629 (12/195)} [Plazza of al,
2012; Damm et af, 2013} and IMML [7-6% (7/92}] {Sakagu-
chi et al, 2013). Qur analysis of 414 patienis with IMML or
other hnematological malignancies suggests that mutations of
SETBPI may have some role in the pathogenesis of IMML
and MDS buf not in AML or infant ALL, although further
evaluations are required.
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Juvenile  myclomonocytic  feukaemia

First published online 4 March 2014
dot 100111 Vbih, 12798

(IMML) is a
haematopoietic stem cell disease in infants with features
characteristic of both myeloproliferative and myelodysplastic
disorders {(Aricod et al, 1997; Niemeyer et al, 1997; Emanuel,
1999; Koike & Matsuda, 2008). Its clinical course is diverse.
Sometimes the discase can even spontancously resolve with-
out any treatment {(Matsuda er al, 2007} However, most
patients have a rapidly progressive disease and easly death
because of the organ enlargement or bone marrow failwre.

Summary

Juvenile myelomonocytic leukaemia (JMML) is a rare haematopoietic stem
cell discase of carly childhood, which can progress to blast crisis in some
children. A total of 153 children diagnosed with JMML were reported to
the Myelodysplastic Syndreme Comumittee in Japan between 1989 and
2007; 15 of them (9:8%) had 20% or more blasts in the bone marrow
{blast crisis) during the disease course. Blast crisis occurred during observa-
tion without therapy (s =3) or with oral 6-mercaptopurine treatment
(n =9} and in relapse after haematopoietic stem cell transplantation
(FISCT; n = 3). Six patients had a complex karyotype (5 including mono-
somy 7) and an additional three patients bad isolated monosomy 7 at blast
crisis. Seven patients received HSCT after blast crisis and four of them
achieved remission. Eleven out of the 15 patients died; the cause of death
was disease progression in 10 patients and transplant-related complication
in one patient. In summary, patients with blast crisis have poor prognosis
and can be cured only by HSCT. The emergence of monosomy 7 and com-
plex karyotype may be characteristic of blast crisis in a substantial subset of
children.

Keywords: juvenile myelomonocytic leukaemia, blast crisis, monosomy 7,
haematopoietic stem cell transplantation.

rare Many patients are resistant to essentially all chemotherapy
regimens and it s thought that haematopoietic stem cell
transplantation {HSCT) is the only curative treatment for
children with IMML {Locatelli ef al, 2005; Yabe er ol, 2008).

According to a previous report {Aricd et af, 1997),
approximately one-third of the patients present with a rap-
idly progressive disease and another third of the patients
show a more indolent disease course. The latter patients are
usaally stable, even if they have persistent splenomegaly,

@ 2014 John Wiley & Sons Ltd
British Journal of Haematology, 2014, 165, 682-587

- 215 -



moderate leucocytosis or monocytosis. However, they may
occasionally suddenly experience blast crisis. The remaining
patients have an intermediate prognosis.

Luna-Fineman et al (1999} reported: that 8 {139%) of 60 of
patients with JMML developed acute lenkaemia. Thus, it is
known that IMML can progress to blast crisis in a subset of
children, However there are only a few reports accounting
for this transformation and the molecular mechanism of
acute transformation is unknown.

In order to clarify the characteristics of blast crisis of
IMML, we retrospectively analysed in detail those JMML
patients who had progressed to blast crisis.

Patients and methods

Between 1989 and 2007, 153 JMML children had been reported
to the myelodysplastic syndrome (M8} cornmitice of the Jap-
anese Socicty of Pacdiatric Haematology/Oncology (JSPHOL
The diagnosis was made according to the criteria of the Inter-
natiorial JIMML Working Group {Niemeyer-et al, 1998; Chan
et al, 2009). Patients registered before 1999 were diagnosed
with IMML at individual institutions. Since 1998, bone
marrow (BM) and peripheral blood (PB) smears were reviewed
by two reference investigators of the MDS Committee at diag-
nosts and patients were prospectively registered to the MDS
Committee (Sasaki et g/, 2001). Based on clinical information

Table 1. Characteristics of the patients at diagnosis.

Blastic Crisis of IMML

reported to the MDS Comumittee, 15 JMML patients with blast
crisis were identified. Blast crisis was defined as having 20% or
more blasts in the BM during the course of illness. Question-
naires inquiring about the detailed clinical and Iaboratory
findings, treatment and clinical outcome were sent to the
physicians who treated these patients. These retrospectively
collected data were amalysed in this study. The study was
approved by the MDS Committee of the JSPHO. Informed
consent was obtained from the guardians of patients after
1999; however, this was not possible for cases registered before
1999 becanse an appropriate guideline was not provided for
retrospective observational studies in that period.

Complete remission {CR) of IMML after therapy was
defined if all of the following eriteria were fulfilled: (i) no
evidence of circulating blasts in PB, BM with less than 3%
blasts and trilineage haematological recovery and {ii} absence
of chromosome abnormalities; and Hi} disappearance of
clinical symptoms of IMML, such as organomegaly.

Results

Fificen (9:8%) patients of the 153 IMML cases had pro-
gressed to blast crisis. The characteristics of these patients at
diagnosis are shown in Table 1,

There was a male predominance with a male: female rate
of 2:8; 1. There was no congenital anomaly, such as NMoonan

Year  Sexfage  WBC PB mone PR Hb  Pht HbF  BM blasts Initial CR Ifore
Patient  of Dx  {years) (1070 (x10™D  Dlasts (% /) (<10%D (% (%) Karvotype  treatment BC
i 1991 M/0-3 380 19 10 104 85 154 0-2 46, XY 6MP No
2 1992 M/14 1159 9ir4 g 106 6% 130 62 46, XY Nene No
3 992 M6 452 22 15 97 17 318 37 46, XY 6MP + No
AML type
4 1993 M/0-2 89:6 17-0 30 a3 43 MF 36 46, XY 6MP No
3 94 M3 29:0 42 & 17 7 538 58 46, XY GMP No
[ 1994 M/3W 84 HE &0 120 43 642 16-8 46, XY 6MP No
7 1995 Bi15 2541 53 70 10 i3 246 ND 46: XX GMP -+ PSL No
Etoposide
§ 1947 M7 283 53 70 69 24 359 0 46, XY None No
kY 1987 Fi2 i 156 I jRt 113 [ 470 0 46, XX Nene No
10 1999 M/37 720 335 & 97 94 141 14-9 46, XY, GMP No
-2y Fmar
1 1999 M7 YBs 283 20 7 i6 -5 34 46, XY GMP Mo
12 000 MY 178 14 {1 7 20 5356 ND 46, XY, HSCT Yes
RIS
(925213
13 2081 M7 385 149 5 260 102 a0 0 45, XY, ~7  6MP No
14 2002 Find 3762 26-3 [ NIy OND 195 0 46, XX SMP -+ HSCT  Yes
15 2003 Fi3:2 276 30 G 104 32 418 183 46, XX 6MP + AML Yes

type + HSCT

Dx. diagnosis; WBC. white blood cell county PB, peripheral blood: Hb, haemoglobulin concentrations Pl plateler count: NI, data not available;
BM, bone marrows SMP, Gomercaptopuring PSL, predaisolone; AML, acute mycloid fenkaemia FISCT, hatmarepoictic stens cell transplantation;

CR, complete resission BC, blast orisis.

