3534

6.

14,

15.

16.

17,

18.

19.

20.

KOSAKA et af

Reaman GH, Steinherz PG, Gaynon PS, et al.
Improved survival of infants less than 1 year of
aga with acute lymphoblastic leukemia treatad
with intensive multiagent chemctherapy. Cancer
Treat Rep. 1987;71:1033-1038.

Dordelmann M, Relter A, Borkhardt A, et al. Pred-
nisone response is the strongest predictar of
treatmert outcome in infant acute lymphoblastic
leukemia, Bleod. 1999;94:1209-1217.

Reaman GH, Sposto R, Sensel MG, et al. Treat-
ment outcome and prognostic factors for infants
with acuta lymphoblastic leukemia treated on two
consecutive trials of the Children's Cancer Group,
J Clin Oncel. 1999;17:445-455.

Pui G-H, Gaynen PS, Boyett JM, et al. Qutcome
of treatmant in childhood acute lymphoblastic lau-
kaemia with rearrangamant of the 11423 chromo-
somal region. Lancet. 2002;353:1909-1915,

Pui G-H, Chessells JM, Camitta B, at al. Clinical
hetaragensity in childhood acute lymphoblastic

leukemia with 11q23 rearrangement. Leukemia.
2003;17:700-706. ’

. Emminger W, Emminger-Schmidmeier W, Haas

DA, et al. Treatmant of infant leukemia with
busulfan, cyclophosphamide + etoposide and
bone marrow transplantation. Bone Marrow
Transplant, 1992;9:313-318.

Pirich L, Haut P, Morgarn E, et al. Total body irra-
diation, cyclophosphamide, and etoposide with
stam cell transplant as treatment for infants with
acuta lymphoblastic leukamia. Med Pediatr On-
col. 1999;32:1-6,

Marca F, Burec E, Orlega JJ, et af, High survival
rate in infant acute leukemia treated with early
high-dose chemotherapy and stem-cell support,
J Clin Oncol. 2000;18:3256-3261.

Isoyama K, Eguchi M, Hibi 8, et al. Risk-directed
treatment of infant acute lymphablastic leukarmia
based on early assessmant of MLL gene status:
rasults of the Japan Infant Leukemia Study
{MLL$8). Br J Haematol. 2002;118:993-1010.

Borkhardt A, Wuchter C, Viehmann S, et al. Infant
acute lymphoblastic leukemia—combined cylo-
genetic, immunophenotypical and molecular
analysis of 77 cases. Leukernia, 2002;16:1685-
1690,

Reiter A, Schrappe M, Ludwig W-D, et al, Chemo-
therapy in 998 unselacted childhood acuts lym-
phoblastic leukemia patients. Results and conclu-
sions of the multicenter trial ALL-BFM 86, Blood.
1994;84:3122-3133.

Frarkel LS, Ochs J, Shuster JJ, et al. Tharapeutic
trial for infant acute lymphoblastic leukemia:

the Pediatric Oncolegy Group experence
{POG8497). J Pediatr Hematol Oncol. 1997,19:
35-42.

Chessells JM, Eden OB, Bailey CC, Lilleyman
JS, Richards SM. Acute lymphoblastic leukaemia
in infancy: experience in MRG UKLL trials, Louke-
mia. 1994;8:1275-1279.

Nishimura 8, Kabayashi M, Ueda K, et al, Treat-
ment of Infant acuta lymphabtastic leukemia In
Japan. Int J Hematol. 1999;69:244-252.
Chessslis JM, Harrison CJ, Watson 8L, et al.
Treatment of infants with lymphoblastic leukemia:

BLOOD, 1 PECEMBER 2004 » YVOLUME 104, NUMBER 12

results of the UX Infant Protocots 1987-1999. BrJ
Haematel. 2002;117:306-314.

. Chessells JM, Harrison CJ, Kempski H, et al.

22,

23,

24,

25.

26.

27.

28.

29.

Clinical features, cytogenetics and outcoma in
acute lymphoblastic and myeloid leukaemia of
infancy: report from tha MRC childhood leukae-
mia working party. Leukemia. 2002;16:776-784.

Silverman L8, McLean TW, Gelber RD, et al. In-
tensifiad therapy for infants with acute lympho-
blastic leukemia. Cancer, 1937;8(:2285-2295.

Leung W, Pitts N, Burnette K, et al. Allogeneic
bone marrow transplantation for infants with
acute teukemia or myetodysplastic syndrome.
Bone Marrow Transplant. 2001,27:717-722,

Kato S, Nishihira H, Kato K, et al. Cord blood
transplantation and cord biood bank in Japan.
Bone Marrow Transplant. 2000;25:68-70.

Nishihira H, Kato K, 1soyama K, et al, The Japa-
nese cord blood bank network experience with
cord blood transplantation from unrelated donors
for haematological malignancles: an evaluation of
grafi-versus-host disease prophylaxis. BrJ
Haematcl. 2003;120:516-522,

Isoyama K, Ohnuma K, Kato K, et al. Cord blood
transplantation from unrelated donors: a prelimi-
nary report from the Japanase cord blood bank
network. Leuk Lymphoma. 2003;44:429-438,

Rocha V, Wagner JE Jr, Scbocinski KA, et al.
Graft-versus-host disease In children who have
received a cord-blood or bone marrow transplant
from an HLA-identical sibling. N Engl J Med.
2000;342:1846-1854.

Growal S8, Barker JN, Davis SM, et al. Unrelated
donor hematopaoietic cell fransplantaticn: marrow
or umbilical cord blood? Blood. 2003;101:4233-
4244,

Barker JN, Wagner JE. Umbilical-cord bloog
transplantation for the treatment of cancer. Na-
ture. 2003;3:526-532.

. Frassoni F, Podeata M, Maccario R, et al. Cord

31,

32

33

34,

blood transplantation provides better reconstitu-
tion of hamatopoistic reservoir compared with
bono marrow transplantation. Blood. 2003;102:
1138-1141.

Okada H, Nomi K, Hamatani S, et al. Induction of
graft-varsus-host disease and a graft-versus-leu-
kemla effect using ubenimex in a patlent with in-

fantile leukemia relapsing after an unretated cord

bloed transplant. Bone Marrow Transplant. 2002;
30:463-465.

Worth LL, Mullen CA, Choroszy M, et al, Treat-
ment of leukemia relapse with recombinant
granulocyte-macrophage colony stimulating fac-
tor (rhGM-CSF)} following unrelated cord blood
transplant; Induction of graft-vs-leukemia. Pediatr
Tranplant. 2002;6:439-442,

Bolinger AM, Zangwill AB, Slattery JT, et al. An
evaluation of engraftment, toxicity and busulfan
concantration in childran receiving bone marrow
transplantation for leukemia or genetic disease.
Bone Marrow Transplant. 2000;25:925-930.
Vassal G, Gouyette A, Hartmann O, Pico JL, Le-
merle J. Pharmacaokinetics of high-dose busulfan
In children. Cancer Chemother Pharmacol. 1988,
24:386-390.

—253—

35.

36.

7.

38.

39,

40,

41.

42,

43.

44,

45,

46,

47.

48.

Hassan M, Oberg G, Bekassy AN, et al. Pharma-
cokinetics of high-dose busulfan in relation to age
and chronopharmacology. Cancer Chemother
Pharmacol. 1991;28:130-134.

Vassal G, Deroussent A, Challine D, et al. Is 600
mg/m? the appropriate dosage of busulfan in pe-
diatric patients uncergoing bone marrow frans-
plantation? Blood. 1992;79:2475-2479,

Bolinger AM, Zangwill AB, Slattery JT, et al. Tar-
get dose adjustmaent of busulfan in pediatric pa-
tients undergoing bone marraw transplantation.
Bone Marrow Transplant. 2001,28:1013-1018.

Ccehen A, Rovelli A, Bakier B, et al. Final height
of patfents who underwent bone marrow trans-
plantation for hematological disorders during
chil¢hood: a study by the working party for late
effects—EBMT. Blood. 1999;93:4108-4115.
Leung W, Hudson M, Zhu Y, et al. Late effects in
survivors of infant lsukemia. Leukemia. 2000;14:
1185-1190.

Giralt S, Estey E, Albitar M, et al. Engraftment of
aflograft hematopoistic pragenitor cells with pu-
rine analog-containing chematherapy: Harness-
Ing graft-versus-laukemia without myeloablative
therapy. Blood. 1997,89:4351-4356,

Slavin S, Nagler A, Naparstek E, et al. Nonmy-
eloablative stem celt transplantation and cell
tharapy as an alternative to conventional bone
marrow transplantation with lethal cytoreduction
for the treatment of malignant and nonmalignant
hematologic diseases. Blood, 1998;91:756-763.
Arnold R, Massenkeli G, Bomhauser M, et al.
Nonmyeloablative stem call transplantation in
adults with high-risk ALL may be effective in early
but not in advanced disease. Leukemia. 2002;16:
2423-2428.

