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Based on results of the univariate study (Table 1), multivariate
analysis was done with an adjustment for rclapse within 12 months
(vs. beyond), absence of HDC/SCT (vs. presence), Stage [HAV (vs.
VD), cell phenotype (Tcell vs, B), and age at diagnosis ( 10 years and
older vs. younger than 10). Histological immunophienotype lost its
significance (£ =0.25) as a prognostic factor, while relapse within
12 months and absence of HDC/SCT were found to be statistically
significant (Table ).

DISCUSSION

Alihough the prognosis of patients with LEL has heen greatly
improved. relapsed or primary refractory discase remains difficult to
cure. According to the Children's Cuncer Group's 5912 study, the

survival rete was 339 at 2 vears after rclapse for 68 patients with
non-Hodgkin lymphoma, including 26 LBL | 3. Nationwide sindies
performed in Austria (one patient survived among four relupsed/
progressed LBL) and Germany (4 patients survived among
29 progressive T-LBL) also show poor progaosis of yefraciory/
relapsed LBL [4.8]. In our present study. 3-year O8 43.2% was not
satisfactory. Therapy for these patients remains poorly defined.
Results of some studies snggest some roles of HDC/SCT for these
patients |4,8.9]. Results of the present study show u significant
huzard ratio for OS in absence of HDC/SCT. Altheugh some
selection bias might affect this retrospective study, it is interesting
thatitidentified the possibility of a hencfit of HDC/SCT for relapsed
LBL. For acule lymphoblastic leukemis, which shares some
characteristics with LBL. HDC/SCT reportedly results in longer
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Fig. 3. Kuoplan—-Mcicr cstimate of overall survival. The median
fullow-up period was 27.5 months.

leukemia-free survival when compared to outcomes of chemo-
therapy. especially for putients with poor prognoscs [10.11].
However, a CCG 1941 prospective study comparing chemotherapy
versas HDC/SCT showed no significant advantage for HDC/SCT
against chemotherapy for patients relapsing less than 12 months
after completion of primary therupy {12]. The UK R1 study also
showed that the related allograft was nol significently better
than chemotherapy. although there was a moderate EFS benefit.
especially in prtients with a short first remission [13]. In our study,
among 20 patients who relapsed within 12 months trom initial
dingnosis. 15 received HDC/SCT and 6 got CCR. The remaining
5 paticnts, all of whom had received chemotherapy. did not survive.

TABLE III. Analvsis of Variable Factors Against Overall Survival

Nevertheless, no significance for OS wis found baacen these
graups of putients (P =0.052),

Forrelapsed LBL patients, itis unknows w b of allogencic or
autologous is the better donor source. T reconi roporis deseribed
that allogeneic transplants engendercd fowor recumences but
had higher related mortality in LBL paricnis {1515 Burkhardt
reported that 1IDC followed by allogencie S0
beneficial effects in refractorv/relapsed cases o1 1= miphoblastic
lymphoma |8]. Although our study showed no ssgmiicant difference
of survival rates between aflogeneic and sutologous sroups cmong
all transplanted-paticnts, allogencic SCT resulivd i fow or relapses
and progressive diseases than autologous SCT & paticnls among
26 showed relapse or progression after allogencic tunsplaniation.
while 4 among 7 showed relapse or progression autologous
transplantation}. Recent progress in supportivé thorapy during the
SCT phase and adaptation to reduced intensity stem colliransplang
might reduce transplantation-related mortality and feuad 1o better
outcomes ] 16}

Among the eight patients with primary refractory disease. only
three achieved CR under ICE regimen or AML tvpe therapy. For
these patients, HDC/SCT was not a suitable salvage therapy. Six
patients received allogencic HDC/SCT ac sabvage therapy Among
them, only one patient who was on second relapse at the tme of this
analysis remained wlive: all other patients died of recurrence or
regimen-related toxicity. Three patients who showed progression
after both first and second line chemotherupy died within 6 months
from the imnal diagnosis. Among 10 panents who showed
progression ol the disease in spite of second line therapy after
relapse. only one pabent was alive after COBSCL. These
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expressty refractory patients require novel therapentic daents and
sfralegics.

Predictive factors of poor survival are important when selecting
paticats for a now experimental therapy. Our data show thar the
tinne 1o relapse has prognostic importance. A BFM group stady
of relapsed T-cell LBL (29 paticnts) showed thal age, gender, and
loculization of relapse had no prognostc value, which were same
findings of our study. In cuntrast, they reported that (he time of
relapse was not associated with the outceme [¥].

The outcomes of patients with relapsed/ primary refractery LBL
were not satisfactory. However, those whe respended o second
linc chemotherapy showed a respectable chance of survival. For
these patients, HDC/SCT was associated with good prognosis.
The relative rarity of refractory LBL patients highlights the need for
carefully designed clinical wials through multicenterfinternational
collaboration o answer issves of cfficient second line chemo-
therapy, prognostic [actors for these refraciery patienis, and SCT
cfficucy.
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Impact of the Methotrexate Administration Dose on the
Need for Intrathecal Treatment in Children and Adolescents
With Anaplastic Large-Cell Lymphoma: Results of a
Randomized Trial of the EICNHL Group

Laurence Brugiéres, Marie-Cécile Le Deley, Angelo Rosolen, Denise Williams, Keizo Horibe, Grazyna Wrobel,
Georg Mann, Jozsef Zsiros, Anne Uyttebroeck, Ildiko Marky, Lourence Lamant. and Alfred Reiter
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Purpose
To compare the efficacy and safety of 1wo methotrexate doses and administration schedules in
children with anaplestic large-cell lymphoma (ALCL).

Patients and Methods

This randomized trial for children with ALCL was based on the Non-Hodgkin's Lymphoma-Berlin-
Frankfurt-Muenster 90 (NHL-BFIMS0} study protocol and compared six courses of methotrexate 1 g/m?
over 24 hours and an intrathecal injection (IT) followed by folinic acid rescue at 42 hours (MTX1 arm) with
six courses of methotrexate 3 g/m? over 3 hours followed by folinic acid rescue at 24 hours without IT
(MTX3 arr). Tnis trial nvolved most European pedatricfymphora study groups and a Japanese group
Results

Overall, 352 patiants (96% ALK positive) were recruited between 1989 and 2005: 175 were
randomly essigned to the MTX1 arm, and 177 were assigned to the MTX3 arm. Ninety-two
percent of patients received protocol treatment. Median follow-up time is 3.7 years. Event-free
survival (EFS) curves were superimposed with 2-year EFS rates (73.6% and 74.5% in the MTX1
and MTX3 arms, respectively; hazard ratioc = 0.98; 91.76% Cl, 0.69 to 1.38}. Two-year overall
survival rates were 80.1% and 94.9% in MTX1 and MTX3, respectively. Only two CNS relapses
occurred (bath in the MTX1 arm) Toxicity was assessed after 2,050 courses and included grade
4 hematologic toxicity after 9% and 84% of MTX1 and MTX3 courses, raspectively (P < .0001);
infection zfter 50% and 32% of courses, respectively (P< Q001); and grade 3 to 4 stomatitis after
21% and B% of courses, respectively (P = 0001},

Conclusion

The results of the NHL-BFM30 study were reproduced in this igrge irternationsl trial. The
methctrexzate schedule of the NHL-BFM90 protocol including IT therapy can be safely replaced by
a less toxc schedule of methotrexate 2 g/m? in a 3-hour infusion without IT therapy

J Clin Oncol 27:887-903. @ 2009 by American Society of Clinice! Oncology

pact of the dose and mode of administration of
i methatrexate on the risk of systemic and CNS re-

Anaplastic large-cell lymphoma (ALCL} is a rare  lapses in ALCL patients is unclear.
disease in children.' Most European pediatric The Non-Hodgkin’s  Lymphoma-Berlin-
groups recommend a treatment with short-puise  Frankfurt-Muenster 90 { NHL-BFM90} pratocol® is
chemotherapy based on high-dose methotrexate,  one of the most attractive treatmens in ALCL asa

cyclophosphamide, vineristine, doxorubicin, and
corticosteroids,” * whereas in North America, ALCL
patients receive prolonged repeated pulse chemo-
therapy without high-dose methotrexate.” The
2-veur relapse rate is approximately 30% with most
of these regimens.” " Although the CNS relapse rate
is low in previous series of pediatric ALCL, most
groups still recommend CNS praphylaxis based on
high-dose methotrexate andfor an intrathecal ([T

infection of chemotherapy.”® ' However, the -

result of the guod results abtained interns of event-
free survival (EFS; 5-year EFS, 76%; 95% C1, 67% to
853¢) and the lower cumulative doses of drugs, such
as alkvlating agents, etoposide, and anthracyclines,
known w be associated with @ visk of long-term
taxicity compared with other pediatric and adult
protocols, In this protocel. methoirexete was ad-
minisiered a1 a dose of 0.5 g/m- in a 24-hour infu-
sion with IT," " whercas in studies by other pediatric
groups such as in Frapee or the United Kingdou,
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methotrexate was administered at a dose of 3 g/m” in a 3-hour infu-
sion, with no [T in the French protocol.

Because I'T injections impair the quality of life of patients during
treatment’' and may be associated with rare but major complications
such as myelopathy, arachnoiditis, or leukoencephalopathy,''* it was
decided to ascertain whether the results of the NHL-BFM80 protocol
would be maintained by substituting the standard treatment with IT
for a higher dose of methotrexate in a shorter infusion without IT.
This was the aim of this trial, which compares the efficacy and
satety of two methotrexate doses and administration schedules in
children with ALCL.