“This patient did not have monocyte count exceeding 1% 1071 at diaguosis, however, he had splenomegaly and bonie nyarrow mononuclear cells

showed hypersensitivity 1o GM-CS,

@ 2014 John Wiley & Sons Ltd
British Journal of Haematology, 2014, 185, 682-687
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syndrome or neurofibromartosis type 1. We only had gene
mutation  analysis data for two patients, because most
patients were diagnosed in the 1990s. Patient 1 had NRAS
mutation and Patient 7 had PTPNII.

At initial diagnesis, chromosomal analyses were available
in all the 15 children and showed 2 normal karyotype in 12
children, monosomy 7 in one ehild and other aberrations in
two children.

Three patients had blast crisis during observation without
treatment, nine patients were treated with 6-mercaptopurine
{6MP) before blast erisis and three patients had blast crisis
following relapse after HSCT. The pre-blast crisis status of 12
patients was non-CR, whereas all three patients who received
HSCT had achieved CR.

Table It shows the characteristics of the patients at blast
crisis. The median time interval between diagnosis and blast
crisis was 15 months (range, 1-48 months). The median time
interval between the dme of initial treatment and blast crisis
was- 5 months (range, 1-44 months) in the 6MP treatment
group, whereas the time interval between HSCT and blast cri-
sis was 8, 19 and 23 montbhs, respectively.

Table H. Characteristics at biast crisis, treatment and onicome.

A karyotypic abnormality was detected in 10 out of the 15
children at the time of blast crisis, The majority of patients
had a complex karyotype andfor monosomy 7. When the
French-American-British {FAB) classification was applied to
classify the leukaemic cells at blast crisis, 2 were M2, 1 was
M4, 3 were M6 and 2 were unclassified.

The treatment and outcomie of these patients after blast
crisis are summarized in Table Il Only two of 12 patients.
given therapy other than HSCY (acute myeloid leukaemia

n = 1, donor leucocyte infusion; # = 1} achieved CR. Seven
patients received HSCT after the blast crisis and four of them
had long-term survival, Ultimately, 11 out of 15 patients died
after blast crisis, the main cause of death was the progression
of their disease (1 = 10). One patient died due to transplant-
related complication sfter HSCT. At the time this report was
wrilten, four patients were alive in CR at a median of 9 years
after blast crisis,

Finally, we compared the characteristics of the patients
who developed blast crisis (n = 15} and those who did not
{n = 138; Table 111). Among several risk factors, the median

Treazment after blast crisie -

BM  Interval Qutcome
blast  afier Dy Interval after induction Response:  Donor {months after  Cause of

Pr (%Y {months) initial Tx fmonths) Karyotype Tx to Tx source blast crisis) death

1 75 35 17 months after 6MP 440 XX, derl8) (61157 AML type No UBMT Dead {11} TRM
(g%l ~7, ~15

222 14 - 45, XY, -7 Etoposide, Nu Nong Déad (1) Progression

mPSsL.,
Ara~C :
3 3 15 15 monthg after 5, XY, 19,421 +X, AMLope~+  No © None Dead (5) Progression
chemotherapy Y irradiation

4 8% 44 41 months after 6MP 45, XY, del(6) (g21),  AML type Yes None Déad (8) Relapse
~7, del{p12)

3 3L 28 26 months after 8MP° 48, XY, -7 AML type No None Dead (173 Progression

& w3 2 mionths after 6MP 46, XY, 3g-, 17p= AML type No None Dead (15) Progression

7 75 18 3 months after 6MP 45, XX, 44015 12k AML type No Nowue Dead (13} Progression
g2t -7

8 75 2 - 46, XY AML wpe No CBT Alive {1113

SR - 46, XX AML gpe  Yes Related Alive {>182)

PBSCT

w37 5 5 months after 6MP 46, XY, ~2, ~7, +der - - CBT Dead {5} Progression
(9 H{29) (13
q22),+18

it 40 1 1 months after 6MP 46, XY AML type NI UBMT Altve (»831

12 44 B § months after HSCT  ~7 and complex AML type No None Dead (31) Progression
karyotype®

1326 2 1 months after 6MP 45, XY, ~7 - - CBT Dead {4) Progression

14 30 48 19 months after HSCT 48, XX 310} No None Dead {4} Progression

15 20 29 23 months after HSCT 46, XX - - Related BMT  Alive (74}

BM, bone marrows Dx dingnosiss Tx, therapy: 6MP. S-mercaptopntine; AML, aente tiyeloid levkaemin DLL donoy lymphocyie infusion; mPSL,
methylprednisoloneg: Ara-C, eytarabine ND, no dats; UBMT, unrelated bone marrow transplant; HSCT, haematopoletic stern cell transplantation;
CBT, cord blood transplant; PBSECT, peripberal blood stemcell transplant: BMT, bone marrow transplant; TRM, transplant-related mortalisy.
*Complex karyotype: 44 X, —¥, t{153) (p10ipi0). del{6} (8213, —7 and 45, Y, del{X) (q22}, add(3) (p25}. ~6, del{6) (p21), ~7, +mar.

684
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Blastic Crisis of IMML

Table 1. Summary of the chiracteristics of the patients who progressed to blast Crisis,

With blast crisis

No blast erisis

Number {%)

Median age at initiad Dx, vears

Median WBC at initial DX, = 1071

Median Pl at initial Dxo x 0%

Median HbF at initial Dx, %

Monosomy 7 at I2x

Monosomy? and/or complex karyotype at blast crisis

13 (98)

6 Urange: B3-761

38 (ranger 39-3762)

43 (mange: 1-3-10:2}

319 (range: 1-1-69-5;

1 out of 15 patienis

4 out of 13 potients {8 including monosemy 7}
Abive 4 our of 15 patients {median 9 vears)

138 (90:2)

11 {range: D-7.43
30250 {range: 5:3~185}
46 {range: I 1-99.7)
188" {ranger 0-66:33
9out of 131 patients
No data

75 oul of 138 patients

1Ix, dlagnosiss WBC, white blood cell couny; Plt, platelet count: HbE, fetal haemoglobis.
P o= 0047, P values were caleulated using the Mann-Whitney U test for comparisons between medians and ranges.

level of fetal haemoglobin (HbF) was higher in the former
group compared to that in the later (P = 0:047, Mann~
Whitpey U test).

Discussion

in this retrospective study, 15 (98%) of the 153 JMML
patients had progressed to blast crisis and this rate was simi-
lar to a previous report {Luna-Fincman ef al, 1999). There
have been only o few other reports regarding blast crisls in
IMML, Blast crisis was not described in a retrospective analy-
sis of 110 cases with IMML [Niemeyer ¢f ol, 1997). However,
in the 1980%, Castro-Malaspina et &/ (1984) reported that
one~third of children with JMML developed blastic transfor-
mation,

In the present study, the median time interval between
diagnosis and  blast crisis was 15 months {range, 1-48
months). Three patients had blast crisis during observation
and nine patients were treated with 6MP before the blast
crisis, furthermore, three patients underwent a transforma-
tion to blast crisis after HSCT,

According to the European Working Group of MDS in
Childhood, older children, reduced platelet count and
increased percentage of HbF correlate with @ poor ontcome
{Niemever ef al, 1997). Regarding the risk factors for blast
erisis, a higher level of HbF was associaled with the
occurrence of blast crisis and this should be confirmed in a
different cohort,

in this study, only two of the 11 patients who received
intensive chemotherapy including AML type, entered remis-
sion. Therefore, we conclude that JMML blast crisis is very
resistant to chemotherapy. Indeed, the main cause of death
was disease progression.