Khouri IF, Lee MS, Romaguera J, et al. Allogenic
hematopoietic transplantation for mantle-celf lym-
phoma: molacular remission and evidence of
graft-versus-malignancy. Ann Oncel. 1999;10:
1293-1299,

Tanimeto TE, Kusumi E, Harnaki T, et al. High
complete respanse rate after allogenic hemato-
poistic stem cell ransplantation with reduced-
intensity conditioning regimens in advanced ma-
lignant lymphoma, Bona Marrow Transplant.
2003;32:131-137.

Barker JN, Weisdort DJ, DeFor TE, et al. Rapid
and complate donor chimarism in adult recipients
of unrelated dongr umbilical cord bloed transplan-
tation after reduced-intensity conditioning. Blood.
2003;102:1915-1919.

Shibuya A, Kaneko [, Ishit S, Sasaki N. Success-
ful reduced-intensity stem celt transplantation
from one-locus HLA-mismatched unrefated cord
blood after rejection of unselated bone marrow in
an infant with myeloganous leukemia, Hematol-
ogy. 2002;7:101-103.

Dreyer ZE, Steuber CP, Bowrnan WP, et al. High
sk infant ALL—Improved survival with intensive
chematherapy [abstract]. Proc Am Soc Clin On-
cal. 1998;17:529a.

Cimino G, Ejia L, Cristina R, et al. A prospective
study of residual-disease monitoring of the ALL1/
AF4 transcript in patients with t(4;11) acute lym-
phoblastic leukemia. Blood. 2000;95:96-101.



European
Journal of
Cancer

European Journal of Cancer 40 (2004) 725-733

www ejconline.com

Pathology review for paediatric non-Hodgkin’s lymphoma patients
in Japan: a report from the Japan association of childhood

leukaemia study (JACLS)

A. Nakagawa®* S. Nakamura®, H. Nakamine®, T. Yoshino4, T. Takimoto®,
K. Horibe®, K. Uedaf

*Department of Pathology, Aichi Medical University, Nagakute, Aichi 480-1195, Japan
bDepartment of Pathology and Clinical Laboratories, Aichi Cancer Center Hospital, Nagoya, Japan
cDepartment of Clinical Laboratory Medicine, Wakayama Medical University, Wakayama, Japan
4 Pepartment of Pathology, Okayama University Graduate School of Medicine and Dentisiry, Okayama, Japan
¢Department of Pediatrics, Nagoya National Hospital, Nagoya, Japan
fDeparrment of Pediatrics, Hiroshima University, Hiroshima, Japan

Received 20 May 2003; received in revised form 19 August 2003; accepted 3 September 2003

Abstract

A central pathology review system with an immunophenotyping laboratory was established in Yapan to support the clinical trial,
the Japan Association of Childhood Leukaemia Study (JACLS) NHL-98, for patients with paediatric non-Hodgkin’s lymphoma
(NHL). Pathology samples from 155 clinically-suspected NHL cases were evaluated centrally initially using the Revised European-
American Lymphoma (REAL) classification in a rapid review (within 2 weeks after surgery/biopsy) and then Iater at the consensus
review (once a year). The samples were subsequently re-classified according to the new World Health Organisation (WHO) classi-
fication, After the pathology review, 96 (62%) patients were eligible for the study, and 58 of them (60%) had extra-nodal primaries.
These NHL cases included B-cell lymphomas (precursor B-cell, 11; Burkitt, 18; diffuse large B-cell, 18; not otherwise specified, 3)
and T/Natural Killer (NK)-cell lymphomas (precursor T-cell, 23; anaplastic large cell, 20; others, 3). There was excellent con-
cordance in making the diagnoses (95/96, 99%) and typing (93/96, 97%) of NHL between the rapid and consensus reviews. Five
cases, initially diagnosed as diffuse large B-cell lymphoma by the review, were re-classified as Burkitt lymphoma according to the
immunocytochemical criteria by the WHO classification. A total of 59 (38%) cases were excluded from the study: they were
Hodgkin lymphoma (7), leukaemias (11), reactive lymphoid hyperplasia (20), necrotizing lymphadenitis (7), no consensus diagnosis
(1), insufficient materials (2), and others (11). This is the first report of the central pathology review from the paediatric NHL group
study in Japan. Because various diseases, either neoplastic or reactive, mimicked NHL, clinically and histopathologically, the cen-
tral pathology review system was critical and essential for patient enrollment and protocol assignment in our clinical trial. Through
the two-step review system, highly reliable data were generated to support this study.

@© 2003 Elsevier Ltd. All rights reserved.

Keywords: Non-Hodgkin's lymphoma; Japanese children; Pathology; Central review, WHO classification; Group study

1. Introduction

Historically, different systems have been applied for
classifying and typing non-Hodgkin’s lymphoma
(NHL) cases in different countries: the Working For-
mulation was the most popular classification in the
United States (US) [1] and the Kiel/Updated Kiel class-
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ifications were commonly used in European countries
[2,3], while most of the pathologists in Japan used the
Lymphoma Study Group (LSG) classification {4] that
was not well accepted worldwide. This often resulted in
a serious problem for haematologists/oncologists when
analysing and comparing clinical data with those from
other countries. In 2001, the new World Health
Organisation (WHO) classification was published for
international use in classifying NHL cases [5].

In 1998, before the introduction of the new WHO
classification, a central pathology review system was
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established to support a nationwide group study, the
Japan Association of Childhood Leukemia Study
(JACLS) NHL-98, for Japanese paediatric NHL
patients aged between 0 and 16 years old. 95 institu-
tions/hospitals from 24 different prefectures participated
in this study, covering approximately 40% of paediatric
population in Japan. The pathology review system for
this study initialty used the Revised European-American
Lymphoma (REAL) classification [6] that was the pro-
totype of the new WHO classification [S]. Fortunately,
there are no major differences between the REAL Clas-
sification and the new WHO classification in defining
the most common categories of paediatric NHL cases,
such as precursor B lymphoblastic lymphoma (B-LBL),
Burkitt lymphoma (BL), diffuse large B-cell lymphoma
(DLBCL), precursor T lymphoblastic lymphoma (T-
LBL), and anaplastic large cell lymphoma (ALCL).
However, in the new WHO classification, immunos-
taining was mandatory for the critical distinction
between atypical Burkitt/Burkitt-like variant of BL
(>99% celis positive for Ki-67) and DLBCL. Accord-
ingly, some of the cases arbitrarily diagnosed as either
DLBCL or BL by the REAL classification need to be
te-classified by the new WHO classification after deter-
mination of the proportion of Ki-67-positive cells {5].

After 4 years, the JACLS NHL-98 study was success-
fully closed in March 2002. Towards the end of the
study, we had an opportunity to re-cvaluate and re-
classify all the NHL cases according to the new WHOQO
classification. This report illustrates our experience of
the first central pathology review system established for
the paediatric NHL patients in Japan.

2. Patients and methods

Pathology material from 155 clinically-suspected
NHL cases were examined through the central review
system for the JACLS NHL-98 study (1 April 1998-31
March 2002). Those materials, including haematoxylin-
eosin (H&E)-stained sections (172), unstained sections
(1520), and snap-frozen tissues, were submitted to the
Pathology Center at the Department of Pathology,
Aichi Medical University, Aichi, Japan, from the parti-
cipating institutions/hospitals (see Appendix). The
review system was composed of two steps: i.e., rapid
review and consensus review. The rapid review accepted
pathology material from those cases with clinically-sus-
pected NHL without waiting for the final pathological
diagnosis from the contributing institutions, and was
completed by the responsible pathologist (AN) within 2
weeks after surgery/biopsy. The rapid review diagnosis
was required for patient eligibility, stratification, and
protocol assignment in the study. Immunophenotyping
of the proliferating cells in each case was performed at
the central laboratory of the Pathology Center to sup-
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port the rapid review diagnosis by using the unstained
sections provided by the contributing institutions/hos-
pitals (see the panel of primary antibodies and typical
staining pattern listed in Table 1). Snap-frozen tissues
were filed and kept at the Pathology Center for future
investigations. The consensus review took place once
every year and involved four haematopathologists (AN,
SN, HN, TY) in order to ensure the reproducibility of
the rapid review diagnosis and determine the final elig-
ibility of the cases for the analysis of the study results.
In selected cases, additional tests, such as detection of
clonal gene rearrangements and/or chromosomal trans-
locations, were performed to support the consensus
diagnosis. Appropriate informed consent procedures
were followed, and consent was obtained from patients
or guardians.

All those clinically-suspected cases were evaluated
histologically and placed into two major groups: i.e,, NHL
and other diagnoses. The tumours in the NHL group,
originally evaluated by the REAL classification through
this review system, were re<classified using the new
WHO classification. In order to complete the process of
re-classifying those NHL cases according to the criteria
of the new WHO classification, additional immuno-
staining for Ki-§7 was performed for all of the cases
initially diagnosed as DLBCL and BL.