Study Design

This study was an international randomized trial comparing six courses
of methotrexate 1 g/m® over 24 hours and IT chemotherapy (MTX1 arm) with
six courses of methotrexate 3 g'm” over 3 hours without IT (MTX3 arm). The
main objective of this trial was to estimate the differences in EFS between the
MTX3 and the MTX1 arms. Additionally, high-risk patients (defined as pa-
tients with mediastinal and/or skin and/or visceral involvement) could enter a
second random assignment before the second course that tested the impact on
EFS of adding vinblastine during the five latter courses and then weekly for a
total duration of treatment of 1 year (vinblastine trial using a factorial design ).
Only the results of the first random assignment (methotrexate trial} are re-
ported here. Results of the second random assignment {vinhlastine trial) will
be the subject of a subsequent report.

Eligibility Criteria and Pretreatment Evaluation

This trial was conducted in 12 countries by 10 national or cooperative
groups including most Eurapean pediatrnic/lymphoma study groups and a
Tapanese group, Eligible candidates were patients with biopsy-proven ALCL
who were less than 22 years of age. Shides had 16 be available for a national
pathology review, Patients with isolated skin disease, completely resected stage
I disease, ar (ZNS involvement were not eligible for the trial. Additional exclu-
sion criteria were previous treatment, congenital immunodeficiency, ATDS,
previous organ transplantation, or previous malignancy. Written informed
consent had to be obtained. The local ethics committees approved the protocol
according to current legislation in each country.

The diagnosis of ALCL was based on morphologic and immunopheno-
tvpic criteriaand, if possible, on molecular criteria. Mandatory antibodies were
€130, CD15, EMA, ALK1, CD79a, CD20, CD3, CD43, and CD45RO. Slides
were reviewed nationally and by an international panel of pathologisis blinded
1o treatment allocation.

Pretreatment Evaluation

Patients underwent a physical examination, a full blood count and
biochenical profile, chest/abdomiral computed tomography and skeletal
scintigraphy, bone marrow aspirate smears and bone marrow biopsies,
cerebrospinal fluid cytospin examination, and hiopsy of all skin lesions.
Patients were staged according to the St Jude and Ann Arbor steging
systems, Patients were classified as high risk if they had al least one risk
factor, defined as the presence of skin and/or mediastinal and/or viscers!
involvemnent (defined as lung, liver, or spleen involvement), and as stan-
dard risk if they had no risk factors.

Treatment

Chemotherapy was based on the NHL-BFM%0 protocol.” All patients
received a 5-day prephasc followed by six alternating courses (A and B) ad-
ministered every 21 davs (Table 1). The methotrexate dose and administration
schedule in courses & and B were randomiy allocated before the first course
(course Al The duration of chemotherapy hetween the prephase and the sixth
¢ourse was 4 months,

B9 & 000 by Sniarcan Socwety o Conesl Qnecic

Table 1. Chemntherapy Doses and Schedule n Each Course

=
Course and Divg Dese and Scheduls

Prephese

Dexamethasone & mg/m® on deys 1 end 2; 10 mg/m?
ondays 3w 5

Cyclophosphamide 200 mg/r? on days 1 and 2
Iriple intrathacal njection Day *

Course A
Dexamethssone 10 mg/m< on days 1 to 5
Methotrexate Random assignmert” on day 1
Ifostemide BOO mg/m? on days 11c 5
Cytarabine 180 mg/m? x 2 on days 4 and 5
Etoposide 100 mg/m? on deys 4 and 5

Course B
Dexsmethssone 10 mg/m* on days 1 10 5
Methotrexzte Random sssignmert” on day 1
Cyclophosphamide 200 mg/m? on days 1105
Doxorubicin 25 mg/m? on days 4 and 5

*Arm MTX1 included methotrexate 1 g/m? in 24-hour infusion with triple
intrethecal ‘njection at day 1 and leucovorin rescue (18 mg/m2i 81 42, 48, and
54 hours. Arm MTX3 included methotrexate 3 g/m? in 3-hour infusion with no
intrathecal njection end leucovorin rescue {16 mg/m? every 8 houss) starting
et 24 hours and ending when the methotiexate jeve was < 0.15 um/L
Additionalty, high-risk patients coyld enter the second randomizec tria! beiore
the first course B (vinblastine trigl). which rendomly assigned patierts 1o
recaive or Not receive @ vinblasting injection (8 ma/m?) dwing the five latter
courses and then weekly for e total duration of tieatment of 1 year,

Response Criteria

Tumor response was evaluated after each conrse. A comprehensive eval-
uation had tobe performed ence all signs of disease had disappeared or no later
than after the sixth course. A complete remission was defined as the disappear-
ance of the disease for at Jeast 4 weeks, A residual Jesion at the end of treatment
was not considered a treatment failure if the residoal tumor vohime was less
than 30% of the initial tumor mass. Follow-up was performed every 2 to 4
manths for the first 3 yzars, every 6 months duriig years 4 and 5, and then
yearly. Relapses were 10 be confirmed by a biopsy

Randaom Assignment

QOverall, 175 centers participated in the trial. Random assignment was
balanced and stratified according to country and risk group (standard- v
high-risk group). Five different data centers managed the random assigniment.
A centralized randomization software was used in all five data centers exceptin
Italy, with a minimizatien program (France) or straufied random assignmaent
with permuted blocks of size four (Japan, Germany, and Sweden). In the
Italian data center, predefined suratified balanced random assignment lists
were used to allocate treatments.

Additionally, high-risk patients could enter a second random assign-
mient before the first course B ta receive or not receive vinbiastine. This second
random assignment was stratified according o country and to weaiment
aflovated by the first random assignment (factorial design .

Statistical Considerations

The pritnary end point was EFS, which was defined as the time from
random assignment to first failure {progression, relapse. secund malignancy,
or death or 1o the last follow-up visit for patients in {1rst conplete remission,
Secondary end points were overall survival (O8). complete remission, CNS
relapse. and acute toxicity.

QS rates were estimated from the date ol random assignment to the date
of death, whatever the cause, or the date of the last follea-up visit for patients
last seen alive. Survival rales (TFS and O8) were estimated using the Kaplan-
Meier method with Rethman's 95% Cls."* Medinn follow-up time was esti-
ilted using Schemper’s method.'®

Acute taxicity was assessed using the National Cancer bastitute Conminon
Taxicity Criteria, version 2.0." Grade 4 hematologic toxicitv and grade 3 or4
nonhematolegic toxicity were classified as severe toxicin.
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ALCLP9-R1 Trial

Patients assessed for eligibility (N = 487)

Randomized patients {n = 375)

I

Not randomized

Did not meet sligibility criteria {n = 76)
Risk group other then
standard or high risk
Freviously treated
Insufiicient dlagnosis criteria (n = 8}
Previous pethology

Refused ic pariicipete

Miscellaneous reasons

(n=112)

(n=40;
{n=23)

ih =5}
tn=121}
in=15)

Allocated 10 MTX1 arm (n = 187}

Exciuded because
reviewed as
nor-ALCL (n=12)

Major violation of protocol treatment {r = 2}
Major treatment modifications

due 1o toxicity in=2)

i
Median = 3.5 years (range, 1.2 to 7 4}
B9% patients > 2-year follow-up
1 patient lost 10 follow-up within 2 years

Allocatad 1o MTX3 arm (n = 188)

Major violation of protocol treztment (n = 2}
Major treatment modifications
aue to 1oxicity

Patients enelyzed {n=175) Fatients analyzed
Non-eligible patisnt
(CNS disease at study entry! {n=1}

Medien = 3.8 years {range, 1.1 10 7.1)
89% patienis > 2-year follow-up
1 patient lost to follow-up within 2 vears

—l Fig 1. Parcipant fliow CONSQORT diagram
ALCL, ansplastic large-cal iymprhioma

Excluded because
reviewed es
non-ALCL (n=11}

in= 177}

n=2)

The issue raised in this trial was formulated as a noninferiority ques-
ton in terms of EFS. Considering the factorial design of the trial, the
sample size was determined for the vinblastine trial to demonstrate a
reduction of the risk of events by adding vinblastine in high-risk patients. A
total of 204 high-risk patients were required for the vinblastine trial.
Assuming that the high-risk patients eligible for the vinblastine random
assignment accounted for 64% of those eligible for the methotrexate ran-
dom assignment, we expected to accrue 320 patients (204/0.64) onto the
methotrexate trial during accrual onto the vinblastine trial. Given the
expected sample size, it was recognized that a neninferiority conclusion
could never be proven. Therefore, we planned to enly provide Cls for
differences in FFS in the twa arms.

Planned Analysis

Three planned interim analyses were performed using Flemings plan '/
and discussed with the independent data monitoring committee (IDMC). The
present analysis, which 1s the final znalysis, was performed with a one-sided
P= 0412 The cutoif date of the present analysis was July 1. 2007.

The main analysis of EFS was to be performed on a medified intent-to-
treat population, excluding only the patients for whom the diagnosis of ALCL
had been rejected after review. Two secondary analvses were performed, one
with no exclusions and the second on a per-protoco) papulation thit exchuded
patients who were not efigible for random assignment, patients for whom the
diagniosis of ALCL had been rejected, and patients with 2 majer modification
ol the allocated treatment.

The hazard ratios {HRs) for events (EFS) end death (OS) and their Cle
were estimated using Cox models adjusted by the risk group (standard-
high-risk greup) and country and statitied by the trearmens atlocatzd ov
the second randem assignment (not randomly assigned. no vinblastin.
orvinblasting).