it is important to note that monosomy 7 and/or complex
karvotype were observed in the majority of patients at the
time of blast crisis. It seems that these cytogenctic aberra-
tions play a critical role in the progression, Five patients with
a normal karyotype at blast erisis may have had underlying
unknown genetic events. Matsuda er al (2006} reported that
some JMML patients, who initially had a normal karyotype,
acquired chrompsomal abnormalities including monosomy 7

© 2014 john Wilsy & Sons Lid
Britisly Journal of Hasmatology, 2014, 185, 682-687

during treatment with 6MP. They hypothesized that a miner
population with an aberrant karyotype already existed at the
onset in these patients. In our study, nine patients were trea-
ted with 6MP before blast crisis and 7 of them acquired
additional chromosomal abnormalities after 6MP treatment.
It wag possible that 6MP might select resistant clones. Accu-
mulation of molecular changes may also contribute to disease
progression in JMML. Kato etal (2013) reported a case
where a JMML patient with a heterozygous KRAS mutation
developed aggressive transformation during 6MP  therapy
after acquisition of homozygous KRAS mutation through
uniparental disomy mechanism {Kato eral, 2013). Very
recently, Sakaguehi er al (2013) reported that the coexistence
of several gene mutations, including SETBPI and JAKS, in
addition 1o RAS-pathway abnormalities was related with
poorer outcome in patients with [MML. Mutations of such
genes may be relevant ro the ocemrrence of blast crisis. How-
ever, the mechanism underlying the blast crisis was uncertain
in most }IMML cases, it is possible that 6MP might have
induced the second hit and accelerated the discase as 6MP
maintenance therapy is reported to be correlated with
secondary malignant neoplasm (Schmiegelow et al, 2009).

It was possible that some patients developed second malig-
nancy rather than blast crisis. However, in this study, none
of the patients who did not receive HSCT achieved remission
before presentation of blast crisis. Therefore, we assume that
those patients had progression of the discase or blast crisis
rather than second malignancy. Of note, Patient 12 had com-
pletely different chromosomal abnormalities at diagnosis and
blast crisis, which it may indicate a second malignancy.

A recent report suggested that the pathogenesis of JMML
is the dysregulation of granulocyte-macrophage colony-
stimulating factor {GM-CSFI/RAS signal transduction and
mutations in RAS, NF1, PTPNII and CBL genes interfering
with the downstream components of this pathway (Side e al,
1994; Tartaglia er al, 2003; Flotho er al, 2007; Loh et al,
2009). These mutations can be identified in approximately
80% of IMML cases and are associated with clinical features
and prognosis in IMML (Yoshida et al, 2012). Yoshida et al
{2009} evaluated 71 children with IMML and they concluded
that JMML with PTPNII mutation might have a poer

685

- 218 -



Y. Honda ot af

outcome. On the other hand, some patients with KRAS or
homozygous CBL mutation have improved spontancously
{(Matsuda et al, 2007; Loh, 2011}, In our report, gene muta-
tlon analysis was performed only in two cases, because most
of the patients were diagnosed with IMML In the 1990, A
prospective study with mutational analvses of the above
genes in the RAS pathway and scarch for sccond molecular
events will be needed to elucidate the pathogenesis of blast
crisis in JMML.

in the last 10 years HSCT has become the only curative
treatment for JMML and, in Japan, it was also proposed as a
treatment for IMML after 1999 (Manabe ef af, 2002). In our
present report, 11 (15%) out of 74 patients progressed 1o
blast crisis before 199%; on the other hand, there were only
four cases (5%) with blast crisis among 79 patients diagnosed
after 2000. It is possible that the frequency of patients with
blast crisis decreased becanse HSCT was administered carly
on in the course of treatment in these cases. In fact, the
pumber of IMML patients who received HSCT before and
after 1999 were 43 out of 74 {58%) patients and 60 out of
79 {76%) patients, respectively. On the other hand, recent
advances in genotyping of IMML may lead to a decrease in
the indication for HSCT in patients with MML. For eam-
pie. children with RAS or CBL mutstions may not need
HSCT. In addition, it has been reported that IMML patients
with AML-type expression profile had a worse prognosis
{Bresolin ¢f ol 20105 In their report, monosomy 7 was
observed in six of 20 patients with an AML-type profile,
whereas it was observed in only one of 20 patiems with 2
non-AML type profile. It is possible that children presenting
blast crisls may have the AML-type expression profile, Taken
together, the number of patients who need HSCT may
decrease as more precise prognostic factors become available.
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Criteria for evaluating response and outcome in clinical trials for
children with juvenile myelomonocytic leukemia

Charictie M. Niemeyer,* Mignon L. Loh,* Annamaria Cseh,* Todd Cooper.® Christopher €. Dvorak,® Rebecca Chan?
Blanca Xicoy,” Ulrich Germing,” Seiji Kojirma,"® Atsushi Manabe,” Michael Dworzak,” Barbara De Moerloose,* Jan
Stary,” Owen P. Smith,” Riccarde Masetth,™ Albert Catala,” Eva RBergsiraesser,’ Marek Ussowicz,” Oskana Fabri,*®
André Baruchel,™ Héléne Cavé,® Michel Zwaan,® Franco Locatelli,” Henrik Hasle,” Marry M. van den Heuvel-Eibrink,»

Christian Flotho,* and Ayami Yoshimi?

*Department of Pediatrics and Adolescent Medicine, Division of Pediatric Hematology and Oncology University of Freiburg, Germany;
“Department of Pediatrics and the Helen Diller Comprehensive Cancer Center, University of California, San Francisco, CA, LISA; *Aflac
Cancer and Blood Disorders Center/Children’s Healthcare of Atlanta/Emory University, Atlanta, GA, USA; “Division of Pediatric Allergy,
immunology, and Bone Marrow Transplant, Benioff Children's Hospital, University of California, San Francisco, CA, USA; *Department of
Pediatrics, The Herman B Wells Center for Pediatric Research, Indiana Unlversity Schoot of Medicine, Indianapolis, IN, USA;
*Depariment of Hemaiology, Hospital Germans Trias | Pujol and Institut Catald d'Oneologia-José Carreras Leukemia Research Institute,
Badalona, Spain; "Department of Hematology, Oncology and Clinical Immunology, Heinrich-Heine-University, Dilsseldorf, Germany;
*Depariment of Pediatrics, Nagoya University Graduate School of Medicine, Japan; *Department of Pediatrics, St. Luke's International
Hospital, Tokyo, Japam ¥St. Anna Children’s Hospital and Children's Cancer Research institute, Depariment of Pediatrics, Medical
University of Vienna, Austria; “Department of Pediatric Hemato-Oncology, Ghent University Hospital, Belgium; *Department of
Pediatric Hernatology and Oncology; Charles Uaiversity and University Hospital Motol, Czech Pediatric Hematology Working Group,
Prague, Czech Hepublie; ®Pediatric Oncology and Hematology, Cur Lady’s Children’s Hospital, Crumiin, Dublin, ireland; *Department of
Pediatrlc Oncology and Hematology, University of Bologna, Italy; *Department of Hematology, Hospital Sant Joan de Déu, Barcelona,
Spain; *Department of Hematology and Oncology, University Children's Hospital, Zurich, Switzerland; ¥Department of Pediatric
Oncology, Hematology and BMT, Wroclaw Medical University, Poland:; *Department of Hematology and Transfusiology, Comenius
University, Bratislava, Slovakia; *Dapartment of Pediatric Hematology of Robert Debré Hospital and Paris Diderot University, Paris,
France; *Department of Genetics, Hopital Robert Debré, and Paris Diderot University, Parls, France; “ErasmusMC-Sophia Childrenw's
Hospitat, Erasmus Medical Center, Rotterdam, and the Netherlands and ITCC; ®*Depariment of Pediatric Hematology and Oncology,
Barnbino Gesl Chlldren’s Hospital, Rome, University of Pavia, Italy; ®Department of Pediatrics, Aarhus University Hospital Skejby,
Aarhus, Denmark: and *ErasmusMC-Sophia Chiftiren’s Hospital, Erasmus Medical Center, Rotterdam, and Duich Childhood Oncology