3. Results

Of the 155 cases, 95 patients were diagnosed as having
NHL at the time of both the rapid and consensus
reviews. One case was diagnosed as a DLBCL at the
time of the rapid review, but a panel of four haemato-
pathologists did not reach a consensus diagnosis (two
voted for DLBCL and two voted for atypical lymphoid
proliferation) at the time of the consensus review: a
clonal B cell population was not detected by the poly-
merase chain reaction (PCR) method using paraffin-
embedded material from this case. 57 cases were classi-
fied into the group of other diagnoses at the rapid
review. 56 of them were excluded from the study after
the consensus review. However, one case was diagnosed
as a “fulminant T-cell proliferation in Epstein-Barr
Virus (EBV} infection™ at the rapid review, but was
eventually included in the study with a diagnosis of
“peripheral T-cell lymphoma, unspecified” after the
consensus review because of an aggressive growth pat-
tern with soft tissue infiltration and a clonal rearrange-
ment of T-cell receptor beta chain gene by Southern
hybridisation. There were an additional two cases that
were also excluded from the study due to insufficient
pathology material for evaluation at the time of both
reviews.

In summary, 96 (62%) of 155 cases evaluated by the
central pathology review system were eligible for the
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Table 1a

Panel of antibodies for immunophenotyping

Antibody Clone Company Antibody Clone Company
Anti-CD3e Polyclonal DAKO Anti-CD4 1F6 Novocastra
Anti-CD43 DF-T1 DAKO Anti-CD8 C8/114B DAKO
Anti-CD20 L26 DAKO Anti-CD56 1B6 Novocastra
Anti-CD7% JCB117 DAKO Anti-CD45RO UCHL-1 DAKO
Anti-TdT Polyclonat Supertechs Anti-CDI10 56C6 Novocastra
Anti-Ki-67 MIB-1 MBL Anti-Bcl-2 124 DAKO
Anti-CD30 Ber-H2 DAKO Anti-Granzyme B GrB-7 MONOSAN
Anti-ALK-1 ALKI1 DAKO Anti-CD34 BI-3C5 DAKO
Anti-EMA E29 DAKO Anti-CD68 KP-1 DAKO
Anti-CD15 C3D1 DAKO Anti-CD%9 (MIC2) 12E7 DAKO

Antibodies to be tested were selected after reviewing the haematoxylin and eosin (H&E) sections from individual tumours.

Table 1b

Typical patterns of immunophenotyping for paediatric non-Hodgkin’s lymphoma cases

Histological type * CD45 TdT CD3e CD43 CD45RO CD20  CD%a CD9% CDI5  CDX EMA ALKl
B-LBL +/- + - -/+ - - + + - - - -
BL + - - - - + + - - - - -
DLBCL + - — - — + + - - e -+ _
T-LBL +/- + + + + - -1+ + - - - -
ALCL —i+ - +/- + /- + f - - - - + + +

B-LBL, precursor B lymphoblastic lymphoma; BL, Burkitt lymphoma; DLBCL, diffuse large B-cell lymphoma; T-LBL, precursor T lymphoblastic
lymphoma; ALCL, anaplastic large cell lymphoma; +, positive; —, negative; +/-, positive in most cases; ~/ +, negative in most cases.
2 Expression, extensive in anaplastic variant and variable in mediastinal primary tumour.

JACLS NHL-98 study. Among these, only two (2%)
cases had discrepancies in determining their types
between the rapid and consensus reviews. In those two
cases (final typing from B-NHL to DLBCL and from
BL to B-NHL, one case each), the changes were made
after reassessment of quality/quantity of the pathology
sample at the consensus review. There were no differ-
ences, except for five cases, in typing of the NHL
tumours between the original review by using REAIL
classification and the subsequent re-classification using
the new WHO classification. The five cases, all initially
diagnosed as DLBCL in the review (5/23, 22%), were
re-classified as BL (atypical Burkitt/Burkitt-like variant
of BL) after evaluation and determination of a Ki-67
fraction of close to 100% in their tumour tissues. Those
cases, as shown in Fig. 1, had ambiguous morphological
features: all were positive CD10 and 4/5 were negative for
Bel-2 immunohistochemically. Two of them were reported
to show a normal karyotype. During the same 4-year
period, 23 cases were enrolled on the JACLS NHL-98
study without central pathology review: those cases were
excluded from further analysis in the present study.
Table 2 shows the final diagnosis {typing) according
to the new WHO classification and clinical information
(age, gender, and primary site) for all the NHL cases in
this study. These cases included B-LBL (11 cases, 11%),
BL (18 cases, 19%), DLBCL (18 cases, 19%), B-cell
non-Hodgkin’s lymphoma, not otherwise specified (B-
NHL, NOS: 3 cases, 3%, B-cell phenotype determined

by either immunostaining or flow cytometry, but further
subclassification not feasible due to limited amount/
quality of the samples), T-LBL (23 cases, 24%}, ALCL
(20 cases, 21%; including 13 cases with a T-cell pheno-
type and 7 cases with a null-cell phenotype), and per-
ipheral T-cell/natural killer (NK) cell lymphoma (pT/
NK-NHL: 3 cases, 3%, including hepatosplenic T-cell
lymphoma, extranodal NK/T cell lymphoma, nasal type,
and peripheral T-cell lymphoma, unspecified).

There were 60 males and 36 females with ages ranging
between 11 months and 16 years old (median 9 years
old) at diagnosis. Of these cases, 38 (40%) had primary
nodal lymphoma, whereas 58 (60%) had primary extra-
nodal lymphoma. Nineteen (20%) patients had bone
marrow involvement (less than 25%), while no children
had disease in the central nervous system (CNS) at the
time of diagnosis. Those patients who had extra-
medullary masses showing histology that was indis-
tinguishable from B-LBL, T-LBL, or BL with 25% or
more blasts in their bone marrow were diagnosed as
having acute lymphoblastic leukaemia (ALL) and
placed in the other diagnoses group (se¢ below). As
shown in Table 2, most (39/50, 78%) of the tumours
with a B-cell phenotype were diagnosed in the cervical
lymph node, extra-nodal head and neck region or gastro-
intestinal tract. Children with BL were predominantly
male (Male (M):Female (F)=16:2), while those with
B-LBL were more frequently female (M:F=4:7). Children
with T-LBL were predominantly male (M:F =17:6), and
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almost exclusively diagnosed either in the mediastinal
region (15/23, 65%) or cervical lymph node (7/23,
30%). Children with ALCL were more frequently
female (M:F=8:12) and often had nodal primaries
(14720, 70%).

A total of 59 (38%) cases were excluded from the
study due to other diagnoses (56 cases, Table 3), no
consensus diagnosis (one case), and insufficient material
(2 cases). Those cases with other diagnoses are listed in
Table 3. The cases in the other diagnosis group were
summarized as follows: (1} Hodgkin lymphoma was
diagnosed by its characteristic histology and the pre-
sence of CD30-positive and, less frequently, CDI15-
positive, Reed-Sternberg cells [5,8]. However, the hall-
mark cells of ALCL and activated lymphocytes in reac-
tive lymphadenopathy were also positive for CD30
[8]. (2) Like Burkitt lymphoma and B-ALL, T/B-LBL
and precursor T/B-lymphoblastic leukaemias were
indistinguishable cytologically [5]. All of the ALL cases
in this series had more than 25% of bone marrow
involvement at the time of diagnosis. In contrast, other
leukaemia cases presented with an extramedullary mass,
and no or few leukaemic blasts were found in the
bone marrow at the time of diagnosis. (3) More than
1/3 of the cases in the other diagnoses group were
classified into a category of reactive lymphoid hyper-
plasia (benign polyclonal Iymphoproliferation). It
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seemed to be a unique situation in paediatric age group
to have such a large number of cases of reactive lym-
phoid hyperplasia as one of the differential diagnoses
from NHL. (4) A case of Ewing's/peripheral Primitive
Neuroectodermal Tumour (pPNET) presented us with a
diagnostic difficulty, since the tumour cells, like those
in many of the LBL cases, showed positive staining for
CD99 (MIC2 gene product). Detection on EWS gene
translocation and expression of neural markers con-
firmed the diagnosis of this particular case [9].