Prespecified secondary analyses. asing Cox models, weve performed to
studv variations in the treatment eifect according to the risk group. treatment

allocated by the second random assignment, and country. Heterogeneity in
treatment effects according to country was assessed considering patients from
Poland, Belgium, the Netherlands, and Sweden in aunigue stratum because of
a limited sample size in each of these countries, AD reported P values for
heterogeneity are twao sided.

Toxicity rates between the MTX 1 and MTX3 arms were compared using
mixed models controlling for the number of the course (Course 1 to 6) and the
adjunction or nat of vinblastine and considering the patient effect as a random
effect {repetitive courses per patient), Data were entered and checked with the
PIGAS software’ and analyzed with SAS software (version 8.2; SAS Institute.
Cary, NC).

Recruitment and Follow-Up

Between November 1999 and December 2015, 487 patients were
screcned for study entry. A total of 112 patients were not included in
the trial (Fig 1). Thus, 375 patients (91% of the 41| potentiatly eligible
pitients) were included.

A central review of the slides was performed for 358 195%4) of 375
patients. The diagnosis of ALCL was rejected in 23 patients. Conse-
quently, 352 patients were included in the main analysis; 175 were
assigned to the MTX1 arm. and 177 were assigned 1o the MTX3 arm.

Easeline Data

The meedian age at dizgnosis was i 10 years (range, 4 months
19.5 years). Baseline patient characteristics, overall and by treatment
group. are listed iy Table 2,
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Table 2. Perient Characteristics by Treatment Armn
All Patients
. . {N = 352)
No of Patignts in MTX1 Arm No. of Petients in MTX3 Arm
Charscterisiic {n = 176] {n=177] No %
Male 103 108 21 &0
Age yeers
=3 10 9 18 §
3-16 151 167 308 BB
> 18 14 11 28 7
Risk group
Standard sk 85 68 i33 38
High risk 108 109 218 62
CNS disease i o 1 03
“B" symptomns (MD, n = 2i 104 :x] 197 58
Site of diseese
Peripheral lymph node 150 158 208 BE
Mediastinal involvernent” 85 82 167 47
Lung iesion” 35 40 75 21
Liver involvementt 30 19 49 14
Spieen involvementt 29 25 64 18
Skin esiond 23 35 68 19
Soft tissue mass IMD, £ = 11 32 23 55 i6
Bone lesion (MD, n = 43) 21/154 371156 58/209 19
Bone marow invaivernsntt 28 14 42 12
St Jude stage
i 14 10 24 7
Z 29 7 6E 19
2 106 116 222 63
4 26 14 40 11
Ann Arpor stage
1 18 11 28 8
2 53 57 110 31
3 50 53 103 29
4 4 56 110 21
International Progrostic Index (MD, n = 73)
o 22 30 52 19
1 39 40 78 28
2 45 45 90 32
3 34 24 56 21
Rllocated treatment by the second random assignment
No vinblasting 49 51 100 28
Vinblastine 49 47 86 27
Not randomiy assgned in the R2 trial 77 78 156 44
Abbrevisiions MTX, methotrexate; VD, missing data.
‘Radiologic disgnesis by x-ray and/cr computed tomogrephy
iLiver and spleen were corsideted involved f palpable clincally cr enlarged on imegirg = B cm below the custal mergin or noduler o imsging
18kin involvement included biopsy-proven anaplastic lerge-cell 'yrphoma cutaneous irvolvement and canicaily diagniosed skin lesiong undouotedly related 1o
araplast ¢ large-cell lymphoma, with the exclusion of lesions iimited 1o the skin averlying en involved node or & soft tissue mass
£Bone rnarrow involvement was defined by the analysis of the bere marrcw smears and trephing, using morphologic o tere.

All 352 patients were positive for C130, 337 (96%) were positive
for ALK, and 305 (87%) expressed at least one T-cell marker. Accord-
ing o the WHO classification,'® which was available for 328 patients.
the distribution of the subrypes was as follows: common type
(n = 210, 649), lymphohistiocytic (n = 10, 3%}, small cell (n = 21.
6%), gian cell (n = 5, 1.5%}, mixed (n = 76, 23%), and Hodgkin’s-
like (n = 6, 1.8%).

Treatment

Cverall, 92% of the patients (162 patients in the MTX1 arm and
163 patents in the MTX3 arm) received protocol treatment of six
courses with the planned methotrexate dose according 16 randon,
400

i ZONE By Aracncon Socazne of Taewal Croalegy

assignment, A major protocol violation was observed in four patients
{two patients in both arms}; the treatment was significantly ruodified as a
result of toxicity in four additional patients (two patients in both arms).
These eight patients are included in the main analysis but were excluded
from the per-protocol analysis. A modification of the methotrexate dose
ur of the 1T inlection in less than three courses was also gbserved in
nine and 10 patients in the MTX1 and MTX3 arms, respectively.

Outcome and Follow-Up

Median follow-up time was 3.8 years from randorm assignment.
Only two patients were lost to follow-up. Discase disappeared com-
pletely from all initially involved sites in 309 (88%,) of 352 patients,

2 san o Univieal (o omg
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Among the 43 remaining patients, 14 experienced early progression
on treatrnent, one was not assessable because of an early change of
treatment, two died of treatment-related roxicity before achieving a
complete remission, and 26 presented with & residual abnormality
after the sixth course. Overall, 102 events were reported (treatment-
related death, n = 4: early progression, n = 14; and relapse, n = 84),
Seventy-three of the 84 relapses occurred during the first 2 vears after
random assignment. Progression and relapses occurred most fre-
quently at the site of the primary tumor (69%) and were associated or
not with new tumor site(s). Only two patients had a CNS relapseas the
first event. The 2-year EFS rate of the 352 patients was 74.1% (95% CJ,
69.2% to 78.4%).

Ovwerall, 32 deaths were reported (21 as a result of disease progres-
sion and 11 as a result of toxicity), including seven deaths after pro-
gression or relapse, The 2-year OS rare of the 352 parients was 92.5%
(¥5% CI, 89.3% to 94.8%).

Comparison of Cutcome Between Treatment Arms

The outcome resuits by treatment arm are listed in Table 3. There
was no significant differenice between the two randomized groups for
any of the main and secondary efficacy end points.

The complete remission rates were 89% and 87% in the MTX1
and MTX3 arms, respectively (difference = —29;91.769 C1, —8% 10
4%). As shown in Figure 2B, the EFS curves were superimposed, with
2-vear EFS rates of 73.7% and 74.5% in the MTX1 and MTX3 arms.
respectively. The 2-year EFS difference was +0.8% (91.76% C,
—7.3% to0 9.0%). The HR for events in the MTX3 arm compared with
the MTXI arm was 0.98 (91.76% CI, 0.69 to 1.38). This result was
similar when the strict intent-to-treat population (HR = 1.02;91.76%
Cl, .74 10 1.42) or the per-protocol population (HR = 1.02; 91.76%
Cl, 0.72 10 1.45) was considered.

There was nu signiticant heterogeneity in treatment effects in
terms of LTS according to country (P = .86), risk group (P = .15), or
the treatment allocated by the second random assignment (P = 41),
The 2-year (35 rates were 90.1% and 94.9% in the MTX1 and MTX3
arms, respectively (Fig 2C). The HR for death in the MTX3 arm
compared with the MTX1 arm was 0.67 (91.76% CJ, 0.36 t0 1.25).

Table 3. Outcome by Treatmer] Arm
No. of Pstients
MTXY Arnx MTX3 Arm
Cuteuine {n=175) n="77
Fesponse to cremotherapy
Complete remission® 166 154
Residual ebnormality 10 18
Progressive diseaze Bt &1
Not assessed 2 i
Ewvent 5 g1
Progrossicr or treatmem g1 61
Relzpes 2 47
Toxic death as first cvent i 3
CNS rezpse 2 [
Deatrg G &
thbrev stion: MTX, methorrexste.
0 FEMISS.0N Was weafance of isezse froee all
tvad sies lasting
2 eghi ard &ix patisnt 07 07 TIeaTmert ai

i £d es having progressive d srase Lnder tie Resoonse r-
2y heading. |

100 ng :
£ % -~ - ' -
T €01
=
& 90
=]
V3 204 Ovaerslt Survivel
=« Fvent-Free Survivai
0 6 12 18 24 30 36 4z 48 54 60
Time From Random Assignment (months)
No. patiente et risk
352 336 9 219 147 78
352 89 233 7 il £1
B
100 .
e S TIR———
g 60
s @
A 2 MTX 1 g/m? & IT
MTX 3 g/mé, no IT
) € 12 18 24 30 36 42 48 B4 €0
Time From Random Assignment {months)
Mo. patients ai risk
176 342 116 86 58 28
177 “47 7 BE 58 33
100 N By = .
- F - oy [ pp——
ol
= 60
=
2 40
=2 b x
w3 20 MTX 1 pini 41T
MTX 3 g/imé, no IT
5 6 12 18 24 30 3 42 48 54 60
Time From Random Assignment (months)
| No patisnts 21 tisk
178 166 141 105 68 K}
177 ki 160 1< 78 2
| Event-iree suivival (EFS) and overal! surviva (0S) of the whole study