Group, The Hague, The Netherands

Juvenile myelomonocytic leukemia is a rare myeloproliferative disease in young children. While hematopoietic stem
cell wansplantation remains the only curative therapeutic option for most patients, children with juvenile
myelomonocytic leukemia increasingly receive novel agents in phase I clinical trials as pre-transplant therapy or
therapy for relapse after transplantation. However, response criteria or definitions of outcome for standardized eval-
uation of treatment effect in patients with juvenile myelomenocytic leukemia are currently lacking, Here we propose
criteria to evaluate the response to the non-transplant therapy and definitions of remission status after hematopoietic
stemn cell transplantation. For the evaluation of non-transplant therapy, we defined 6 clinical variables (white blood
cell count, platelet count, hematopoietic precursors and blasts in peripheral blood, bone marrow blast percentage,
spleen size and extramedullary disease) and 3 genetic variables (cytogenetic, molecular and chimerism response)
which serve to describe the heterogeneous picture of response to therapy in each individual case. It is hoped that
these criteria will facilitate the comparison of results between clinical trials in juvenile myelomonocytic leukemia.

Introduction

Juvenile myelomonocyrtic leukemia JMML) is a clonal dis-
ease in young children.’® Patients with JMML present with
leukocytosis, monocytosis and splenomegaly, features similar
to those observed in the myeloproliferative subtype of chron-
ic myelomonocytic leukemia (CHMML) in adults” Other clini-
cal signs of IMML include thrombocytopenia, leukemic skin
infileration, elevation of fetal hemoglobin (HbF), and hyper-
sensitivity of hematopoietic progenitors to granulocyte-
macrophage  colony-stimulating  factor  (CM-CSE)?
Approximately 90% of patients with IMML harbor largely
mutually exclusive mutations in PTPN4, NP4, NRAS, KRAS.
or CBL in their leukemic cells resulting in hyperactivation of
the RAS-MAPK pathway ™"

Hematopoietic stem cell transplantation (HSCT) is still the
only curative therapy for the vast majority of JMML
patients. ™ However, with advances in understanding the
underlying molecular mechanisms in JMML, the potential for
the introduction of novel therapeutic agents has been recog-
nized for some time, Several molecules, such as isotretinoin,
zoledronic acid, and famesyl transferase inhibitor R118777
have been evaluated in pre-HSCT windows or compassion-
ately used. P Recently, azacitidine, a DNA-hyponiethylating
agent, was reported to induce hematologic and molecular
remissions in some children with JMML, ™ and is ‘currently
being tested in clinical trials in Europe. Additional efforts are
underway to employ therapeutic inhibition of the MEK/ERK
and PI3K pathways. ™%

®2014 Ferratz Storti Foundation. This s an open-access paper. dol:10.3324/haematol 2014.109852
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In order w evaluate the efficacy of any conventional or
novel interventions for IMML, standardized criteria to
define responses and relapse are wgently required. With
the goal of defining widely accepted criteriaof response to
therapy, intemational experts from the European Working
Groups of Myelodysplastic Syndromes in Childbhood
(EWOG-MDS), the Children’s Oncology Group (COG)
from the US, and from the Japanese Sadiety of Pediatric
Hematology/Oncology met to find an agreement at the
IMML. Intemational Symposium, New Oreans, USA,
{6 December 2013). The agreed critera are presented in
this manuscript.

Proposal of response oriteria in clinlcal trials
of therapy in JVIML

Previvus efforts for standardized respanse griteris
for non-HEET therapy in ML

In adults, standardized response criteria proposed by an
International Working Group of MDS have been widely
used in clinical wials for MDS as well as CMML These
criteria are, however, not applicable to [MML and ryelo-
proliferative CMML because they focus on reduction of
biast percentage and improvermnent of bload counts, and
are not designed to evaluate myeloproliferative features
such as organomegaly.

Bergstracsser ¢f al. defined response eriteria m JMML
considering white blood cell (WBC) count, platelet count,
as well as liver and spleen size.” These authors retrospec-
tively evaluated the efficacy of 129 weaument courses
other than HSCT administered to 63 children with JMML
and reported a significant correlation between WEC count
or spleen size and the efficacy of non-HSCT therapy. This
finding was later applied 1o response criteria proposed by
Chan ot al. describing complete response (WBC <20x1077L
and normalization of spleen size) and partial response
{(«80% of initial WBC but total suill greater than 20x107/L
and 28% decrease in spleen size from initial size) based
solely on these two oriteria, WBC count and spleen size.”
Duz 1o the rarity of IMML there is no published prospec-
tive clinical trial that has acrually appiied these critera,
and there are evident limitations when only these two
variables are used. The definicions are only applicable in
patients with levkocytosis (WBC =20x107L) and
splenomegaly (22 o below the costal margin). Fowever,
among 497 JMML patients currently registered in the
EWOG-MDS studies, 30% had a WBC count less than
20x10°7L, and 12% a spleen size of less than 2 am below
the costal margin at diagnosis (EWOG-MDS, mnpyblished
dera, 20443). In addition, the criteria are not applicable o
patients relapsing post HSCT who have reappearance of
cytogenetic or molecular abnormalities after HSCT but
who do not yet show the Rl clinical picrure of relapse.
Response criteria thus need to be applicable in many dif-
ferent clinical sitvations for a broad range of patients,
Therefore, clinical variables other than WBC count and
spleen size are needed. and cytogenetic and molecular
variables are also necessary 1o describe disease status,

the concept behind the proposed response oriferia

As outlined above, response measurements in JMML
need to be applicable to the highly heterogeneous dlinical
features at presentation and to individual response patterns
1o different therapeutic agents. Therefore, 6 clinical vari-

ables and 8 genetic variables were selecred (Table 1). For
each of these variables (v), complete response (vCR), parual
response (vVPR) and progressive disease {(vFD) are defined.
This makes the evaluation of heterogeneous offects of sach
intervention possible. Because we recognize that each
patient can present with ditferent clinical, cytogenetic and
molecular features, the number of evaluable variables at the
start of therapy differs amaong patients. Based on the cumu-
lative response of these 9 variables, the clinical and genetic
remission status can be described {Tables 2).