4. Discussion

This is the first report illustrating the central pathol-
ogy review system of paediatric NHL and the experi-
ence of the JACLS NHL-98 study. Paediatric NHL
cases are different from adult NHL cases: more than
90% of them are high-grade, approximately 75% pre-
sent at advanced stages at diagnosis, and they often
show early dissemination or leukaemic manifestation
[7,10]. Tumours in paediatric NHL are frequently found
in extra-nodal locations, and are difficult to diagnose,
clinically as well as histopathologically [7,11,12]. Fur-
thermore, because of striking differences in proliferative
kinetics, treatment protocels for such patients should be
appropriately determined based on a precise diagnosis

(e} BelD

Fig. 1. Atypical Burkitt/Burkitt-like variant of Burkitt lymphoma. (a) Diffuse proliferation of medium-sized to large lymphocytes. There are some
macrophages, but atypical “starry-sky” pattern is not observed. Haematoxylin and ecsin (H&E) stain. (b) Tumour cells show greater pleomorphism
in nuclear size and shape than those commonly seen in classical Burkitt lymphoma. There are numerous mitotic figures. Nucleoli are more promi-
nent. A few eosinophils are recognised. H&E stain. () Nearly 100% of the tumour cells are positive for Ki-67. Immunostain for Ki67. (d) Tumour
cells are positive for CD10. Immunostain for CD10. {¢) Tumour cells are negative for Bcl-2. Residual lymphocytes are positive for Bcl-2 (lower

right). Immunostain for Bel-2.
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and classification [11,13). Therefore, the central pathol-
ogy review system, consisting of the rapid and con-
sensus review supported by immunophenotyping results,
was essential and critical to carry out our clinical trial.
As described in this report, our system successfully
generated the pathological data with excellent agree-
ment rates in terms of the diagnosis and typing of the
NHL cases between the rapid and consensus reviews.
All cases were initially reviewed using the REAL
classification, and, subsequently, were re-classified
according to the new WHO classification. There were 5
patients whose diagnoses changed from DLBCL to BL
during this process of re-classification. Fortunately, we
had the same treatment approaches for patients with
NHL of the mature B-cell phenotype. Accordingly, the
treatment protocols for these patients did not change in
our clinical trial. In the classification, there still seems to
be some difficulty/confusion in distinguishing between
BL (atypical Burkitt/Burkitt like variant of BL) and
DLBCL. For the diagnosis of BL (atypical Burkitt/
Burkitt like variant of BL), a growth fraction of nearly
100% in the tumour tissue is critical according to the
WHO guideline. In addition, CD10 and Bcl-2 immu-
nostainings are reported as useful for the distinction
between BL and DLBCL [14]: in our series CDI0 was
positive in 15/16 BL cases and 7/12 DLBCL cases,
whereas Bcl-2 was positive in 1/6 BL cases and 4/8
DLBCL cases. Cytogenetic analysis for the detection of
MYC translocation was largely unsuccessful in our study.

Table 4
Paediatric Non-Hodgkin’s lymphoma studies in the literature ,

Table 4 summarises paediatric NHL studies in the
literature [15-19]. As shown in this table, paediatric
NHL cases are mainly composed of only three or four
different types according to the various classifications.
Since these investigators used different classifications
[1,3,19], it is difficult to make any direct comparisons for
the incidence of NHL types between the previous
studies and our current series using the new WHO classi-
fication [5] that distinguishes four major types: i.e., LBL,
BL, DLBCL and ALCL. The small sample size of our
study also means any conclusive statements must be
cautiously made at this time. However, some or all of
these types in the new WHO classification were included
in the previous classifications and were given similar
definitions. Recent advances in the field of haemato-
pathology research, such as the introduction of a panel
of systematic immunophenotyping with an increased
number of good quality antibodies available for use on
paraffin sections (Table 1), determination of a propor-
tion of Ki-67- positive cells for the diagnosis of BL [5],
and the detection of the ALK translocation for the
diagnosis of ALCL [20], now enable us to recognise and
distinguish these NHL types more precisely. After tak-
ing these into account, however, our study still seems to
include less BL cases and more DLBCL and ALCL
cases than previous reports from Western countries and
Taiwan. Other investigators have reported that the dis-
tribution of adult NHL types in Japan was also different
to that observed in Western countries [21]. These differ-

Author [Ref] Study period (classification) Number  Age (median) Major histological type®
(country) of cases®
Wilson, JF 1977-1980 (Rappaport) 213 %18 years 50.2% Undifferentiated (Burkitt’s and non-Burkitt’s)
[13] (U.S) 343% LBL
13.6% Large cellfhistiocytic lymphoma
Murphy, SB 1962-1986 (Working Formulation) 338 7 months-21 years 38.3% diffuse small non-cleaved cell
[15](UL.S) (10 years) 28.1% LBL
26.3% DLCL
Reighter, A 1986~19%0 (Updated Kiel) 261 0.6 years—17.8 years 42.5% BL
[16] (Germany) 28.0% LBL
7.7% DLBCL
6.9% ALCL
Wright, D 1950-7 (Updated Kiel) 293 44.4% BL
[17] (U.K) ' 28.7% LBL
7.5% DLBCL
15.7% ALCL
Yang, C-P 1992-1998 (Working Formulation) 131 2.4 months-18.3 years 42.5% BL
[18] (Taiwan) 29.8% LBL
27.6% DLCL (including ALCL)
Present study 1998-2002 (WHO} 96 11 months-16 years 18.8% BL
(Japan) (9 years) 354% LBL

18.8% DLBCL
20.8% ALCL

Undifferentiated: undifferentiated lymphoma; LBL: lymphoblastic lymphoma; DLCL: diffuse large cell lymphoma; BL, Burkitt’s lymphoma;
DLBCL, diffuse large B-cell lymphoma; ALCL, anaplastic large cell lymphoma.

& Non-Hodgkin's lymphoma cases only (B-ALL cases, excluded).
b Only major types and their percentages are listed.
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ences, in both paediatric and adult NHL types, between
Japanese patients and patients from other countries
could be due to different ethnic as well as environment/
geographical backgrounds [21,22].

The classification of LBL according to the new WHO
guidelines deserves a brief comment. LBL cases were
once classified into three subsets due to the limited
number of antibodies available for immunophenotyping:
approximately 2/3 of the cases were classified in the T-
cell subset and the rest of the cases were classified as
either B-cell or indeterminate [16,17]. By using a panel
of antibodies at the central laboratory, all LBL cases
included in our study were classified into either T-cell or
B-cell subsets, and no cases were classified as inde-
terminate. Among the various immunophenotyping
markers used in our series, TdT+ and CD3_+ were
useful for classifying a LBL in the T-cell lineage (23/34,
67.6%), and TdT+, CD20 +/—, and CD79a+ were
useful to define those belonging to the B-cell lineage (11/
34, 32.4%). In our study 7/11 (64%) of the B-LBL cases
were positive for both CD20 and CD79a, and 4/11
{36%) showed positive staining for CD79a only. In our
series, there was only one case whose tumour was
TdT+, CD3e + and CD79a+. Since the T-cell recep-
tor beta chain gene was clonally rearranged, but the
immunoglobulin heavy chain gene showed a germline
configuration, this particular case was classified as being
in the T-LBL subset with an aberrant CD79a expression
[23]. Both T-LBL and B-LBL tumours were diagnosed in
nodal (cervical lymph node) and extra-nodal locations.
In our series, the extra-nodal T-LBL tumours developed
exclusively in the mediastinum, while the extra-nodal B-
LBL tumours (as has been reported by other investiga-
tors) were found in unusual locations, such as the bone,

skin, and testis, in addition to the gastrointestinal tract .

[24-26]. Positive TdT staining was often helpful, and
even critical, for distinguishing B-LBL cases from BL
cases, especially when the tumours developed in the
gastrointestinal tract. This was particularly important
since the patients with B-LBL were assigned to different
treatment protocols from those with BL [12,26].

The central pathology review system of our study
accepted pathology materials from those cases with
clinically-suspected paediatric NHL immediately after
surgery/biopsy, without waiting for the final pathologi-
cal diagnosis from the contributing institutions. We
decided to choose this system to review a large number
of suspicious cases mainly because there are consider-
able numbers of neoplastic and reactive lesions that
mimick NHL among paediatric patients. In addition,
not all of the participating institutions were fully equip-
ped with standardised immunohistochemical and mole-
cular techniques to perform differential diagnoses and
to precisely type the NHL cases. With this system, we
successfully avoided a potential failure of enrolling on
the study in a timely manner some of the NHL cases
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presenting diagnostic dilemma/difficulty. For example,
some of ALCL cases with a feature, focally or diffusely,
of either small-cell or lymphohistiocytic variant [5,27],
comprising 35% (7/20) of all the ALCL cases in this
series, could well have been missed because of difficul-
ties in identifying the diagnostic hallmark cells in a
background of intense inflammatory infiltrates [5,27].
Nevertheless, 59 (38%) cases were rejected from our
study after the review.