B EFS by ueatment. (C) OS by veatment. MTX, methotrexaie

Toxicity

Toxicity results are listed in Table 4. Severe toxicity was reported
after 75% of courses and consisted mostly of grade 4 hematologic
toxicity (72% courses) and grade 3 to 4 mucositis (13%). These toxic-
ities were signsficantly more frequent after MTX1 courses than afier
MTX3 courses. The incidence of grade 3 to 4 infection was low (5%)
and comparable for bath types of courses. However, if all grades of
mfection are considered, the incidence was significamly higler
after MTX 1 courses (50%) compared with MTX3 courses (32%;
P < 0001). No severe complications related te the IT injections

were reported.

i this trial, to our knowledge the largest ever conducted in ALCL. we
observed thal the EFS curve fur patients trealed with chomotherapy
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Tabie 4. Acute Toxicity According to Treatment Az

Courses in MTX1 Arm (0 = 1,025)

Courses in MTX3 Arm (n = 1,028)"

No. of Courses No. of Courses

% of Courses

No. of Courses

No. of Courses

% of Courses

Repcrted Toxicity With Toxicity Evaiuated With Toxicity With Toxicity Evalueted With Toxicity Pt
i wynes, sil grades 297 1.025 87 41 1,025 82 Q02
Severa wXCity 816 1.C25 82 701 1.026 68 < 0001
Hematologic grade 4 toxicay 812 1.024 IE] 655 1,022 64 < 0o
Neutropenia 794 1,024 78 639 1,023 82 < D001
Anemia 83 1,024 8 50 1.023 5 08
Thrombocytopenia 215 1,024 n 123 1.021 12 = 0001
infecton
Grade 34 60 1,018 8 50 1,021 5 32
Al gredes 508 1,019 B0 331 1,021 32 < 0001
Other grade 34 1oxicity 326 1,026 32 168 1.025 18 < 000%
Stomatitis 210 1.021 21 59 1.023 ] < 0001
Liver toxicity 128 955 13 a7 977 10 06
iscellanecus 73 1.025 7 58 1,026 5 13

Abbreviation: MTX methotrexate

patient effect as a random effect (repetitive courses par patientl.

‘Dezailec inforrist.on on all courses (A end B and toxicity observed efter the cuurses was eveilable for 2l patients except for one patent on the MTX3 arm.
1P va ue of the test comparing the toxicity réte between the two treéetment groups by the mesns of rixed models controfling for the number of the course lcourse
1 1¢ 6), the adiuncuion or not of vinbiastine (treatment aliocated by the second rendom assignment), the type of course (A v B), and the courtry, considering the

based on the NHL-BEMY0 protocol with methotrexate at 3 g/im” in a
3-hour infusion without 1T was superimposable on the EFS curve for
patients treated with the sanme regimen hut with methomrexate at |
g/m” in a 24-hour infusion with I'T, However, toxicity was significantly
reduced in the MTX3 arm.

Conducting such a trial in this rare disease was only passible
through the collaboration of European cooperative groups and a
Japanese group. The external validity of this study is guite robust
because, in all participating groups, most patients with childhood
ALCL diagnosed between 1999 and 2006 were screened for trial
entry with a random assignment rate of 91% among patients
eligible for this trial. Furthermore, initial patient characteristics are
those of the target population, as expected {rom previous reports,”™
The slices of the majority of patients were centrally reviewed. and the
diagnosis of ALCL was rejected in only a sinall number of patients {23
of 358 patients).

The results of the NHL-BFM90 study” were reproduced in this
international study. The 2-year EFS rate of 74% obtained for the
whole trial population compares (avorably with the results of pre-
vious reports on childhood ALCL %"

Although the EFS curves were superimposed, equivalence of the
two arms in terms of EFS could not be statistically proven because of
the limited number of patients. A total of 2,200 patients would have
been required to prove noninferiority of MTX3 compared with
MTX1, considering a 3% decrease in the 2-year EFS rate as the maxi-
mum allowable difference {limit HR = 1.23). Nevertheless, we were
able to exclude the possibility that 2-year EFS of patients treated with
MTX3 might be decreased by more than 7.3% compared with the EFS
of patients treated with MTX1 with 95% confidence.

We demonstrated that the treatment in the MTX3 arm caused
less hematologic and gut toxicity than the treatment in the MTX1 arm
despite a higher dose of methotrexate. Decreased toxicity related to a
shortened infusion of methotrexare has already heen observed by the
BEM group in the NHL-BFM95 study comparing methotrexate in a
4-hour infusion with methotrexate ina 24-how infusion in childhood
307 & 200E e &

cmnzar SesiT.

5t Timenst One onoge

B-cell non-Hodgkin’s ymiphoma,”" In the present study, the interval
between the end of the MTX infusion and folinic acid rescue was
reduced in the short infusion arm. Therefore, the higher toxicity rate
observed in the MTX1 arm may be a result of longer exposure to
methotrexate as well as the delayed rescue.

1n this study, only two patients had a CNS relapse asa first event.
The low incidence of CNS relapses in ALCL has been evidenced in a
number of previous reports in children™***1%2%2* ang adujrs >
However, most pediatric groups still recommend minimal CNS pro-
phylaxis based either on high-dose methotrexate or on IT injections.
Tn previous studies, the 3 g/m” dose of methotrexate in & 3-hour
infusion was shown to provide potentially cytotoxic concentrations of
the drug in CSF for several hours after the infusion.” The present
study confirms that replacing methotrexate | g/m* in a 24-hour infu-
sion plus an IT injection with methotrexate 3 g/m” in a 3-hour infu-
sion is not associated with any excess CNS relapses in ALCL.
Furthermore, the omission of triple 1T therapy and the reduction in
toxicityin the MTX3 arm should contribute to an improvement in the
quality of life of the patients during treatment. Although toxicity was
recdluced in the MTX3 arm, this regimen still induces substantial acute
toxicity. However, the low total doses of anthracyclines (150 mg/m®
of doxorubicin) and alkylating agents (3.4 g/m® of cyclophospha-
mide and 12 g/m” of ifosfamide) in this regimen should avoid long-
term complications.

Nevertheless, it is diffhicult to assess the exact role of high-dose
methotrexate in the treatment of childhood ALCL. The results ob-
tained in pediatric ALCL by the Pediatric Oncology Group,® with
protocols based on doxorubicin, prednisone. and vincristine chemo-
therapy plus tripie IT injections but without high-dose methotrexate,
or in adults by several cooperative gronips with the cyclophosphamide,
daoxarubicin, vineristine, and prednisone regimen are similar to those
of our study.™ These protocols are ussociated with less acute toxicity
than the ones described in this study. However. the cumulative doses
ofanthracyclines and/or alkylating agents are significantly higher than
thuse in the ALCLS9 protocol and. therefore, may iead 1o long-term

il BSRAl UF LINIE AR LINOOL0eT,

Copyright € 2009 by the American Society of Clinical Oncology. All rights reserved



adverse effects. Further trials are needed to assess whether methotrex-
ate can be safely omitted from a short intensive treatment similar 1o
the ALCL99 regimen for some subgroups of patients.

The author(s) indicated no potential conflicts of interest.
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Abstract Most previous studies of graft-versus-host dis-
ease (GVHD) prophylaxis with methotrexate (MTX) alone in
patients undergoing HLA-identical sibling donor bone mar-
row transplantation were performed in adults. With this
background, we attempted to analyze the incidence and risk
factors of GVHD in bone marrow transplantation (BMT)
from an HLA-identical sibling donor in children with hema-
tological malignancies using MTX alone as a prophylaxis for
GVHD. Ninety-four patients received MTX by intravenous
bolus injection, with a dose of 15 mg/m” on day + 1. followed
by 10 mg/m* on days +3, 46, and + | 1. and then weekly until
day +6(). The probability of developing grade II-1V acule
GVHD and chronic GVHD was 19.1 and 31 .8%. respectively.
Age at transplantation and a female donor to male recipient
were identified as risk factors for chronic GVHD in multi-
variate analysis, but no factors were identified for acute
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GVHD. The cumulative incidence of transplant-related
mortality during the first 100 days was 9.6%. Disease-tree
survival at 5 vears for standard- and high-risk patients was
82.1 and 39.5%. respectively. These results suggest that
GVHD prophylaxis with MTX alone is safe and elfective in
young children under 10 years old at transplantation and in a
setting other than female donor 10 male recipient.

Keywords HLA-identical sibling donor
GVHD prophylaxis - Methotrexate alone

1 Introduction

Allogeneic bone marrow transplantation (BMT) is an
effective treatment [or patients with hematologic malig-
nancies. bone marrow failure syndromes. and congenital
disorders of the lymphohematopoietic system. The trans-
plant outcome depends on the severity of complications
such us graft failure. infection, graft-versus-host disease
(GVHD). organ damage. and the disease stage GVHD is a
major complication of allogeneic BMT that results in sig-
nificant morbidity and mortality. It occurs, despite
prophylaxis, in 30-50% of patients undergoing transplan-
tation from HLA-identical sibling donors [1] and in 50—
80% of patients with transplants from HLA-matched
unrelated donors [2]. Previous studies have shown that the
combination of cyclosporine-A (CyA) and four doses of
methotrexate (MTX) is more effective than either agent
alone in the prevention of GVIID [1]. Thus, a regimen
including CyA or FK3506 plus short-term MTX (sMTX)
was established in adults, even for unrelated donors [3. 4].
Although several investigators have reported data [rom
multicenter randomized clinical wials to evaluale the
effectiveness of GVHD prophylaxis regimens i adults.
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few data are available for pediatric patients, who usually
show a lower incidence and less severe GVHD than adult
patients. Ringden et al. [1] reported that the probability of
developing acute GVHD did not differ between single or
combined prophylaxis regimens in a pediatric population,
and Locatelli et al. [5] reported that the incidence of
GVHD in childhood was low compared to that in adults.
Furthermore, Bacigalupo et al. [6] demonstrated in a ran-
domized trial involving adults that GVHD prophylaxis with
low-dose CyA (1 mg/kg per day) decreases the risk of
relapse more than a higher dosc (5 mg/kg per day), pos-
sibly because of a graft-versus-leukemia (GVL) effect.
However, there is still a lack of data on pediatric patients,
who usually show a different incidence and severity of
GVHD than adult patients. Locatelli et al. confirmed that
the use of low-dose CyA (1 mg/kg per day) led to a more
favorable survival rate than regular-dose CyA (3 mg/kg per
day) as a single prophylactic agent in pediatric patients [7].
However, in their report, almost all patients showed stan-
dard features, including acute lcukemia in first or second
complete remission (CR).