Yarinbies to evaiuate response

In addition to WBC count and spleen size, clinical vari-
ables include presence of myeloid/ervthroid precursors
and blasts in peripheral blood, platelet count, percentage
of blasts i bone marrow, and presence of extrameduliary
disease {Table 13" Two additional hallmarks of [MML, the
level of hemoglobin F (HbF) corrected for age and the pres-
ence of monocytosis, have intentionally been excluded as
response critenis for various reagsons. High HbF levels ar
diagnosis are known to predict outcome but are depend-
ent on karyotype. Moreover, so far there has been no
report on serial HbF levels during the natural course of
IMML or following HSCT. Therefore, further studies to
evaluate HbF during the clinical course of IMML patients
are necessary. Monocytosis more than 1.0x10%L is one of
the diagnostic criteria of JMML," but the absolute mono-
cyte count generally correlates with the WBC, Since the
usefulness of the WBC count has been previously con-
firmed, we chose the WBC count, but not the monocyte
count, a8 a variable to be evaluated.” Moreover, monoey-
tosis can be nonsspecific since it is observed in various
conditions, such as infections or an early sign of bone mar-
row recovery after HSCT, and leukocyrosis in JMML is
manifested not only by monocytosis but also by circulat-
ing immuature myeloid cells in the peripheral blood.

Since the spleen size is one of the variables evaluating
wrearment efficacy in IMML,” reliable methods to measure
the size of this variably shaped organ are required. Size
determination by palpation with measurement of the
length berween the spleen tp and the left costal margin is
clinically appropriate™®™ but may not be sufficient for
clinical trials since its resulis are not verifiable.
Measurements by computed tomography are to be avold-
ed in children with [MML because of radiation issues, and
magnetic resonance imaging generally requires deep seda-
ton or anesthesia. For these reasons, we currently recom-
mend evaluation of spleen size by ultrasound with the lin-
ear measurement of the splenic length, defined as the
maximum distance between the dome and the tip of
spleen in the right lateral decubiras position.”

The three genetic variables selected for evalvating
response were cytogenetics, molecular alterations, and
chimerism. Cytogenetic and molecular data must have
been collected at diagnosis while chimerism is only appli-
cable after HSCT, Abnormal karyotypes are observed in
approximately 35% of IMML patients, with monosomy 7
being the most common aberration (23%). Oncogenic
molecular alterations in PTPN 14, NF-4, NRAS, KRAS or
CBL, noted in approximately 90% of patients are increas-
ingly important tools for diagnosis and follow up of
IMML.™ We anticipate that additional somatic mutations
will be discovered in JMML. Indeed, recently SETBP1 and
JAKZ mutations were reported as a result of an exome
sequencing project.” However, until these markers are fur-
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ther validated, we would suggest that these routations,
which might indicate sub-clones, fall under the category
of * :xquszec? molecular abnormalities”. Analysis of donor
chimerism has been 2 standard measurement to follow
JMML patients given allogeneic HSCT. While discussion
of the wvarious methods used to determine donor
chimerism is beyond the scope of this consensus report,
there was broad agreement that unsorted cell donor
chimerism should be 2 common measurement in clinical

Table 1. Variables for evaluation of response to therapy in IMML.
4

mials, Most JMML patients with persistent mixed
chimerism experience clinical relapse of IMML and are
thus candidates for early intervention with innovative
therapies prior to development of a full clinical relapse.

Sefinitions of resnonse fo therapy other than HSCT
i AL

Based on the response of each applicable variable listed
in Table 1, the dlinical and genetic remission status can be

13 WBE comnt »20;: 1L 1.0-15. BMGIL Decreased by =50% over Increase by =508
pretreatment but still and 220x 1471
=1L
2 Myeloid aud érihoid CsER B Decreased by =5over
precursors and b}as%s in 93*' o  pre-freatmea
3) Platelet connt < il 171, =10 YL For patients starting with Development of transfusion
= 20x 171, platelets: abselute dependency or
» increase of = JUx1071 il patients have the baseline
For patients starting with of the platelet connt
< 20 w107, platelels: increase of =30 1071, decrease
| s wa amd > 20 1y sallibang <HRXKIU/A
i 1% and » 20x 107 hy =808 and < 108x 107
41 BMblasts i o=l <5 Decreased by =5 e
] ~ . , gre«irea{mentb i still e:s%
53 Spleen size =2 cin under Nusplenomegaly W decrease by om Eﬁue(m bv =1 I*Eﬂ il
a} Clinical the cosial margin under the baseline <dom lrom
waluation costal margin under the costal margin
or =50% if baseline 5-10 cm
3095 if haseline >10 cm
b3 Senography Length of spleen No splenomegaly >25% decrease by lenglh Inerease by
2 150% of upper limit but stil! spienomegaly =25% ol length
of normal range
- 6) Extromedullary diseased  Extramedillary leukemic  Noevidenceof -
‘ : ‘ *infilisation - estramedafiary leikenic. .
i e R T B miii{r,h‘mmas HEae :
73 Cvingenelic response Somatic cytegenstic Normal - Reﬁppmmm*e or addmnmi
abnonnality detected karyolype acquirement of ologenetic
: abnormalities
£ By Molecular resposise Sowatic genetic anomalies - Abspnesof somatic = Reappearance or
L e g deteciad ** geactic smomalies . .
; , : : \ ,'wmai%ngenﬁ a&tmrmaime\www
8} Chimerism response =15% autologous cells alter  Complete donor - St increase and »>5% increase
{only for patients after H3CTY allo-HSCT chimerisim of autologous cells and >5%

CR complete vesponse PR partiad vespongs, PEE praggressive thisease, WRU ity Blupd ool PR peripheral Blood: BM: bone marow,
and metopestocyies. e twelotd and eryilootd precursors and blasts wy 845 are gl

“Wtyeloid precarsors inchide promyelusytes, myelovyies
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defined foreach patient (Table 2). In patients who achieve
genetic complete remission (gCR), JIMML cells are congid-
ered to have been eradicated, irrespective of clinical remis-
sion status. Pauents with gCR may have persistent
splenomegaly or leukocytosis from causes other than
IMBL, suich as infections. Howevey, itis unlikely that such
a patient haz clinical signg of progressive discase of IAML
irv the presence of gCR. In such a patient, any new clonal
abnormalities, other possible errors of genetic examina-
tions, or other disorders which pive rise to [IMML-like ¢lin-
ical features, should be excluded.

Response criteria for ¢linical trials of HECT
There is a consensus that criteria for remission after

HSCT are somewhat different from those stated above for
remission after non-HSCT. The resuission criteria in

Clinical complete
remission (cCR)

Patient fulfills the criteria of CR of alt applicable
eliniciil variables 16 of Table ]

The response variables must be waintained
forat least 4 woeks.

Defised if the patient does aol flfil the
of cCR and ¢PR, but none of the variables
showed vPD.

PD

HSCT recipients include the results ef chimerism analyses
(Table 3). Appraisal of methodological consideration of
chimerism studies will change over time and is beyond the
scope of this consensus document. Patients undergoing
HSCT who achieve neutrophil engrafiment and coraplete
donor chimerism with disappearance of acquired cvtoge-
netic and molecular abnormalities are considered to have
a complete remission of IMML. In these individuals, com-
plete rernission is defined irrespective of the spleen size or
WBC counts, since post HSCT, patients often have persist-
ent splenemegaly and leukocytosis without active JMML
due to infections, graft-versus-host digease or other hepatic
complications. For the very few cases with mixed
chimerism after HSCT and no diagnostic cytogenetic or
molecular marker, definition of complete remission
requires the resolution of all chinical features indicative of
IMML {Table 3}.

Table 2. Definition of response following therapy other than HSCT in JMML.

Genetic complete
remission (4CR)

Defined if the patient shows a sormal
karyotype and absence of aequired

mutations in PIPRTE N1, NRAS, KRAS,
or CBL.