In summary, we established a central pathology
review system with immunophenotyping facilities for
paediatric NHL cases. Pathology materials from all
clinically-suspected cases were reviewed, and NHL cases
were classified according to the new WHO guidelines.
With this system, highly reliable pathology data were
provided to support the nationwide Japanese clinical
trial, the JACLS NHL-98.
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FLT3 mutations in the activation loop of tyrosine kinase domain
are frequently found in infant ALL with MLL rearrangements
and pediatric ALL with hyperdiploidy

Takeshi Taketani, Tomohiko Taki, Kanji Sugita, Yoshiyuki Furuichi, Eiichi Ishii, Ryoji Hanada, Masahiro Tsuchida,
Kenichi Sugita, Kohmei lda, and Yasuhide Hayashi

Point mutations of D835/1836 of the FLT3
gene have been reported In adult acute
myeloid leukemia {AML), but not in pediat-
ric AML or acute lymphoblastic leukemia
(ALL). FLT3D835M1836 mutations were
tound in 6 (5.4%) of 112 children with ALL
older than 1 year and in 8 (16.0%) of 50
infants with ALL, Missense mutations
were found in 11 patients, 3-base pair
deletions in 2 patlents, and a deletion/
Insertlon in 1 patient. Remarkably, FLT3
D835N1836 mutations were found In 8
{18.2%) of 44 infants with ALL with MLL

rearrangements and in 4 (21.5%) of 19
patlents with hyperdiploid ALL, but they
were not found in any patients older than
1 year who had TEL-AMLT (n = 11), E2A-
PBX1 (n = 4), or BCR-ABL (n = 6} fusion
genes. Although Infant ALL patients with
mutations had poorer prognoses than did
those without mutations, pediatric ALL
patients with mutatlons who were older

- than 1 year had good prognoses. We also

found FLT3-D835 mutations in 2 of 11
leukemlc cell lines with MLL rearrange-
ments. FLT3 was highly phosphorylated

in these cell lines with FLT3-D835 mula-
tions, leading to constitutive activation of
downstream targets such as signal trans-
ducer and activator of transcription 5
(STATS) without FLT3 ligand stimulation.
These results suggested that FLT3-DB35/
1836 mutations are one of the second
genetic events in Infant ALL with MLL
rearrangements or pediatric ALL with hy-
perdiploidy. (Blood. 2004;103:1085-1088)

© 2004 by The American Society of Hematology

Introduction

Tyrosine kinases (TKs) function as the control of cellular signal
transmission. Some TKs are closely associated with normal
hematopoietic regulation and cell function.! Of TKs involved in
hematopoiesis, some genes related to TKs fuse to functionally
important genes, such as ABL or ALK-related fusion genes, and
others have mutations, such as the FMS or ¢-KIT genes.! Constitu-
tive phosphorylation of TK induced by these gene aberrations leads
to a strong proliferative activity in hematopoietic cells, and often it
is involved in the development of leukemia/lymphoma.!? In these
TKs, the FLT3 gene is a receptor TK that has a transmembrane
domain and plays an essential role in hematopoiesis.? Internal
tandem duplication (ITD) of the juxtamembrane (JM) domain of
the FLT3 gene was identified in acute myeloid leukemia (AML).}?
The frequency of FLT3-1TDs is 17% to 27% of de novo adult AML,
5% to 17% of childhood AML, 3% to 5% of myelodysplastic
syndrome (MDS), and 3% of acute lymphoblastic leukemia
(ALL).*?® FLT3-ITD leads to constitutive activation and is recog-
nized as a significant prognostic factor in adult™® and pediatric™?
AML. FLT3-ITD activates the signal transducer and activator of
transcription 5 and MAP kinase pathway.'® In a murine bone

marrow transplant model, the FLT3-ITD mutant induces a myelo-
proliferative disorder.!!

Recently, point mutations of D835/1836 in the activation loop of
the second TK domain of FLT3 were found in adult AML, MDS,
and ALL.>'213 The incidence of FLT3-D835/1836 mutations was
7% of de novo adult AML, 3% of adult MDS, and 2.8% of
ALL.5213 The D835/1836-mutant FLT3 induces the constitutive
tyrosine-phosphorylation and interleukin-3 (TL-3)}-independent pro-
liferation of 32Dcl3 cells.’? AML patients with FLT3-D835/1836
mutations tend to have poor prognoses, 213 suggesting that the
FLT3-activating mutations of ITDs and D835/1836 mutations play
important roles in AML. However, these FLT3-ITDs have rarely
been found in pediatric ALL patients carrying myeloid markers and
have not been associated with a poor prognosis.? In pediatric ALL,
FLT3-D835/1836 mutations have not been reported previously. To
clarify the relationship between the clinical features of ALL and
FLT3-D835/1836 mutations, we analyzed FLT3-D835/1836 muta-
tions in pediatric ALL, including infant ALL, and found the
mutations to be relatively frequent in infant ALL with MLL
rearrangements and pediatric ALL with hyperdiploidy.
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Study design

Patient samples

We analyzed 162 patients with pediatric ALL—50 infants younger than 11
months and 112 children older than 1 year (93 B-cell precursors, 19 T-cell
phenotypes}—in addition to 81 healthy donors. ALL was diagnosed in these
patients according to the French-American-British (FAB) classification.
Chromosomal analysis was performed using G-banding, as previously
reported,'¥ and karyotyping was successful in 136 (84.0%) patients. MLL
rearangements were examined in 50 infants with ALL with the restriction
enzymes EcoRl and HindIll using Southern blotting, as previously
reported.’ DNA indexing was performed in 112 ALL patients 1 year and
older.!5 A DNA index greater than 1.14 indicated hyperdiploidy. Pediatric
ALL patients (age range, 1-15 years; median, 6 years) were mainly treated
according to the Tokyo Children’s Cancer Study Group (TCCSG) L95-14
protocol, 'S and infant ALL patients (age range, 0-11 months; median, §
months) were mainly treated with the Japan Infant Leukemia Study MLL96
protacol. !¢ Informed consent was obmined from the patients and/or the
patients’ parents and the healthy donors.

Leukemia cell lines

FLT3-D835/1836 mutations and ITDs were examined in 44 leukemia cell
lines as follows®!?: 200 B-precursor ALL cell lines (LC4-1, NALM-26,
NALM-17, UTP-L5, REH, UTP-L10, UTP-2, NALM-20, NALM-24,
BV173, OM9:22, SCMC-L10, KOCL-33, KQCL-44, KOCL-45, KOCL-
58, KOCL-69, HAL-01, KOPN-41, KOPN-1), 3 B-ALL cell lines (BALM-6,
DAUDI, BAL-KH), 3 T-ALL cell lines (ALL-SIL, CCRF-HSB-2, KCMC-
T), 6 AML cell lines (YNH-1, KASUMI-3, KG-I, SN-1, NB4, HEL), 7
acute monocytic leukemia (AMOL) cell lines (MV4;11, THP-1, CTS,
P3UFUJ, MOLM-13, KOCL-48, TMS/M1), 2 acute megakaryoblastic
leukemia (AMKL) cell lines (CMS, CMY), and 3 chronic myelogenous
leukemia (CML) cell lines (MOLM-1, MOLM-7, T$9;22).

RFLP-medlated PCR for the detection of FLT3-D835/1836
mutations and PCR for the detection of FLT3-ITDs

High-molecular—weight DNA or total RNA was extracted from bone
marrow or peripheral blood samples from the patients using standard
methods.®!7 Total RNA {4 pg) was reverse transcribed to ¢DNA with a
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¢cDNA Synthesis Kit (Amersham Pharmacia Biotech, Buckinghamshire,
England). FLT3-D835/1336 mutations were examined by restriction frag-
ment length polymorphism (RFLP)-polymerase chain reaction (PCR) or
reverse transctiption-PCR (RT-PCR). The sense primer used for PCR and
RT-PCR was 17E!? and the antisense primer for PCR or RT-PCR was
FLT3-TK-R15'-AGTAAGCAGACTGCTGTGAG-3') or FLT3-TK-R2 5'-
GTAGAAGTTAGCATCAACCGG-3"), respectively. PCR procedure has
been reported previously.*'” Five microliters of the PCR product were
digested with § U EcoRV for 1 hour at 37°C, then electrophoresed on 3%
agarose gel. Undigested PCR products were directly sequenced by the
fluorometric method. The FLT3-ITD was analyzed by PCR or RT-PCR, as
previously reported.?

Antibodies and Western blot analysis

Monoclonal antibodies against phosphotyrosine {clone 4G10), signal
transducer and activator of transcription 5 (STATS) (clone 89), and
a-tubulin (clone TU-01) were obtained from Upstate Biotechnology (Lake
Placid, NY), Transduction Laboratories (Lexington, KY), and Sanbio
(Uden, Netherlands), respectively. Rabbit polyclonal antibodies against
ELT3 (C-20) and phospho-STATS, which reacts to the Tyr694-phosphory-
lated active form of STATSa and STATSb, were from Santa Cruz
Biotechnology (Santa Cruz, CA) and Cell Signaling Technology (Beverly,
MA), respectively. Western blot analysis was performed as reported
previously.'® In brief, lysates of leukemia cells were separated, transferred,
and incubated with the primary antibody, followed by incubation with
horseradish peroxidase—conjugated second antibody. In the experiment for
FLT3 phosphorylation, FLT3 was immunoprecipitated by anti-FLT3 anti-
body and protein A beads and then immunoblotted by antiphosphotyrosine
antibody. The detection of bands was performed using an enhanced
chemiluminescence kit (Amersham Japan, Tokyo).

Results and discussion

We detected FLT3-D835/1836 mutations in 6 (5.4%) of 112
children older than 1 with ALL and in 8 (16.0%) of 50 infants with
ALL (Table 1). Missense mutations were found in 11 patients—
Asp835Tyrin 3, AspR35His in 2, Asp835Glu in 2, and lle836Met in
4. Deletions of 3 base paits {1le836de!) were found in 2 patients.