Herein, we report the effectiveness of MTX as a singlc
agent for GVHD prophylaxis in 94 pediatric patients with
hematological malignancies who underwent BMT from
HLA-identical sibling donors including high-risk features.
We also retrospectively analyzed the risk [aclors and
incidence of GVHD.

2 Patients and methods
2.1 Patient characteristics

Ninety-four patients, aged 1-15 (median: 8 years old)
received transplantations from HLA-identical sibling
donors at the Japanese Red Cross Nagoya First Hospital
between 1984 and 2000. The clinical characteristics of the
paticnts arc shown in Table 1.

All patients received MTX alone for GVHD prophylaxis.
Patients were classified as having standard- or high-risk
disease based on previously described criteria [8, 9]. Briefly.
patients were categorized as standard-risk cases if they had
acute lymphoblastic leukemia (ALL}) in first or second
complete remission (CR), acute myelogeneous leukemia
(AML) in first CR, chronic myelogenous leukemia (CML)
in the first chronic phase (CP), or malignant Jymphoma in
first CR. The other 38 patients, including those who
received a second transplantation (five cases), were cate-
gorized as high-risk cascs. Chromosomal abnormalities
classified as standard risk included ALL with translocations
of 9:22 (three cases) and 1123 (three cases), as well as
AML with translocations 8;21 (six cases) and 1517 (two
cases). ALL patients with 9;22 (four cases) and 1123 (two
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Table 1 Patient and donor characteristics

Patients n =294 b
Sex A Female 43 45.17
Male 51 54.3
Age, median 8 (1-15)
{rhge) <10 56 50.6
=10 38 40.4
Disease ALL 42 447
CR1-2 27
CR3-5
Relapse 12
AML 35 37.2
CRI 23
CR2 5
Relapse 7
AUL 4 4.3
CRI 2
Relapse 2
CML 3 2
CP1 2
BP i
ML 5 53
CRI 3
Relapse 2
MDS 5 53
Risk” Standard risk 56 59.6
High risk 38 404
Time at SCT First 89 94.5
Second 3 5.5
Conditioning TBI 30 32
Non-TBI 64 68
Post-BMT Nonc 43 457
growth factor G-CSF 51 54.3
Donors Age 0 (1-21)
Donor sex Female 45 47.9
Male 49 524
Donor/patient sex FuF 24 25.5
FtoM 21 22
MiwoF 19 20.2
MwM 30 31.9
ABO blood group Compatible 63 67
Minor mismatch 10 10.6
Major mismatch 12 12.8°
Major and minor 9 9.6
mismatch

ALL acute lymphoblastic leukemia, CR complete remission. AML
acute myelogeneous leukemia, AUL acule unclassified levkemia,
CML chronic myelocytic leukemia, CF chronic phase. BFP blastic
phase, ML malignant lymphoma, MDS myelodysplastic syndrome,
SCT stem cell transplantation, TB/ total body imadiation”standard
risk; ALL CR1 or —2, AML CR1, AUL CRI. ML CR1. CML CPL.
high risk: others

2 Siandard risk; ALL CR1 or —2, AML CRL. AUL CR}. ML CRIL.
CML CP1, high risk: others
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cases) were included as high-risk patients because they
received BMT at relapse. As of December 2005, the median
follow-up duration was 161 (66-249) months. HLA typing
of the donors and recipients was performed by serology.
Previous chemotherapy regimens varied because the
patients were treated at their referring institutions.

2.2 Pretransplant preparative regimens

The conditioning regimens are described in Table 1.
Thiry-two patients received a preparative regimen con-
sisting of busulfan (4 mg/kg per day x 4 days) and
melphalan (LPAM) (180-210 mg/m®). and 32 patients
reccived busulfan (4 mg/kg per day = 2 days) in addition
to LPAM + TBI (]12-13.2 Gy). Thirty patients received
other TBl-based regimens. such as cytarabine (CA)
(4-6 g/m* per day x 2 days)/eyclophosphamide (CY)
(60 mg/kg  per day x 2 days)/TBI, CY/TRI, thiotepa
(TEPA) (800 mg/m*)/TBI, TEPA/CY/TBl. LPAM/TBI.
and VP-16 (60 mg/kg per day)/LPAM/TBI.

2.3 Prophvlaxis and treatment of GVHD

Al patients received MTX alone as GVHD prophylaxis,
MTX was scheduled (o be given intravenously as a holus
injection at a dose of 15 mg/m’ on day | ). followed by
10 mg/m” on days +3. 4+6. and +11, and then weekly unti)
day +60. shorter than the Seattle protocol [10). Folinic acid
wits given at 3 mg orally in divided doses on the next day
of MTX injection to prevent mucosilis caused by MTX.
When patients developed acute GVHD of arade 11 or more,
and extensive-type chronic GVHD. steroid therapy was
started. If patients showed no improvement, CyA was
added, according to the physician's assessment.

Acute GVHD was evaluated on an individual basis
according to the standard criteria by Glucksherg [10].
Chronic GVHD was assessed as either limited or extensive,
based on clinical and/or histological findings. as described
by Glucksberg and Shulman. respectively [10, 11]. Mu-
cositis and liver dysfunction were graded using the
National Cancer Institute Common Toxicity Criteria (NCIL-
CTC). Interstitial pneumonia was diagnosed based on the
clinical condition and computed tomography. IT patients
developed mucosal toxicity. liver/renal dysfunction, and
interstitial pneumonia. the dose of MTX was withheld, ar
the physician’s discretion.

2.4 Engraftment

Engraftment of neutrophils and platelets was defined as the
first of three consecutive days with an absolute neutrophil
count (ANC) >0.5 » 10”1 and unsupported platelet count
>50 x 10%1.

2.5 Statistical analysis

Acute and chronic GVHD. overall survival, disease-free
survival (DES). rate of relapse of malignant discascs, and
transplant-related mortality (TRM) were assessed using the
cumulative incidence and Kaplan-Meier product limit
estimates. Sigpificance between patient populations was
tested using the log-rank test. In DFS analysis. both relapse
and death in remission due to any cause were considered
events. whereas. in relapse rate analysis. only disease
relapse was considered as failure. In TRM analysis, all
deaths not due (o disease relapse were considered events.
Risk factors of acute and chronic GVHD were analyzed
using Cox proportional hazard analysis. Children showing
sustained donor engraftiment and surviving for more than
21 days and move than 100 days after the transplant were
assessable for the occurrence and severity of acute and
chronic GVHD. respectively. Factors that appeared o be
predictive of developing grade I1-IV acute GYHD and
chronic GVHD m univariate analysis (P < 0.10) were
considered for inclusion in muliivariate Cox regression
models. The Tikelihood ratio test was used to determine
whelher variables should be added or dropped from the
multivariate model. The STATA package (STATACORP
LLP. College Station. TX. USA) was used for dala analysis.

3 Results
3.1 Engraftment

The median amount of infused marrow-nucleated cell dose
was 4.0 x 10%kg (range: 0.98-7.2 x 10%kg). and 92
patienrs (98%) showed neutrophil engraftment at a median
of 17 days (range: 10-40). and 67 patients (71%) exhibited
platelet engraftment at a median of 35 days. In patients
receiving granulocyte colony-stimulating factor (G-CSF)
after BMT. neutrophil engrafiment was confirmed at
15 days. and that without G-CSF was confirmed at 20 days
(F < 0.01). Three parients died before neutrophil cngraft-
ment of hepatic veno-occlusive disease (VOD) or invasive
fungal infection with bacterial pneumeonia, and 28 patients
died prior to platelet engrafrment.

32 Acute GVHD

In 91 evaluable patients. 30 (33%) developed grade 1-1V
acute GVHD. The cumulalive incidence of grades -1V
and 111V acute GVHD was 19.8 and 11%, respectively
(Fig. 1. For 18 palients who developed acure GVHD
(grade =1I), MTX was replaced with prednisolone for the
teatment of acute GVHD. CyA was udded in |1 patients to
treat GVHD. and ATG (anti-thymocyte globulin) was
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Fig. 1 Cumulative incidence of acute and chronic GVHD. Upper and
lenver panels show the cumulative incidence of acute and chronic
GVHD. respectively

given o four patients. Although the data are not shown, no
risk factors for the development of grade II-TV acute
GVHD were identified in univariate analysis.