Genetic stable
disease (gSD)

wot fulfil
the criteria of ¢CR, but none of the genetic
variables {7-8) showed v,

Befined if the patient d

Genetic
relapse (gRel}

Cimma! relapse (cRel)  Defined if anyof the variables 1-6 showed vPD

Reappearance of an abnormal karyolype
alter the actievement of oCR or ¢PR.

and/or mutation of genes related with JMML
il previously undetected, and/or

{only for patients after HSCT) increase in
recipient chimerism with at least 10%

of autologous cells and >50% Increase
above the baseline.

**in paiienis with germdine NP PTENAT or OBL L e gerarding muction yemaing sven i achiesst @ generic complens remission,

Table 3. Definition of compiete remission and relapse after hematopoietic stem cell fransplantation in children with IMML.

Complete remission is defined in the presence of neutrophil engraltment and:
L full donor chimerism of unsorted cells frony PB or BM and
% disappearance of acquired cytogenctic and melecular abnormalities in patients with such a previously identified abnormality

Par patienls withont eytogenetic or acquired molecular abnormalities at diagaosis, whe do not achieve full donar ehimerism (as defined abovey, all 6f the following
features of clinical remission must berachieved for definition of complete repiission: '
a. absence of splenomegaly on exam and imaging, i splenomegaly was present at diagnosis

b, sbsolute legkocyte count < 15x 104,

. blasts in BM of <B%,

. myeloidersthroid precursors icluding blasts in PR <%

PE: pevipheral bicisd: BAT bong marseap, *Exciuge sther couses of ap;sea}{mg of hists and oyveloid/erthigind yimnwm it P stichvas the RENCINNG PAUSE QST eNGIAlteEns, 2
sy

tions and effect of, ulasiresion
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Conclusion

in this paper we propose response and relapse eriteria
for patients who are diagnosed and treated for [MML, rec-
ogaizing the complexities of disease presentation and
therapeutic interventions. The usefulness and suizability
of these criteria need to be proven in prospective clinical
trials. It is likely that the proposed response criteria will
require modifications in the future based on the accumu-
lated experiences and advances of molecular hiology in
IMML. Because the goal of therapy of children with
JMML is a cure, it is also important to be aware that
responses need to be translated into an increase in long-

aurtre the discussion antong clinicians and scientists oorking in
the field of JMML and organizing an annual Imerdational
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term survival in well-controlled clinical trials,
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Abstract We report the outcomes of 30 patients with
juvenile myelomonocytic leukemia (JMML) who received
unmanipulated hematopoietic stem  cell transplantation
(HSCT) with oral or intravenous busulfan, fludarabine, and
melphalan between 2001 and 2011. Mutations in PTPNI]
were detected in 15 patients. Six patients received human
leukocyte antigen (HLAJ-matched HSCT from related
donors, and 24 patients received HSCT from alterna-
tive donors, including 13 HLA-mismatched donors. Pri-
mary engraftment failed in five patients, all of whom
had received allografts from HLA-mismatched donors.
HLA-mismatched HSCT resulted in poorer event-free sur-
vival than HLA-matched HSCT (28.8 vs. 70.6 %). Three
patients died of transplantation-related causes, and eight
patients experienced hematological relapse (including
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five patients who died due to disease progression). Eight
patients received a second HSCT, and four of these patients
have survived. The S-year estimated overall survival for all
patients was 72.4: 88.9 % for the patients without a muta-
tion in PTPNI11 (n = 10) and 58.3 % for the patients with
a mutation in PTPNI] {n = 15) (P = 0.092). The condi-
tioping regimen reported in the present study achieved
hematological and clinical remission in »50 % of patients
with JMML who received HSCT from alternative donors,
and may also be effective for IMMIL patients with PTPNIJ
mutation.
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Juvenile myelomonocytic leukemia (JMML) is a rare
clonal myelodysplastic/myeloproliferative  disorder that
occurs during infancy and early childhood [1], and is char-
acterized by excessive proliferation of monocytes and
hypersensitivity of myeloid progenitor cells to granulo-
cyte-macrophage colony-stimulating  factor (GM-CSF)
in vitro. Most patients present with pallor, fever, marked
splenomegaly, and skin rash, and fypically experience an
aggressive clinical course [2]. Interestingly, JMML usu-
ally involves somatic and/or germ-line mutations in the
genes of the RAS pathway, such as PTPNII, NRAS, KRAS,
NF I, and CBL, in the leukemic cells; PTPNI] mutations
are particularly associated with an unfavorable prognosis
{3]. Moreover, exome sequencing has identified secondary
mutations in SETEP! and JAK3 among JMML patients,
mere commonly in patients with PTPNI] mutations. Fur-
thermore, individuals with secondary mutations have
poerer survival than those without secondary mutations
[4]. Although a few JMML patients with germ-line muta-
tions in CBL and NRAS show spontaneous resolution [5],
the median survival time without allogeneic hematopoietic
stem cell transplantation (HSCT) is approximately 1 year
[6]. Thus, HSCT is currently the only curative treatment for
JMML, and we have previously reporied our early experi-
ence with JMML patients who received HSCT with a con-
ditioning regimen of busulfan (Bu), fludarabine (Flu), and
melphalan (L-PAM) [7]. In this report, we present updated
data on our carly experience with 10 patients and retrospec-
tively analyze the data of 20 additional patients who were
administered intravenous or oral Bu combined with Flu and
L-PAM. In addition, we studied mulations in the RAS path-
way and their prognostic implications after HSCT.

Materials and methods
Patients

Patients were diagnosed with JMML according to previ-
ously published criteria [8]. The Myelodysplastic Syn-
drome (MDS) committee of the Japanese Society of Pediat-
ric Hematology/Oncology and the Japanese Pediatric MDS
Study Group supported the detection of oncogenic muta-
tions (i.e., PTPNII, RAS, and CBL) and the experiments on
spontaneous growth or GM~CSF hyperseénsitivity in colony
assays. Thirty patients with JMML who anderwent HSCT
between July 2001 and April 2011 were followed in the
observational study of the Japanese Pediatric MDS Study
Group until October 2012. Patient data were retrospectively
collected, including patient characteristics, transplantation
procedure, and outcomes. The Japanese Pediatric MDS

Study Group and the Tokai University Hospital Institu-
tional Review Board approved this retrospective study. All
patients or their guardians provided informed consent prior
to H8CT, in accordance with the Declaration of Helsinki.

Transplantation procedures

The characteristics of the 30 JMML patients who. under-
went are shown in Table 1

Serological typing data for the human leukocyie antigen
(HLA)-A and HLA-B and DNA typing data for HLA-DR
were available for all the related donor-recipient pairs.
DNA typing data were obtained from each participating
facility for all the loci for the unrelated donor-recipient
pairs and the mismatched related donor-recipient pairs,

Before HSCT, 25 patients received mild chemotherapy,
with 6-mercaptopurine or low-dose cytarabine for example,
and 3 patients received a short conrse of intensive chemo-
therapy for acute myeloid leukemia (AML) (2 of these
patients had an abnormal karyotype: monosomy-7). One
patient underwent splenectomy, and 2 patients received 6 Gy
of splenic irradiation for marked splenomegaly. All patients
were conditioned with oral Bu (140160 mg/m® in divided
doses daily for 4 days, total dose 560-645 mg/m?) or intrave-
nous iv Bu (3.2-6.0 mg/kg in divided doses daily for 4 days,
total dose 12.8-24.0 mg/kg) on days ~11, ~10, —9, and 8.
Conditioning with iv Flu (30 mg/m2 once daily for 4 days,
total dose 120 mg/m?) was performed on days —7, —6, —5,
and —4. Conditioning with iv L-PAM (90 mg/m® once daily

for 2 days, total dose 180 mg/m?) was performed on days —3

and —2. When a patient was scheduled to receive iv L-PAM
on days —4, —3, and —2 (70 mg/m® once daily for 3 days,
total dose 210 mg/m®), their Bu conditioning was started on
day —12. The regimen-related toxicity was scored accord-
ing to the Bearman scale, and chimerism of the bone marrow
(BM) or peripheral blood (PB) was evaluated wvsing short
tandem repeat analysis, XY chromosomal analysis, or fluo-
rescence in situ hybridization analysis.