Table 1. Clinical features of infant and pediatric ALL patients with FLT3-D8351836 mutations

FLT3-D9351836
Patient Age Sex WBCs x 104uL DNA Index Relapse Prognosis mutations
Infants
AL amo’ M 876 ND + - Dead 1836M ¢
2" 3mo M 14.6 ND - Alive D83s5E
3t 3mo F . 25 ND + Dead . - DB3GY .
at 6 mo F 123 ND + Dead Da3sY
5t 6mo M 293 ND + Cead " pBasH
6t 4mo M 53.7 ND - Dead I836del
™ 2mo ¥ 953 ND +  Dead DaasY
a 2mo F 50.0 ND - Alive l836del
Chilidren
9 3y M 74 1.18% - Alive t836M
10 2y F 185 1.15% - Alive 1836M
1 ) 4y F 8.9 1.2¢ - Alive -D83sH .
12 2y F 56 1.195 - Alive |836M
13 3y M 58 0.99% - Alive pa3sc. -
14 7y M 102.7 1.0§ - Alive 9-bp del + &-bp insl;

MLL rearrangements were found in all infants. WBCs refers to white biood cells.
“H411).

f(11;19).

$Normal karyotype.

§hot available.

|IDeletion {D835-5838) + insertion (A835, L836, GB3?).
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One patient had a deletion and an insertion mutation consisting of a
4-amino acid (Asp835-Ser838) deletion in 1 allele and a 3-amino
acid (Ala835, Leu836, and Gly837) insertion in another allele. All
the mutations were heterozygous, and the open reading frame was
conserved. The Asp835 mutation probably was an activating
mutation because the Asp835Tyr, His, and Glu found in this study
were constitutively tyrosine phosphorylated.!? Tle836del has also
been shown to have strong autophosphorylation,!® suggesting an
association with the proliferation of leukemic cells because these
mutations were detected in adult AML and tended to reduce
disease-free survival 31213

No FLT3-ITDs were found in this study. FLT3-ITDs are rarely
found in pediatric and adult ALL 3% although they are frequently
found in AML.3® FLT3-1TDs may not be involved in growth
advantage in ALL because ALL carrying FLT3-ITDs were not
associated with poor prognoses.? Neither ITDs nor D835/1836
mutations were detected in the healthy donors in this study, as
previously reported, 2.3

FLT3-D8351836 mutations were frequently found in Infants
with ALL with MLL rearrangements and chitdren with ALL
with hyperdiploidy

Of 50 infants with ALL, 44 patients had CD10~ early pre-B cell
ALL with MLL rearrangements, 5 had CD10* B-cell precursor
ALL, and | had T-cell ALL. Interestingly, FLT3-D835/1836
mutations were found in 8 (18.2%) of 44 infants with ALL with
MLL rearrangements—t(4;11)(q21;q23YMLL-AF4 in 4 patients
and t(11;19)(q23;p13/MLL-ENL in 4 patients—but not in the
remaining 6 patients without MLL rearrangements. However, this
difference was statistically not significant. Six of 8 patients with the
mutations died, and the overall survival rate in the patients with the
mutations was lower than that in the patients with wild-type FLT3,
though the difference was not significant (P = 42).

B-cell precursor ALL (CD10*, CD19%,CD3-,CD13~,CD337)
was diagnosed in 6 children with the FLT3-D835/1836 mutations.
Interestingly, FLT3-D335/1836 mutations were found in 4 (21.5%)
of 19 children with ALL with hyperdiploidy (all were alive).
Frequencies of FLT3-D835/1836 mutations were significantly
higher in pediatric ALL with hyperdiploidy than in the other
patients (P = .0074). No mutations were found in patients with
TEL-AMLI (n= 11), E2A-PBX!I (n=4), or BCR-ABL (n = 6)
fusion genes, FLT3-D835/1836 mutations were not associated with
sex, age, white blood cell (WBC) or platelet counts, hepatospleno-
megaly, or involvement of the central nervous system at onset in
either pediatric or infant ALL (data not shown),

Of 44 leukemia cell lines with the FLT3 expression, FLT3-D835
mutations were found in 2 (4.5%) leukemia cell lines, including 1
ALL (KOCL-33 carrying t(11;19)) and 1 AMOL (KOCL-48
carrying t(4;11)) cell line, which were derived from infant leuke-
mia, FLT3-ITDs were found in 2 (4.5%) AMOL cell lines—
MV4;11 carrying t(4;11) and MOLM-13 carrying t(9;11)—which
were derived from pediatric or adult AMOL patients. Interestingly,
4 (36.3%) of 11 leukemia cell lines with MLL rearrangements had
FLT3-activating mutations. On the other hand, no FLT3-activating
mutations were found in any B-ALL, T-ALL, AML, AMKL, or
CML cell lines.

FLT3 and STATS were highly phosphorytated In lymphoid and
myelofd leukemic cell lines with FLT3-D8351836 mutation

It is known that FLT3 ligand (FL} stimulation of FLT3 results in the
activation of STATSa in murine myeloid Ba/F3 cells through a
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Janus kinase (JAK)-independent mechanism.2! It is also known
that ITDs and D835/1836 mutations in AML induce the constitutive
phosphorylation of FLT3 and the activation of its downstream
targets.2 However, it remains unknown whether the phosphoryla-
tion status of FLT3 and its downstream signal transduction
pathways are different between myeloid and lymphoid leukemia
cells with FLT3-D835/1836 mutations, To address this point, we
examined the phosphorylation of FLT3 and STATS on Western blot
in 5 leukemia cell lines, including 2 cell lines with D835 mutations.
As shown in Figure 1, lymphoid (KCOCL-33, lane 1) and monocy-
toid (KOCL-48, lane 2) cell lines with D835 mutations showed
marked tyrosine phosphorylation of FLT3 and STATS5. Of note, the
expression of FLT3 and STATS5 in KOCL-48 was lowest among the
cell lines examined, but their phosphorylation status was markedly
elevated. Thus, FLT3 in lymphoid and myeloid MLL rearrangement-
positive leukemias with FLT3-D835/1836 mutations might be
constitutively and highly phosphorylated, leading to the constitu-
tive activation of downstream targets such as STATS without FLT3
ligand stimulation.

FLT3-D835/1836 mutations are the second genetic events
in Infant ALL with MLL rearrangements and ALL with
hyperdiploldy

Frequent additional alterations of proliferation-related genes or
tumor-suppressor genes as the second genetic events in ALL with
hyperdiploidy?*?* or MLL rearrangements have not yet been
reported.'82* Thus, the FLT3-D835/1836 mutations found in this
study are considered to be the second genetic events in ALL. As for
prognoses, our results indicated that FLT3-D835/1836 mutations
affected the poorer prognoses of infanis with ALL and MLL
rearrangements. In contrast, patients with hyperdiploid ALL and
the mutations had good clinical outcomes, suggesting that the
mutations may not affect the growth advantage of hyperdiploid
ALL cells, Further larger prospective studies are needed. Recently,
gene expression profiling by microarray showed that FLT3 expres-
sion was higher in acute leukemia with MLL rearrangements?®
and in ALL with hyperdiplody.?® These studies suggest that
FLT3 high-expression or constitutive tyrosine phosphorylation
possibly caused by D835/I836 mutations in ALL with MLL
rearrangements or hyperdiploidy might contribute to the patho-
genesis of ALL with MLL rearrangements or hyperdiploidy and
that a molecularly targeted drug against activating FLT3 should
be considered in the future,

141
fm SEERN
mosphorls B B ™

Phospho-5TATS .' ﬁ ‘ &
a-Tubulin - - -““
1 2y 4 5

Flgure t. Western blot anafysis on tyrosine phosphorytation of FLT3 and STATS
In leukemia cell lines with or without D835 mutations. Lysates of leukemia cell
lines with (lanes 1-2) or without {fanes 3-5) FLT3-D835 mutations were separated,
biotted, and stained with antibodies against FLT3, phosphotyrosine (after immunopre-
cipitation by anti-FLT3), STATS, phospho-STATS, and a-tubulin, respectively. Lanes
1. 3, and 4 werg B-precursor ceil lines with MLL rearangement; lana 2 was a
monocytoid cefl fine with MLL rearrangement; lane 5 was a T-lymphold cell line.
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Abstract Purpose: To determine the minimum levels of
L-asparaginase (ASNase) activity necessary to maintain
L-asparagine (Asn} depletion under' ASNase treatment
in acute lymphoblastic leukemia (ALL). Methods: We
measured ASNase activity using an enzyme coupling
method with a limit of detection of 2 U/l and examined the
relationship between ASNase activity and Asn levels in
blood samples from 14 children with ALL. Results: In all
but one patient showing high ASNase antibody titers,
minimum ASNase activity to maintain Asn depletion
levels below the limit of detection (40 ng/ml) ranged
from 6 to 180 U/l with a median value of 16 U/L
In 11 patients, the enzyme activity corresponding to
minimum detectable Asn levels ranged from 2 to 32 U/l
with a median value of 6.5 U/l. Patients with an ASNase
activity of 2 U/l or an undetectable activity (<2 U/l)
had nearly normal Asn levels: 4140+ [161 ng/mlat 2 U/
and 7235% 3107 ng/ml at <2 U/l (mean % SD). Statisti-
cal analysis showed that ASNase activity in the range of
2-32 U/l was inversely correlated with Asn levels
{r=-0.803, P=0.001). Conclusion: These results show
that Asn levels are strongly correlated with plasma
ASNase activity even at low enzyme activities ( < 50 U/l)
and that this sensitive ASNase assay can be used to esti-
mate plasma Asn depletion levels.