3.3 Chronic GVHD

Although GVHD at 100 days or later after transplantation
is defined as chronic GVHD by the classical criteria [10].
typical elinical and histological features of chronic GVHD
could occur as early as 40 days post-transplantation. In our
study. 27 of 85 assessable patients (31.8%) developed
limited (seven patients) or extensive (20 patients) chronic
GVHD (Fig. 13, and ten of 27 patients with ¢GVHD
stopped receiving MTX. Sixteen of 27 patients developed
¢GVHD before 100 days after transplantation. including 11
patients diagnosed by histological examination and five
patients wirth diagnostic signs based on the National Insu-
1tes of Health (NIH) consensus criteria [12]. On univariate

<] Springer

Table 2 Univyriate znalysis of potentinl risk factors for chronic
GVHD

Factor RR 95% CJ P value
Sex

Mule 1.00

Female 1.12 0.53-2.38 0.77
Patiem age iyears)

<10 .00

=10 2.5 113 -5.24 0.02
Risk

Standard risk 1.00

High risk 1.71 0.80-3.66 0.17
Condiioning

TBI + 1.00

TBI - .94 0.43-2.05 .88
Busulfan + 1.00

Busulfan - 0.86 0.38-1.97 0,73
Donors uge

=10 1.00 )
=10 1.14 0.54-2.43 .73
Donor sex

Male 1.00 0.26
Female 1.55 0.73-3.32 n.02
Daonor/patient sex

MioM 1.00

FioF 1.80 0.48-6.70 0.38
MtoF 299 0.90-9.93 0.07
FloM 387 1.21-12.34 .02
ABO blood group

Compatible 1.00

Mismarch 1.12 0.51-2.45 0.77

RR indicates relative risk. CI confidence inlerval

analysis. an older patient age (=10 years old) and female
donor o male recipient were significantly associated with
the risk of developing chronic GVHD (Table 2). Even in
multivariate analysis. these two factors were identified as
significant risk factors for chronic GVHD. and female
donor to male recipient was the most significant predictive
factor in different pairs of scx combinations (Table 3).

3.4 Compliance and toxicity of MTX administration

Twenty-three patients stopped receiving MTX by day —00.
with a median of day +25 (range: 1-46). and a median of
six doses (range: 1-91. The reasons for MTX discontinu-
ation were the treatment of acute GVHD inine patients)
liver dysfunction (ten patients, including six patients with
VOD and four patients with abnormal liver function test
(grade 3 NCI-CTC)). two with respiratory failure. and two
early deaihs with severe infection. No patients stopped
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Table 3 Multivariate analysis of potemial visk [actors Lor chronie Disease free survivel
GVHD L 1 L 1 1 v L 1 2 i i 1

1 (A) I
Factor RR 95% Cl P value i

B e L e R S 8.%_1_0.:..

Patient age (years) <(.001 .87 I
<10 1.00
=10 3.00 1.4D-6.84 a4 ! -
Donor/patien! sex <0.001 \ . %
M to M 1.00 = : 1
Efo¥ 1.55 0.42 580 0.51
M F 332 0.99-11.08 0.08 ] i
FioM 4.80 1.48-15.57 <).001

0 L

T T T > d T LEEES | T T T

receiving MTX because of grade IV mucositis of NCI- 0 1000 2000 2000 4000 SN0C €00D POCO 80O
CTC. For these patients who stopped receiving MTX Relapse rate
before day +60, prednisolone was started. The risk lactors . : : — = ' '
for MTX discontinuation were acute GVHD (>grade 2) 3 (B)r
and second stem cell transplantation (SCT) (dara not ]
shown). Eighteen of 23 patients who stopped receiving ) i
MTX survived [or more than 100 days after transplanta-
tion, and ten of 18 patients developed chronic GVIID. & i
Thirteen patients (14.8%) developed interstitial pneumo-
nia, and five of 13 patients died of respiratory failure (two Gl 38 8% L
cases) or other reasons (lhree cases).
3.5 Relapse and survival 47 ‘______________jjﬁff I
The relapse rate for all patients was 22¢%, with a median of 7 I

5.73 months (range: 0.87-137). The relapse rates of stan-
dard-risk (SR) and high-risk (HR) patients were 11.6 and
36.8%, respectively, which were significant (P = 0.002)
(Fig. 2).

The rate of transplant-related mortality (TRM) was 7.1
and 27.5% in SR and 1R patients. respectively (P = 0.01).

CCavses of death are listed in Table 4. Relapse was the
most frequent cause of death. After relapse. respiratory
failure (e.g., interstitial pneumonia, bronchiolilis obliter-
ans) was the major cause of death. The probability of
transplant-related mortality was 14.4% for all patients, and
that of early (<]O0 days) TRM was 9.6%. The risk of
transplant-related mortality was significantly greater in HR
patients (TRM: 27.5%, early TRM: 18.4%) compared to
SR patients (all TRM: 7.1%. early TRM: 3.6%)
(P = 0.01). Disease-free survival (DFS) for all patients
was 64.9% al 5 years, and was significantly higher in SR
(82.1%) compared to HR (39.5%) patients (P = 0.001)
(Fig. 2).

Stratifying the risk of disease, we analyzed the GVL
effect with or without ¢cGVHD. In fact. the relapse rate for
SR pauents with ¢cGVHD was 6.7% compared with the
14.1% observed in patients without ¢cGVHD (P = 0.52).
For HR patients. the development of ¢GVHD was

T T v T T T M T T T T T T T
0 1000 2000 2000 4000 5000 000 7000 €000
Daysafter transplantation
.......... SR HR

Fig. 2 a Disease-[ree survival. b Cumulative incidence of relapse.
Standard-risk (SR) patients (discontinons liie). high-risk (HR)
patients {consinuens line)

Table 4 Cause of death

Cause
(v =132)

Relapse 1
Rejection

Inrerstitial pneumonitis
Obstructive bronchiolitis
Infection

Acule GYHD

Veno occlusive disease

CNS (oxicity

R T ]

associated with a lower relapse rate (23%) (hun that of
patients without cGVHD (47.4%). even though this was nol
significant (P = 0.15). In the same way, no significant
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Fig. 3 Disease-free survival in patients with (a) acute myelogenous
leukemia (AML) and (b) acute lymphoblastic leukemia (ALL).
Standard-risk (SR) patients (discontinuens line). high-risk (HR)
patients (continuous line)

difTerence was observed for DES between patients with or
without ¢cGVHD (64.2 vs. 66.7%, respectively. P = NS).
Meanwhile, stratifying the (ype of diseuse. DFS in AML
patients was 91.3% in SR and 41.7% in HR patients. and
the relapse rate was 4.3 and 41.7%, respectively. In ALL
paticnts, DFS was 73.1% in SR and 25% in HR paticnts,
and the relapse rate was 16 and 50%, respectively (Fig. 3).

4 Discussion
In this study, we analyzed the probability and risk factors

of GVHD using MTX monotherapy as a prophylaxis in
HI.A-matched sibling hone marrow iransplantation for
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patients with hematological malignancies. In previous
studies. the incidence of GVHD using MTX as a prophy-
Jaxis was 48-53% for grade 11-1V acute GVHD and 9-36%
for chronic GVHD [1. 13]. In 4 rundomized study of
patients with leukemia, the incidence and severity of acute
GVHD was lower in patients receiving CyA + MTX than
in those with CyA monotherupy [14]. Furthermore, com-
pared with MTX alone. CyA was associated with lower
rates of interstitial pneumonia. treatment-related mortality.
and treatment failure [1]. However. these studies were
exclusively performed in adult populations. and few reports
have described the incidence and severity of GVHD using
MTX monotherapy as a prophylaxis in a pediatric popu-
lation. Aschan et al. [15]. demonstrated that MTX
combined with CyA increases leukemic relapse compared
to monotherapy, even though it decreases GVHD. and the
GVL effect is supported by smdies that improved leuke-
mia-free survival in adults with AML who had acute or
chronic GVHD [16]. Based on previous experience. the
risk of GVHD in a pediatric population has been consid-
ered to be lower than that in adults. and an older patient age
is a risk factor for the development of GVHD [17]. For the
above reasons. a single agent could be sufficient for the
prevention of GVHD in pedianic patients. Koga et al. [8]
reported no significant difference in the incidence of acute
GVHD (grades II-1V) or any type of chronic GVHD
between patients who received MTX or CyA (28.3 vs. 34%
for acute GVHD and 19 vs. 20% for chronic GVHD.
respectively).

In this study, we reporled the feasibility of GVHD
prophylaxis with MTX alone in 94 pediatric patients with
hematological malignancies. Although the incidence of
chronic GVHD was comparable with previous studies. the
incidence of acute GVHD using MTX alone as a prophy-
laxis was lower in our study. This reason could he due 10
the genetic homogeneity of Japanese [9]. The relupse rate
was 11.6% in standard-risk and 36.8% in high-risk patienis.
In the standard-risk setting. this result was superior to other
reports [6, 7. 13). The survival rate of all patienls was
64.9%. which is also comparable Lo previous reports {7. 18.
19]. Especially. in standard-risk patients with AML, the
DFS rate was higher than in previous reports [19. 201,
Neudorf et al. [19] reported the results of allogeneic hone
marrow transplantation for children with AML in first CR
using MTX alonc as GVHD prophylaxis. The patients
received 4 x 4 mg/kg of busulfan and 50 mg/kg x 4 of
cyclophosphamide as a conditioning regimen and MTX
alone as GVHD prophylaxis until day 100. In their study,
the incidence of chronic GVHD, overall survival. and DFS
rates were 21. 67, and 57%. respectively. In our study.
AML patients received MTX unul day 60 as GVHD pro-
phylaxis, and the incidence of chronic GVHD in our
patients was relatively higher (31%). hut rhe 91% DFS rate
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and 4.3% relapse rate in SR patients were superior (v those
of previous reports. Similarly to what Matsuyama et al,
reported previously, almost all of our patients received
busultan (4 mg/kg per day x 4 days) and melphalan
(LPAM) (180210 mg/m®) as a conditioning regimen [21].
Probably. our results arc dependent on the graft-versus-
leukemia effect and eradication of leukemic cells by
melphalan.