The patients’ clinical status after HSCT was evaluated as
follows. Engraftment was defined as an absolute neutrophil
count >0.5 x 10"/L for 3 consecutive days, with the day
of engraftment congsidered the first day. Secondary grafl
failure was defined as loss of graft (absolute neutrophil
count <0.5 x 10%/L for >3 consecutive days after the initial
engraftment) due to events that were not related to disease
progression or relapse (e.g., infection and hemophagocytic
syndrome). Relapse was defined as an increase in recipient
chimerism in the BM or PB cells as well as hematological
and clinical signs of JMML.

Overall survival (OS) was calcolated using Kaplan—
Meier analysis, and event-free survival (EFS) was defined
as the probability of survival with remission: death, relapse,

and engraftment failure were considered events.

@ Springer
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The clinical responses of the 30 patients 10 HSCT are listed
in Table 2. Twenty-five patients achieved engraftment
(i.e.. 0.5 x 10° neutrophils/L) at a median of 21 days
(range 11-55 days). Five patients experienced primary
engraftment failure, all of whom had received an allograft
from an HLA-mismatched donor, including the patient who
underwent splenectomy and 1 patient who received splenic

Table I Patient characteristics and transplantation procedures

Variable Number of patients
or median {range)

Gender

Male 21

Pemale 9
Age at diagnosis {years) 1.3 (0.1-6.7
Age at HSCT (years) 2.2{0.3-6.8)
Interval between diagnosis and HSCT (months) 6.0 {1.2-41.0)
Status at diagnosis

WBC (% 10%/L) 277 (9.6-126.2

Fetal hemoglobin (%)
Karyotype
Normal
~Tq
Other
Mutation
PTPNII 15
RAS
NF-}
Negative
Not tested
Donor
Related donor
HLA-matched 6
HLA-mismatched 2
Unrelated donor
HELA-matched il
HLA-mismatched 11
Stem cell source
Bone marrow 23
Peripheral blood
Cord blood
GVHD prophylaxis
Tacrolimus = MTX
CsA +MTX
MTX

25.0 (1-63.3)

W Ja b
—

W b W

LT

& [
t QM

irradiation. Engraftment was successful in 3 patients who
received a short course of intensive chemotherapy for AML
without severe organ toxicity or relapse. Table 3 shows the
details of the engraftment and patient outcomes accord-
ing to HLA matching and the stem cell source. Three of
4 patients who received HLA-mismatched unrelated cord
blood transplant (CBT) achieved primary engraftment,
although 1 patient developed secondary graft failure. Two
patients also successfully received HLA-matched PB stem
cell transplants (PBSCT) from a related donor and an unre-
lated donor, respectively.

Chimerism analysis of the BM or PB was performed for
22 patients on days 27-113. Although all patients exhib-
ited complete chimerism (i.e., >95 % donor cells) at least
once, 5 patients experienced hematological relapse. Eight
patients experienced hematological relapse 47-296 days
after HSCT, and 6 of these patients had mutations in
PTPNII.

The most common organ loxicities were stomati-
tis (grades J-1I, 12 patients; grade I, 1 patient) and

Fable 2 Transplantation ontcomes

Variable Number of patients
Engraftment

Yes 25

No 5
Secondary praft fatlure i
Acute GVHD

0,1 14

-1V 11
Chronic GVHD

Yes 10

No 12
Cutcome

Second HSCT g

Complications in the Jate post-transplant phase (>100 days)

interstitial pneamonia 1
Bronchiolitis obliterans 2
Membranous nephropathy i
Hemorrhagic cystitis 1
Protein-losing gastroenteropathy i
EB-PTLD 1
Alive 22
In remission 20
With persistent disease 2
Dead 8
Due to progressive disease 5
Transplantation related 3

HECT hematopoietic stem cell transplantation, WBC white blood cell,
HLA human leukocyte antigen, MTX methotrexate. CsA cyclosporine
A, GVHD graft-versus-host disease

@_ Springer

GVHD graft-versus-host disease. HSCT hematopoietic stem cell
ransplantation, £EB-PTLD epstein-barr virus-related post-transplant
lymphoprofiferative disorder

- 229 —



H8CT for JMML 187
‘Table 3 Details of the engraftment and outcome nccording to HLA matching and stem cell source
Donor HLA matching Stem eell source/ Prinvary engraftment Outcome
number of patients Yes/no (number of patients) Aliveldead
(number of patients)
Related donor Matched BM/3 516 32
PB/1 10 16
Mismatched
-antigen-mismatched parent BM/1 o 10
2-antigen-mismatched parent BM/1 o1 o1
Unrelated donor Matched BM/S 9/0 8/1
PRY1 1o 1o
CB/1 0 1o
Mismatched
I-antigen-mismaiched BM/4 31 222
I-allele-mismatched BM/3 72 3/0
I-antigen-mismatched CB/1 10 011
1-antigen and 3-allele~-mismatched CB/1 0/1 /1
1-allele-mismatched CB/2 eslt] 216

HLA human leukocyte antigen, BM bone marrow. #B peripheral blood. CB cord blood
# Peripheral blood graft was obtained from an overseas marrow and stem cell donor program

gastrointestinal mucositis (grades I-1I, 7 patients). Pulmo-
nary, cardiac, renal, and bladder toxicities were uncommon
{2, 1. 1, and 2 patients, respectively), and none were serious
{i.e., grades I-II). One patient with veno-occlusive disease
{(VOD) developed grade I'V liver toxicity. Three patients died
of transplantation-related cauvses: bronchiolitis obliterans
23 months after HSCT, interstitial pneamonia 9 months after
HSCT, and hepatic VOD 1 month after HSCT. In addition, 5
patients died of disease progression after relapse.

Eight patients received a second HSCT. Three of them
received a mismatched unrelated CBT 35-65 days afler the
first HSCT because of a lack of engraftment (including sec-
ondary graft failure); all 3 patients survived. Furthermore,
5 patients with relapse received a second HSCT [4 received
unrelated BM transplant (BMT) and 1 received mnrelated
CBT] 110-285 days after the first HSCT; only 1 patient
who received an unrelated BM graft survived.