M. Tsurusawa (B4} - M- Chin + A. Iwai - K. Nomura

H. Maeba + T. Taga - T. Higa - T. Kuno - T. Hori - A. Muto
Japanese Children’s Cancer and Leukemia Study Group
(JCCLSG) Central Office, Department of Pediatrics,

Faculty of Medicine, Aichi Medical University,

480-1195 Aichi, Japan

E-mail: tsuru@aichi-med-u.ac.jp

Tel.: +81-56162-3311

Fax: +81-56162-2886

M. Yamagala :

Pharmaceutical Research Institute Branch Office,
Kyowa Hakko Kogyo Co. Ltd.,

411-8731 Shizuoka, Japan

Keywords Asparaginase - Asparagine - Childhood -
Acute lymphoblastic leukemia

Abbreviations ALL Acute lymphoblastic leukemia -
Asn Asparagine - ASNase Asparaginase ' S5A4
Sulfosalicylic acid

Introduction

The antileukemic effect of L-asparaginase (ASNase), an
important component of therapy for acute lympho-
blastic leukemia (ALL), is believed to result from the
inhibition of protein synthesis in leukemic cells that do
not express a sufficient level of asparagine synthetase
to synthesize asparagine (Asn) [7, 11, 13]. Since it is
assumed that the pharmacologic effect of ASNase
depends on the depletion of Asn from the circulating
pool of amino acids, determination of the degree and
duration of Asn depletion from blood is necessary to
monitor the efficacy of the enzyme [12]. However,
routine monitoring of Asn levels is still a laborious
task in clinical practice because the accurate mea-
surement of plasma Asn levels under ASNase treat-
ment requires the rapid inhibition of persistent
ASNase in the blood samples [3], for which a depro-
teinization procedure using sulfosalicylic acid (SSA) is
currently employed [8]. It is desirable to estimate Asn
depletion levels by measurement of the ASNase
activity, but available pharmacokinetic data on ASN-
ase treatment have not defined the minimum levels of
ASNase activity required to hydrolyze Asn in vivo and
ex vivo [1, 2, 5, 6, 15, 16, 20].

In this study, we measured ASNase activity using an
enzyme coupling method with a lower limit of detection
of 2 U/l in 14 children with ALL. Asn levels were also
measured in two blood samples with or without
deproteinization by SSA. The results indicate that Asn
levels are strongly correlated with plasma ASNase
activity even at low enzyme activities (<50 U/l).
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Materials and methods

Patients

Entered into this study were 12 children with newly diagnosed
ALL and 2 with relapsed ALL. Newly diagnosed patients were
treated with the Japanese Children’s Cancer and Leukemia Study
Group (JCCLSG) ALL-2000 protocols. The Regional Ethics
Committee approved the study protocol. Verbal and written
information about the study was given Lo the parents and
written informed consent was obtained. If appropriate, informed
consent was also obtained from the child. The patients were
stratified to standard-risk or high-risk groups based on age and
leukocyte counts at diagnosis [19]). The four-drug regimen
(vincristine + prednisolone + ASNase + Adnamycin) was
employed as induction therapy for the newly diagnosed patients,
In this regimen, nine doses of ASNase (Kyowa Hakko, Japan) at
2000 Ujm* were given intramuscularly three times a week start-
ing on day 9. After remission had been achieved, the patients
recetved intensified ASNase treatment: standard-risk ?aliems
received two weekly doses of ASNase at 2000 U/m* every
6 weeks for 6-18 weeks and high-risk patients received one dose
of ASNase at 6000 U/m® weekly for 6-11 weeks. One of the
patients with recurrent ALL was treated with the high-risk ALL-
2000 protocol and the other patient was treated according to the
ALL-REZ BFM protocol {10].

Sample collection

Blood samples were obtained when the last dose of intensified
ASNase treatment was administered in the JCCLSG protocol or
when the Jast dose of ASNase was administered in course R! of
the BFM protocol. Blood samples [or ASNase activity and Asn
level measurements were collected on day 0 (just before admin-
istration of the last dose) and gvery 2 to 3 days for 2 weeks as
part of routine laboratory testing. ASNase antibodies were also
measured in samples on day 0. Samples were placed in hepa-
rinized tubes and centrifuged at —4°C. The plasma was then
divided into three parts: one was deproteinized by adding an
equal volume of 10% (w/v) SSA, the second was immediately
frozen for Asn determination, and the third was frozen for
measurements of ASNase activity and amtibodies. .

Fig. 1 Plasma ASNase activity
and Asn levels after the last

205

Measurement of ASNase levels

A series of enzyme reactions are triggered when ASNase cata-
lyzes the substrate L-asparagine to produce L-aspartate in the
presence of 2-oxoglutarate, NADH, and the conjugating enzymes
Lglutamic oxaloacetic transaminase (GOT) and L-malale dehy-
drogenase (MDH). Through these reactions, NADH is oxidized
and the absorbance of the reaction solution is decreased. We
measured the ASNase levels using this series of reactions [4]. To
the patient's plasma in a 96-well plate was added a mixed
reagent solution of 2-oxoglutarate, NADH, GOT and MDH.
The plate was allowed to stand at 37°C and, after the addition
of L-asparagine solution to each well, placed in a plate reader
and reacted-at 37°C for 5 or 45 min to measure the decrease in
absorbance at 340 nm. The same procedure was applied to a
standard solution of known ASNase level (phosphate buffer
solution containing BSA) to produce a calibration curve. Te
correct for the effect of L-aspartate contained in the patient’s
plasma, the same procedure was carried out simultaneously by
adding phosphate buffer solution instead of L-asparagine solution
continuously to obtain a blank correction. The determination
limit of this method was 2 Ujl.

Measurement of the L.asparagine level

The patient’s plasma was mixed with an equal volume of SSA
under ice cooling. The mixture was centrifuged and the super-
natant was used as the sample solution. A given volume of the
sample solution was automatically injected into an amino acid
analysis system. The amino acid analysis was performed by RP-
HPLC using precolumn derivation with o-phthalaldehyde and
subsequent fluorescence detection according to the method of
Yasui [21]. The lower determination limit of this method was
40 ng/ml.

Measurement of anti-ASNase IgG and IgE antibody titers
Anti-ASNase IgG antibody and IgE antibody titers in patients’

samples were measured by the ELISA methods described by
Tsukimoto et al. {18) and by Takatsuka et al. [17], respectively.
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Statistics

The correlation between Asn levels after deproteinization with SSA
and plasma ASNase activities was assessed by Spearman’s rank
correlation test. SPSS statistical analysis software (SPSS 9.0 J) was
used for all computations.

Results and discussion

The mean (£SD) baseline level of Asn in plasma ob-
tained from 11 children with ALL before ASNase
treatment was 70454 1785 ng/ml. In the 14 patients

Table 1 Plasma ASNase activities and Asn levels in children with
ALL treated with 2000 U/m? ASNase. Some Asn levels and
ASNuse activities after day | are not shown in the table because
they were less important (ND not detected)

Patient Day Asn (ng/ml) ASNase (UA) Antibodies
number enzyme {U/ml)
coupling —_—
Plasma Plasma + SSA IgG IgE
1 0 ND ND 82 ND ND
1 ND ND 178
3 ND ND 58
6 ND 210 9
8 4830 5600 2
10 5580 5660 <2
2 0 ND ND 11 ND ND
l ND ND 123
7 ND ND 14
10 ND 1,360 4
14 6,430 6,510 3
3 0 ND ND 19 3 8
l ND ND 218
7 ND ND 17
10 ND 840 6
13 80 1,650 3
14 2,100 3610 2
16 3670 3930 2
4 0 6,013 6,122 <2 6 324
1 ND ND 12
3 216 2,622 2
5 5851 5871 <2
5 0 14,930 15,750 <2 3 283
1 ND ND 344
3 ND ND 169
5 ND 90 32
7 8,270 8,120 <2
6 0 ND ND 107 ND ND
1 ND ND 130
5 ND 42 19
7 4,000 4,940 2
9 7310 6,520 <2
7 0 ND ND 222 ND ND
3 ND ND 163
7 ND ND 15
[0 ND 98 3
12 4720 4980 <2
3 0 ND ND 60 ND ND
[ ND ND 246
5 ND ND 17
7 ND 2,070 4
9 7,000 7,720 <2
9 0 ND ND 243 ND ND
1 ND ND 378
12 ND ND 6

Table 2 Plasma ASNase activities and Asn levels in children trea-
ted with 6000 U/m® (patients 10, 11, 12 and 14) or 10,000 Ujm?
(patient 13) ASNase. Patients 13 and 14 relapsed. Some data for
Asn levels and ASNase activities after day 1 are not shown in the
table because they were less important (ND not detected)