Based on karyetypic analysis at diagnosis, AML patients
with translocations 8;21 and 15:17 are classified as having
a favorable risk. Slovak et al. [22] observed superior
overall survival aller transplantation compared ro chemo-
therapy among AML patients showing favorable
chromosomal abnormalities. Coanversely. Schlenk et al.
23] observed no difference betwcen allogeneic stem cell
transplantation (SCT) and intensive chemotherapy for this
group of AML paticnts. Indeed. our current practice does
not suggest that AML with an abnormal karyolype of
t(8;21) and 1(15:17) is an indication for sibling donor SCT
in the first remission. However. in our study, among AML
patients without these [avorable abnormal karyotypes, DFS
was 93% in standard-risk and 41.7% in high-risk patients
(data not shown).

Although Horeowitz et al. [24] reported the direct
antileukemic effect of MTX on relapse after transplantation
for ALL. in our study, DFS for standard-risk ALL patients
was not superior to that of AML patients. The reasons may
be thal, in our study, more AML patiems received trans-
plantation at first CR and the graft-versus-leukemia effect
might occur more preferentially in AML patients [25).

Although one of the major toxicities of MTX is muco-
sitis. it was not a reason for MTX cessation in this study.
The major reason for its cessation was liver dysfunction
hecause of GVHD or VOD, and predictive factors of MTX
cessation were the development of acute GVHD (> grade
1) and second (ransplantation. Ringden et al. [1] reported
that MTX was associated with increased rate of interstitial
pneumonia, treatment-related mortality, and treaument
failure. compared with CyA in adult patients. However, in
ouwr study, the incidence of interstitial pneumonia was
14.8%. being lower than in previous repons [1, 24].

In the search for predictive fuctors of GVHD develop-
ment. patient age and female donor 1o male recipient were
found to be significant for the development of chronic
GVHD. but no risk factors for acute GVHD were identi-
fied. Neudorf et al. |19] demonstrated that children older
than 10 years are at a higher risk for developing severe
acute GVHD, and others reported that age at transplanta-
tion and female donor to male recipient were risk factors
for chronic GVHD in adult and pediatric populations |26).
Although Kollman et al. |27] demonstrated that donor age
was a significant risk factor for GVHD, we did not docu-
ment donor age as a risk factor of GVHD. Although the

data are not shown, patient age and female donor to male
recipient were also significant risk factors for extensive
chronic GVHD. In this study, the association of acute and
chronic GVIID with a reduced risk of relapse was nol
documented. along with the association with overall sur-
vival, for patents with each high- or standard-risk
malignancy. In the future. in addition to MTX. calcineurin
inhibitors should be considered for patients undergoing
bone marrow transplantation from an HLA-identical sib-
ling in the setting of patients aged over 10 years old and a
female donor 10 male recipient.

In this study. we reported the results of BMT from HLA-
identical sibling donors in 94 pediatric patients with
hematological malignancies using MTX alone as GVHD
prophylaxis. and the relapse rate. OS, und DFS were found
to be favorable compared to previous reports. In conclu-
sion. we consider that the use of MTX alone is feasible to
prevent severe acuie GVHD and may reduce the risk of
leukemia recurrence. possibly because of an enhanced
GVL effect in the pediatric population, although the inci-
dence of chronic GVHD was comparable to previous
reports. In the future. a randomized control study should be
considered to document the availability of MTX alone as
CVHD prophylaxis in pediatric palients with hematologi-
cal malignancies.

Acknowledgments This work was supported by a grant from the .
Ministry of Health. T.ahour, and Welfare of Jasan, Tokyo.

References

I. Ringden O. Horowitz MM. Soundel P. et al. Methotrexate.
cyclosporine, or bolh w prevent grafl-versus-host disease after
HLA-identical sibling bone marrow transplants for early leuke-
mia? Bloud. 1993;81:1094~101.

. Nash RA. Antin JH. Karanes C. el al. Phuse 3 study comparing
methorrexate and racrolimus with methotrexate and eyclosporine
for prophylaxis of acute grafi-versus-host discase after marrow
transplantation from enrelated donors. Blood. 2000;96:2062-8.

A, Ringden O, Klgesson S. Sundberg B. et al. Decreased incidence
of grafl-versus-host disease and improved survival with metho-
frexate combined with eyelosporin compared with monotherupy
in recipients of bene muamow from donors other than HLA
identica) siblings. Bone Marrow Transplant. 1992:9:19-25.

4. Przepiorka D. Ippoliti C. Khouri I et al. Tacrolimus and minidose
methiotrexale for prevention of acute grafi-versus-host disease
after matched unrelated donor marrow transplantation. Blood.
1996:88:4383-9.

5. Locatelli F. Uderzo C. Dini G. et al. Graft-versus-host disease in
children: the ATEOP-BMT Group cxperience with cyclosporin A,
Bone Muarrow Transplant. 1993:12:627-33.

6. Bacigulupo A. Van Lint MT, Occhini D, et al. Increased risk of
leukemia relupse with high-dose cyclosporine A afier allogeneic
mairow  transplantation for acute leukemia. Bloud. 1991:77:
1423-8,

7. Locaeli F. Zecca M. Rondelli R. et ul. Graft versus host disease
prophylaxis with low-dose cyclosporine-A reduces the risk of
relapse i children with acute leukemia given HLA-identical

[55]

@ Springer



582

N. Wartanabe et al.

10.

11.

sibling bone mamrow transplantation: results of a randomized
trial. Blood. 2000:95:1572-9.

- Koga ¥, Nugatoshi Y. Kawano Y, et al. Methotrexate vs

Cyclosporin A as a single agent fur graft-versus-host disease
prophyluais in pediatric patients with hematological malignancies
undergoing allogeneic bone marrow transplantation from HLA-
identical siblings: a single-center analysis in Japan. Bore Marrow
Transplant. 2003:32:171-6.

. Morishima Y, Morishita Y. Tanimoto M. et al. T.ow incidence of

acute grafl-versus-host disease by the administration of metho-
trexate and cyclosporine in Japanese levkemia patients after bone
marow fransplantation from human leukocyte antigen compati-
hle siblings: possible role of genstic homogeneity. The Nugova
Bone Marrow Transplamation Group. Bleod. 1980:74:2252-6.
Glucksberg H. Storb R. Fefer A, et al. Clinical manifestations of
grafi-versus-host disease in human recipients of marrow from
HL-A-matched sibling donors. Transplantation. 1974:18:295-
304,

Shulman HM, Sullivan KM. Weiden PL, et ul. Chronic grafi-
versus-host syndrome in man. A long-term clinicopathologic
study of 20 Seattle patients. Am J Med. 1980.69:204-17.

. Filipovich AH. Weisdorf D. Pavletic S. et al. National Institutes

of Health consensus development project on criteria for clinical
trials in chronic grafl-versus-host diseess: [ Diagnosis i
staging working group report. Bivl Blood Marrow Transplant.
2005:11:945-306.

- Storb R, Decg HI. Pepe M. vt al. Methomexate and cyclosporine

versus cyclosporine alone for prophylaxis ol graft-versus-host
disease in patiems given HLA=identical marrow gralts for leu-
kemia: long-term  follow-up of a coatrolled 1rial. Blood.
1989:73:1729-34.

. Storb R. Deeg HI. Whitcheud 1. et al. Methowexate and vvelo-

sporine compared with cyclosporine alone for prophylaxis of
acuie graft versus host disease after marrow transplantation for
leukemia. N Engl J Med. 1986:314:729-35.

. Aschan J. Kingden O. Sundberg B. et al. Mcthotrexate combined

with cyclosporin A decreases graft-versus-host disease, but
increases leukemic relapse compared to monnotherapy. Bone
Marrow Transplant. 1991:7:113-9.

. Ferrant A, Labopin M, Frassoni F, et al, Karvotype in acute

myeloblastic leukemia: prognostic significance for bone marrow
transplantation in first remission: a Ewropeen Group [or Blood
and Marrow Transplantation study. Acute Leukemia Working
Party of the European Group for Blood and Marrow Transplan-
tation (EBMT). Blood. 1997:90:2931-8,

. Hugglund H, Bostrom L. Remberger M, et al. Risk factors for

acute graft-versus-host disease in 291 consecutive HLA-identical

@ Springer

19.

25

bone mrrow  transplant recipients. Bene Marrow  Transplant.
1995:16:747-53.

. Zecea M, Pession A, Messina C. et al, Total body inadiation,

thiotepa. and cyclophosphamide as a conditioning regimen for
children with acute lymphoblastic leukemia in first or second
remission undergoing bone marrow transplantation with HLA-
identical siblings. J Clin Oncol. 1999:17:1838—6.

Nevdorf' 8, Sanders J. Kobrinsky N, et al. Allogeneic bone
marrow transplantation for children with ucute myelocytic len-
kemia in first remission demonstrmes a role for gruft versus
leukemia in the maimenance of disease-free survival. Blood.
2004:103:3635-61.

. Wonds WG. Neudorf S, Gold §. eral. A comparison of allogeneic

bone marrow transplantation. antologous bone marrow trans-
plantation, und aggressive chemotherapy in children with acute
myeloid leukemia in remission. Blood, 2001:97:36-62.

. Masuyama T. Kojima §. Kawo K. Allugeneic bone marrow

transplantation for childhood leukemia following a busulfan and
melphalan  preparative regimen. Bone Marrow  Transplant.
1998:22:21-6.