The median follow-up durations for the entire cohort
and surviving patients were 50.5 months (range 1.0~
127.0 months) and 61.3 months (range 14.7--127.0 months),
respectively, enabling the analysis of long-term outcomes.
The S-year OS and EFS rates for the entire cohort were
724 and 53.1 %. respectively (Fig. la). Patients who
received HLA-mismatched HSCT had poorer EFS than
those who received HLA-matched HSCT, because of the
low incidence of engraftment (28.8 vs. 70.6 %, P = 0.009)
(Fig. 1b). Although only a limited number of patients
received HSCT from a related donor or cord blood, there
was no significant difference in 5-year O8 between the
three groups (BMT or PBSCT from a related donor with 0

or 1 HLA digparity vs. BMT or PBSCT from an unrelated
donor with 0 or 1 HLA disparity vs. cord blood) (Fig. Ic).
The cstimated S-year OS rates for the patienis without
PTPN1] mutation (n = 10) and the patients with PTPNI]
mutation (n = 13) were 88.9 and 58.3 %. respectively
(P = 0.092) (Fig. 1d). No significant associations were
observed between poorer outcomes and the Bu administra-
tion route {oral vs. iv 70.6 %, 95 % confidence interval (CI)
48.9-92.2 vs. 74.0 %, 95 % C1 48.1-99.9 %; P = 0.790],
acute graft-versus-host disease grade (0-1 vs. -1V 71.4 %,
95 % C1 47.8-95.1 vs. 79.5 %, 95 % CI 54.0-100.0 %;
P = (.547), or chronic graft-versus-host disease (presence
vs. absence 78.8 %, 95 % CI 52.5-100.0 vs. 83.3 %, 95 %
Ci62.2-100.0 %; £ == 0.867). In addition, age at diagnosis,
sex, abnormal karyotype, and fetal hemoglobin were not
risk faciors for long-term survival {data not shown).

Discussion

Relapse and engrafiment failure are the major causes of
HSCT failure in JMML., We began administering a Flu reg-
imen without irradiation to improve the outcomes of HSCT
in JMMIL patients, as JMML occurs in infancy and early
childhood [7]. Allogeneic HSCT from an HLA-matched
related or unrelated donor cured >30 % of JMML patients
in the EWOG-MDS/EBMT group trial, which reported
the outcomes of 100 children with JMML who received
HSCT after homogenous conditioning with 3 alkylating
agents: Bu, L-PAM, and cyclophosphamide [S]. In that
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Fig. 1 Ouicomes of the busulfan/Budarabine/meiphalan regimen. a
Five-year overall survival (OS) and event-free survival (EFS). b Five-
year EFS according to human leukocyte antigen (HLA) matching. ¢
Five-year OS according 1o stem cell source {(bone marrow transplant

trial, primary and secondary graft failure was observed in

3 patients and 2 patients, respectively. In contrast, all of

our patients who received HSCT from an HLA-matched
donor achieved engraftment. However, 5 of 13 patients who
received HSCT from an HLA-mismatched donor experi-
enced primary engraftment failure, and 1 patient experi-
enced secondary graft failure. Therefore, overcoming gralt
failure in mismatched transplantation may require morc
intensive chemotherapy before the transplantation or the
administration of more immunosuppressive agents for con-
ditioning. In addition, a pharmacokinetics study is needed
to determine the sufficient and adjusted dosages of Bu to
maximize engraftment while avoiding fatal hepatic VOD
{101

Because of the lower possibility of engraftment and the
weaker effect of grafi-versus-leukemia, cord blood is not
typically considered a stem cell source for HSCT in JIMML
patients. However, unrelated donor CBT has recently been
reported as a suitable option for JMML patients [11]. In
that study, 90 of 110 patients achieved neutrophil engraft-
ment, with various conditioning regimens, and the 5-year
disease-free survival and OS rates were 44 and 52 %,
respectively. In the present series, 4 of § patients who
received unrelated CBT subsequently achieved primary
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(BMT) or peripheral blood stem cell transplant (PBSCT) from a
related donor with O or § HLA disparity, BMT or PBSCT from un
unrelated donor with 0 or 1 HLA disparity, or cord blood). d Five-
year OS of the patients with and without PTPN]] mutation

engraftment, and 3 of these patients have survived. The
ultimate outcome for CBT patients appears to be compara~
ble to that for BMT or PBSCT patients. Although the num-
ber of patients who received CBT using Bu/Flu/L-PAM
conditioning was too small for statistical analysis, this con-
ditioning may decrease the mortality rate and risk of graft
failure with CBT in JMML patients who lack a compatible
related or unrelated BMT or PBSCT donor.

Disease recurrence after HSCT is the main cause of
treatment failure in JMML patients, and the relapse rate
at 36 months after HSCT ranges from 25 to 40 % [9, 12].
Among JMML patients, relapse typically occurs early,
often within the first year after HSCT. Although only a few
relapsed JMML patients have been successfully treated
using donor lymphoeyte infusion [13], approximately 40 %
of patienis who receive a second transplant achieve remis-
sion [14]. In addition, Inagaki et al. [15] have reported that
among 11 patients (4 with graft failure, 3 with mixed chi-
merism and clinical signs of JMML, and 4 with relapse)
who received a second transplant, 5 survived with remis-
sion. Among the 8 patients in our series who received a sec-
ond transplant, 4 patients (3 with engraftment failure and 1
with relapse) achieved remission. However, JIMML patients
with failed engraftment will progress to hematological
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relapse; therefore, a prompt second transplant (e.g., CBT)
may be helpful. The main advantages of CBT in JMML
patients are its use as an allograft in urgent situations and
obtaining an adequate quantity of stem cells, given the
limited body weight of these patients. Moreover, Inagaki
et al. and Yoshimi et al, [15, 16] have reported that several
cases achieved complete chimerism after the withdrawal of
immunosuppressive therapy. In addition, chimerism studies
can identify patients with increased mixed chimerism who
are at high risk of IMML. relapse.

The EWOG-MDS/EBMT group has reported that the
use of AMUL-like chemotherapy and splenectomy before
transplantation did not appear to be associated with a lower
risk of disease recurrence {9]. In our series, a short course
of AML therapy in 3 patients (including 2 patients with
monosomy-7) appeared to be effective and safe. However,
we could not evaluate the engraltment and relapse rates for
pre-HSCT treatment with AML chemotherapy and splencc-
tomy/splenic irradiation because of the small sample size.

Yoshida et al. [3] have reported that OS in 19 patients
with a mutation in PTPNI] who received HSCT (25 %)
was significantly poorer than OS in 14 patients without a
mutation in PTPNII (64 %). In the present series, muta-
tions in PTPNII were detected in 15 patients (50 %),
and our results indicate a more favorable prognosis than
the previous studies, with an estimated S-year OS rate of
58.3 and 88.9 % for the patients with PTPNII mutation
and the patients without PTPNI] mutation, respectively
(P = 0.092). The results of the survival analyses, accord-
ing to mutation status, suggest that mutations in PTPNI]
have poor prognostic implications among Japanese JMML
patients, Although Yoshida et al. did not specify the con-
ditioning regimens that they used, the increased Survival
in our series may be attributable to the Bu/Flu/L-PAM
regimen.

In conclusion, our results indicate that non-irradiation
conditioning with Bu/Flu/L-PAM may achieve hemato-
logical and clinical remission in >50 % of JMML patients
when alternative donors (including cord blood) are used
for HSCT. In addition, this conditioning regimen appeared
to be effective for IMML patients with PTPN/] muta-
tion. However, additional efforts are needed to overcome
engraftment failure in cases of mismatched transplantation
and disease recurrence afier HSCT. Our group (the Com-
mittee of IMML-associated Japanese Pediatric Leukemia/
Lymphoma Study Group) has initiated a prospective HSCT
study to evaluate the Bu/Fiw/L.-PAM regimen with targeted
iv Bu and serial monitoring with chimerism analyses.
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