Patient Day Asn (ng/mf) ASNase (U/l} Antibodies
number enzyme {U/ml)
coupling S —
Plasma Plasma + SSA IsG IgE
10 0 ND ND 36 2 23
| ND ND 481
7 ND ND 37
10 ND 60 10
12 170 1220 7
14 1600 2120 4
1 0 ND ND 27 4 61
1 ND ND 485
7 ND ND 21
9 ND 129 7
12 6l 7682 3
14 2107 9309 <2
12 0 ND ND 140 ND ND
1 ND ND 933
2 ND ND 964
It 160 ND 14
13 ND 1050 6
13 0 ND ND 6500 ND ND
1 ND ND 3430
16 ND ND 36
13 ND ND 12
14 ND ND 9
14 0 5850 6310 <2 1360 11,200
1 6010 6080 <2
16 4900 4870 <2

studied here, Asn levels were strongly correlated with
plasma ASNase activity. Figure 1 shows a representative
patient (patient 11, Table 2), in whom Asn levels in the
deproteinized samples were below the level of detection
(<40 ng/ml} until day 7 (ASNase activity 21 U/l), rose
to 129 ng/m! on day 9 {(ASNase activity 7 U/,
increased dramatically to 7682 ng/ml on day 12 (ASN-
ase activity 3 U/} and then increased further to
9309 ng/ml on day 14 (ASNase activity <2 U/I). In this
patient, Asn levels were significantly lower in untreated
plasma samples than in deproteinized samples from day
9 to day 14. These results show that very small amounts
of residual ASNase (2-7 U/l) in the plasma sample can
hydrolyze Asn before measurement [3].

Tables 1 and 2 show plasma Asn levels, ASNase
activity and antibody levels in 14 patients. In all patients
except one (patient 14 with a high antibody titer), mini-
mum ASNase activity to maintain Asn depletion levels
below the limit of detection ranged from 6 to 180 U/l
with a median value of 16 U/l. This finding is in accor-
dance with data reported by other investigators [1, 2, 5,
6, 16] and strongly suggests that the recommended
plasma level of 100 U/l to secure Asn depletion is not
required in all patients. In 11 of these 13 patients, the
enzyme activity corresponding to minimum detectable
Asn levels ranged from 2 to 32 U/l with 2 median of
6.5 U/l In the other two patients (patients 9 and 13), Asn
depletion (<40 ng/ml) persisted for the observation
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period (12 or 14 days). Patients with an ASNase activity
of 2 U/l or an undetectable activity (<2 U/I) had nearly
normal Asn levels: 4140%1161 ng/ml at 2 U/l and
723543107 ng/ml at <2 U/l (mean+SD). The Asn
levels (range 42-6510 ng/ml) after deproteinization with
SSA and plasma ASNase activities (range 2-32 U/l) in
14 samples obtained from 11 patients were significantly
inversely correlated by Spearman’s rank correlation test
{r=-0.803, P=0.001). This inverse correlation between
Asn levels and plasma ASNase activities for individual
patients is shown in Fig. 2. Thus, our assay system
showed that Asn levels are strongly correlated with
plasma ASNase activity in the very low range of 2-32 U/l
and that the detection limit is sensitive enough to esti-
mate the asparagine depletion levels under ASNase
treatment in plasma of children with ALL.

In one patient who had a relapse (patient 14) and
high ASNase antibody titers, ASN activity was unde-
tectable and Asn levels remained almost at baseline for
16 days after administration. Two other patients with
high antibody levels (patients 4 and 5) also showed a
rapid decline in ASNase activity and a very short
duration of Asn depletion. These results suggest that
“silent inactivation” by neutralizing antibodies reduces
the therapeutic effect of ASNase [4, 9, 14] and that
determination of antibody levels coupled with a sensitive
ASNase assay is more important in monitoring the
efficacy of ASNase treatment.
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ABSTRACT

Acute lymphoblastic leukemia (ALL) with 11q23 translocations is usu-
ally associated with MLL gene rearrangement, but little is known about its
leukemogenesis. We analyzed the gene expression profiles of pediatric
ALL samples according to their translocations. Using oligonucleotide
microarray analysis, we identified distinct expression profiles for 23 ALL
samples with 11q23 translocations, including t{(4;11) (r = 15), {11;1%
{n = 6), and t(5;11) (n = 2), compared with 9 ALL samples with other
translocations, including t{12;21) (# = 6) and $1;19) (n = 3). Gene
expression scores of FLT3, Meisl, and CD44 for samples with MLL
rearrangements were pariicularly high compared with those for other
ALL samples. Statistical analysis of the gene expression profiles for the 21
ALL samples with MLL rearrangements at diagnosis revealed two sub-
groups that exclusively correlated with prognosis but not with any other
clinico-pathological factor, The transcription factors CBF2 and CDP were
highly expressed in the poor and good prognosis subgroups, respectively.
In addition, their downstream target genes were differentially expressed.
These findings provide new insights into the biological mechanisms of
leukemogenesis and prognosis for pediatric ALL with MLL rearrange-
ments.

INTRODUCTION

The prognosis of children with ALL® has improved remarkably
over the last 2 decades {1-3). This success has been achieved by using
risk-directed therapy, which was developed after the realization that
pediatric ALL is a heterogeneous disease (4). However, 20-25% of
ALL patients still experience a relapse. Attempts to classify pediatric
ALL into therapeutically relevant risk categories have relied mainly
on clinical parameters, including age and WBC count at diagnosis, as
well as early response to treatment (4). Recent advances in molecular
biology have identified several genes involved in chromosomal trans-
locations of ALL, such as the E2A-PBX! chimeric gene in t(1;19),
ETVG6/TEL-AMLI in t(12;21), BCR-ABL in t(9;22), and MLL-AF4 in
t(4;11) (Refs, 1-5). Patients with t(12;21)-ALL have a good prognosis
while those with t(9;22)- or t{4;11)-ALL have a poor prognosis. Infant
ALL with MLL rearrangements (MLL-Re-ALL), including t(4;11} and
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t(11;19), is strongly associated with poor prognosis (6). Thus, cyto-
genetic or direct molecular genetic methods have become an essential
part of the routine diagnosis and follow-up of acute [eukemia patients,
as well as increasing our understanding of leukemogenesis.

The MLL gene {also known as ALL-I or HRX), located at 11q23,
encodes a protein of 3969 amino acids containing zinc fingers and
AT-hook motifs and has homology with Drosophila trithorax protein
(7-9). The MLL gene fuses with >30 genes on various partner
chromosomes (10-12) and is highly conserved across species.
Through its regulation of the HOX genes, MLL is essential for normal
mammalian development and hematopoiesis. Although the function of
the various MLL fusion genes and proteins is poorly understood, it
appears that their fusion proteins disrupt the ability of wild-type MLL
to regulate HOX gene expression, leading to leukemogenesis (13).

Recently, a genomic approach to cancer classification, including
leukemia classification (14 -17), based on gene expression monitoring
using DNA_ microarrays, has been reported, with a distinct gene
expression in pediatric T-ALL shown to be associated with a poor/
good prognosis (17). MLL-Re-ALL has been reported to have char-
acteristic, distinct gene expression profiles that are consistent with an
early hematopoietic progenitor cell expressing selected multilineage
markers and individual HOX genes. Clustering algorithms reveal that,
based on their gene expression patterns, acute leukemia with MLL
rearrangements can clearly be separated from conventional ALL and
AML (18), suggesting that they constitute a distinct disease. Among
MLIL-Re-ALLs, infant patients have a poor prognosis. However, chil-
dren > 1 years old have a relatively good prognosis (4). We used an
oligonucleotide microarray to analyze the expression of >12,600
genes in feukemic cells from 31 pediatric ALL patients, including 135
with t(4;11), 6 with t(11;19), and 2 with ((5;11). We found that
MLL-Re-ALL could be identified from the distinct expression pattern
of several genes, including FLT3, CD44, HOXA9, and MEIS!. Fur-
thermore, using the gene expression profiles, each of the t(4;11),
1(11;19), or t(5;11) found in MLL-Re-ALL could be classified into two
distinet groups, with differential prognosis, irrespective of their trans-
tocation partner chromosomes.

MATERIALS AND METHODS

Leukemia Samples. Leukemia cells from the bone marrow or peripheral
blood of ALL patients were obtuined with informed consent at diagnosis or
relapse. In each case, the percentage of blasts was >90%. CD19 was expressed
in all samples, but CD2, CD5, and CD7 were not expressed in any samples, We
analyzed 32 ALL samples with chromosomal translocations, comprising 3
samples with t(1;19), 6 with ¢(12;21), and 23 with MLL rearrangements,
including 15 t(4;11), 6 t(11;19), and 2 t(5;11). Samples were obtained both at
diagnosis and relapse from one patient with t(4:11) and only at relapse from
one MLL-Re-ALL sample. Therefore, the remaining 21 sumples were obtained
only at diagnosis. Al of the translocations were subjected to karyotype
analysis, fluorescence in siru hybridization, and/or Southern blot analyses, and
MLL partner genes were confirmed by RT-PCR as described elsewhere (11,
19-21). The ¢ 1;19), t(12;21), t(4;1 1), t(11;19), and t(5;11) samples were found
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