. Slovak ML, Kopecky KJ. Cassileth PA, et al. Karyotypic analysis

predicts outcume of preremission and pestremission therapy in
adult acute myeloid Jeukemia: a Southwest Oucology Group/
Eastern  Cooperative  Oncology  Group  Swdy.  Blood.
2006):96:4075-83.

. Schlenk RF, Pasquini MC, Percz WS. et al. HLLA-identical sibling

allogencic munsplants versus chemotherapy in acute myelogenous
leukemia with ©8:21) in first complete remission: collaborative
study between the German AML. hatergroup and CIBMTR. Biol
Blood Marrow Transplant. 2008:14:187-96,

- International Bone Marrow Transplunt Regisiry. Effect of meth-

ouexate on relapse afier bone-marrow wansplantation for acute
lymphoblastic leukuemia. Luncer 1989: 1:535-7.

Shiobara S, Nakao S, Ueda M, et al. Donor leukoeyte infusion for
Japanese patienis with relupsed leukemic arter allogeneic bone
marrow transplantation: lower incidence of acute graft-versus-
host disease and improved outcome. Bone Murrow Transplant.
2000;26:769 74,

. Kondo M, Kojima S, Horibe K, et al. Risk factors for chronic

graft-versus-host disease alter allogeneic stem cell ransplantation
in children. Bone Marrow Transplant. 2001:27:727-30.

. Kollman C, Howe CW, Anasetti C, et a). Dunor characieristivs as

risk factors in recipients aler transplintaiion of bone marmow
from unrelated donors: the effect of dopor age. Blood. 2001:
ug:2043-51.



Available online at www sciencedirect . com

ScienceDirect Leukemta
Research

www.clsevier.conVlocate/leukses

Leukemia Research 32 {2008) 1523-1529

Clinical features and outcome of MLL gene rearranged acute
lymphoblastic leukemia in infants with additional
chromosomal abnormalities other than
11923 translocation

Hisamichi Tauchi®, Daisuke Tomizawa", Mariko Eguchi®, Minenori Eguchi-Ishimae“.
Katsuyoshi KohY, Masahiro Hirayama“, Noriko Miyamura', Naoko Kinukawa®,
Yasuhide Hayashi", Keizo Horibe ', Eiichi Ishii ™"

* Depariment of Pediatrics, Ehime University, Toon, Ehime, Japan
P Departnient of Pediarries and Developmental Binlogy, Tokyo Medival and Dental Universirty,
Teskyo, Japan

¢ Department of Hematelogy, Dokkvo Medical University, Tochigi, Japan

9 Depariment of Pediatrics, The University of Tokyo, Tukyo, Japan
¢ Depariment of Pediatrics, Mie University, Tsi. Mie, Japen

! Depuartment of Pediatrics. Okayama University, Okayama, Jopan

& Depurtmens of Medical Informarics, Kyushu University, Fukuoka. Jupan

" Gumma Children's Hospital, Gumma, Japun
! Clinical Rescarch Center, Nasional Nuagoya Hospiwd, Nagoya, Japun

Received 4 January 2008; received in revised form 3 March 2008; accepted 19 March 2008
Available online 29 April 2008

Abstract

The treatment outcome for infant acute lymphoblastic lcukemia (ALL) with positive MLL gene rearrangenents remains poor. We analyzed
whether additional chromosomal abnormalities (ACA) other than 11423 tanslocation could affect the disease behaviar and its prognasis.

Eighteen of seventy-four patients with infant acule lymphoblastic Jeukemia showed ACA., including three-way translocations in four. other
novel translocations in four, and complex structural chromosomal changes in four. Only age less than 6 months and positive eentral nervous
syslem leukemia were significant prognostic factors by multivariate analysis. However, averall survival rates were worse in patients with
ACA compared to those with non-ACA. Genelic alterations induced by additional chromosomal changes may he associated with disease
progression and poorer overall survival rates in infants with MLL-rearranged ALL.
Crown Copyright © 2008 Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Efforts in clinical trials to improve the outcome for
infants with acute lymphoblastic leukemia (ALL), one of
the subtypes of childhood ALL with poor outcome, enabled
overall survival rates of 40% or higher |1-3]. However,
outcomes for infants with positive mixed lincage leukemia
(MLL) gene rearrangements, found in 70-80% of infant
ALL cases studied with molecular techniques, remain poor,
despite the use of intensive multiagent chemotherapy in
combination with hematopoietic stem cell transplantation
[ 1.4.5]. Multivariate analyses on recently conducted large-
scale clinical studies have revealed several risk factors among
infants with ALL, including arearranged MLL gene, younger
age (<3 or 6 months), very high white blood cell count
(=300,000/pL). and poor response to initial prednisone ther-
apy [2.3]. Among these faciors, presence of MLL gene
rearrangement is the most impontant, significantly correlated
with both the adverse clinical features and the poor progno-
sis that is characteristic of this distinct subtype of childhood
ALL {4].

The MLL gene is disrupted by 11q23 translocation and
fuses 10 more than 55 different partner genes; mainly,
AF4/FEL in 4q21, AF9 in 9p22, ENL in 19p13, AF6 in
6q27 and ELL in 19p13.1 [6.7]. The partner genes encode
nuclear proteins with transcriptional activities or proteins
with dimerization/oligomerization motifs, suggesting that the
impaired transcriptional activity by the fusion with MLL
gene could be associated with leukemogenesis in infant
leukemia [8]. In addition o these translocations, partial
duplication or deletion of the 1123 locus disrupts the
function of the MLL gene |9]. In fact, several previous
studies demonstrated that different types of MLL gene rear-
rangements, cspecially the presence of t(4;11)(g21:923). the
maost common MLL gene translocation in infant ALL, con-
fer a poor ouicome in infants | [0--13]. However, we have
demonstrated thatdifferent 1 123 iranslocations are not asso-
ciated with inferior prognosis in MLL positive infant ALL
[4.5].

Although the rearranged MLL gene plays an essential
role in leukemogenesis of infant ALL, it is still obscure
whether rearrangement of the MLL gene is sufficient for
leukemic transformation. The murine knock-in model of
1(9:11)(p22;q23) (MLL-AF9) required a long period to the
onsct of leukemia {141, It has been known that some cases
harbor additional chromosomal abnormalities other than
11923 or complex chromosomal changes in MLL posi-
tive ALL infants [15.16]. Thus, it is possible that several
unknown genes located in these chromosomal changes are
disrupted. and are associaled with Jeukemogenesis or pro-
gression of the disease. Recently, Moorman et al. has
reported that no prognostic effect of additional chromo-
somal abnormalities was observed in a cohort of infants
and children with ALL and 11423 abnormalities in a large
collahorative retrospective study [!17]. On the other hand.
to further improve the oulcome of this subset of ALL. it

is necessary to identify appropriate prognostic factors for
additional risk stratification along with an improvement
in anti-leukemic therapy. We therefore conducted a study
investigating the prognostic relevance of complex chromo-
somal abnormalities in infants with ALL and a MLL gene
rearrangement (reated with Japanese MLL96 and MLL98
protocols.

2. Materials and methods
2.1. Patients

Between December 1995 and December 2001, 102 conseculive
infants with ALL, younger than 12 months, were registered and
treated with lwo protocols, designated MLL96 (55 palients) and
MLL98 (47 patients). Five other patients were also treated with
MLL98 protocol without registration in the study. Prior 1o treat-
ment, each patient was evalvated with respect 10 the characteristics
of their leukemic cells, including immunophenotype, cytogenet-
ics, and MLL gene rearrangement. Among the enrolled palients,
86 were identified as MLL gene-rcarranged (MLL-R). The details
of the therapeutic regimens used in the M1L196 and MLLIR stud-
ies are described elsewhere |4.5]; briefly, all the 86 patients in the
MLL-R group were assigned 1o receive induction therapy and three
courses of postremission intensification therapy followed by allo-
geneic hematopuietic stem cell transplantation in first remission if
a suitable donor was available | 1.14.5]. Written informed consent,
provided according to the Declaration of Helsinki, was obtained
fram the guardians of the patients, with institutional review board
approval of the study enrollment.

2.2. Cytogenetics

The MLL gene status in each patient was determined by South-
ern biot analysis and/or fluorescence in situ hybridization (FISH) as
previously published |4]. Two genomic probes were used lo detect
MLL gene rearrangement by FISH analysis: the 81363 probe located
in the 5’ region of the MLL gene, including MLL exon 1, and the
LB 140 probe in the 3' region of the MLL gene (kindly provided
by Dr. Misao Ohki. National Cancer Institute, Japan). BAC clone
216H7 (Research Geneltics, Huntsville, AL), which is located on
4421 and covers introns 3 and 4 of the AF4 gene, was used for the
detection of a MLL-A F4 fusion gene in combination with the $1363
and LB 140 cosmid probes. The karyotypes of leukemic cells were
determined by cytogenetic analysis performed by a G-banding tech-
nique, also as previously described |11, Briefly. mononuclear cells
were separated from the bone marrow or peripheral blood. After 24 h
of incubation without external stimulation. the samples were fixed
in Carnoy's fixalive solution (3:1 methanol and acetic acid). Slides
for eylogenetic analysis were prepared using the rypsin-G banding
technique. Chromosomal abnormalities were described according
to the International System for Human Cytogenetic Nomenclature
(1ISCN2005) | 4],

2.3. Classificarion

Among the 86 MLL-R infants, ouly the patients with com-
plete karyotypic data were included in the current analysis (n =83)



