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Late Effects of Stem Cell Transplantation Performed for Childhood Cancer
Yasushi Ishida

Department of Pediatrics, Ehime University Graduate School of Medicine
(St. Luke’s International Hospital)

By reviewing relevant English literature, | evaluated the major late effects of stem cell transplantation

(SCT) performed for childhood cancer. The late effects were attributed to 2 major causes : conditioning treat-
ment and chronic graft-versus-host disease (GVHD), Lung toxicity was found to be a common cause of morbid-
ity and mortality after SCT. Many children developed endocrinological dysfunctions including growth hor-
mone and thyroid hormone deficiencies. Infertility was observed in 98—99% of patients with SCT, because go-
nadal damage frequently occurs after conventional SCT for cancer. Secondary immunodeficiency was found to
be persistent in all children with SCT : therefore, post-transplantation reimmunization is indispensahle (this
recommendation has been presented). The cumulative probability of secondary solid tumors was estimated to
be 11% at 15 vears after SCT.

These results confirm the requirement of long-term follow-up of children with SCT. 1 have also explained
the screening and preventive practices for long-term survivors after SCT that were recommended by the
European Group for Blood and Marrow Transplantation, Center for International Blood and Marrow Trans-
plant Research, and the American Society for Blood and Marrow Transplantation.
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PCR Based MRD Quantification with [g/TCR Gene Rearrangements on Childhood ALL

Toshinori Hor1,”" Tomomi Yamapa,” Kazutaka Yaman,” Yoshiro KiTAGAwA."
Masahito Tsurusawa™ and Shouhei Yokora™

" Department of Pediarrics, Aichi Medical School of Medicine
“ Department of Hematology, Kyoto Prefectural University of Medicine

Abstract Polymerase chain reaction (PCR)-based minimal residual disease (MRD) quantification on childhood acute
lymphoblastic leukemia (ALL) is performed with immunoglobulin (Ig)/T-cell receptor (TCR) gene rearrangements by
amplification of the clone-specific sequences of the junctional regions of the monoclonal rearrangements, This method
has been developed and standardized in Europe, and become essential to large-sized multicenter clinical trials. As sev-
eral studies have elucidated a strong correlation between the MRD levels at an early stage of therapy and clinical out-
come on various cases, many trials have incorporated the stratification according to the amount of MRD. In Japan we
have detected gene rearrangements of TCRy, TCRS, Igx and IgH with multiplex PCR and heteroduplex analysis and
measured MRD levels by nested PCR in the Chldren’s Cancer and Leukemia Study Group (CCLSG). Consequently
we have conducted protocols with PCR-MRD-based stratification founded on the data from our retrospective study of
MRD quantification. However our technique of detection of rearrangements and MRD quantification is not satisfac-
tory, compared with the standard method of European countries. We are now trying to introduce these current methods
such as real-time quantitative PCR (RQ-PCR) to achieve high enough quality to fulfill the global standard of PCR-
based MRD quantification.

E B /DRAMY »oothAMm (ALL) T, MBI RE s o7 ) » (Ig) & THRZEE (TCR)
BEFHE/ 70— VICHEEKLTVWSC LEFAL, TOEMEENLEEEY 4 PCRIGIET 2 - &
TMRD ERMS{THONATUS, ZOFFEEI—o o AthIcBIRe s Bkt s, AR BERETT I
AAREFEL L 2TWS, HE{OWRER» S, MNEALL D2 £ X EHEFTEFERED MRD L <
WHTEREEVEB L RT C LB, EAOBILOFHLETFE L THEBE~ONALRS S A
T&7, bBETSNEHSAEMBHEY v —7 (CCLSG) <6\ T TCRy, TCRS, Igr, IgH iz TEH
WK% % — 4w b IZ nested PCR I2 & ATEMAThh, AEEIMLICICHSNTE 24, 20FBMOKE»
EfMFEIc2 0TI}, RQPCRUED I —o w ORI HRFHEEB LT, E#ELLOEGVANE L,
HEEbnbnl, @A LE—EED MRD EROMETHLEEL, HLElMoMasET-TV 3,

Key words: acute lymphoblastic leukemia, minimal residual disease, Iz/TCR gene rearrangement RQ-PCR
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EMEGERENS%IEL TV A 4, kDO TFET
MAEF LBt THEEREBECMS 2EATSA
10~20%D BROTHEEY S D, 0L L TERTRIE
P-4 5 BEh S MRD EROH RS S,
ZOBERERO T FETREEAEL Lo,
GRS E S ARICEGT 2 EHREE L o TEAS
DIEMEICHETE S 512512, flow cytometry’ & polymerase
chain reaction (PCR) MWW TiThbh T & 7.
PCR i1 10" 25 10° (= | HORE T MRD @ H A a]HE
T, RBERF IO REBIZFOMBHEEL -
MRD # =% > b & L TEERIEHEhTE L, A
ALL E 8V THBEERMES AT WA BRI
PiRA S - 72, —F, ALLIzf{EESN 3 ) ¥/ RiEE
3, ®fEY o 71 » (immunoglobulin: Ig) # & T #
HZ %% (T-cell receptor: TCR) B i+ O HRLAETT
TABETH o - YHRICEREML THESLL, o
Ap H U 13 recombinase & terminal  deoxynucleotidyl
ransferase P Ic L H 2 o — VFERYOEEET £ 4
S EAMAIGRTVLWAY, PCRICE S MRD ERIZc O
FRAENERIB LT 1990 EASEHA ST, WEY
Afitik, LM THO MRD L~ 0 S FRE - 0t
MArE s, Tokoy ol NAShTV A,
ATty EOHARNEahELbOOVEL T EE
A9, S EEC < voBRRBRIcHtAL S 5 R
TOEROHEIED Oh B EEZ SNE, KBTI,
PCR IZ & %5 MRD SERMOEMAOLEB LB, BLU5
BOMHAAIZSVWTIHNE,

1. /MR ALLA#E PCRICK S MRD B8

LL

Berlin-Frankfurt-Miinster (BFM) # /& — 7 @ van
Dongen 5 {2, A ALL 240 % 5% & L 72 prospective
gl T, ERBAEH S ML 12 808 MRD L~
mudh b, B0 BT I EERRMTATH
5%, 2%&, HEICTFRLiOEMMAS R EHEL
Y F 1o, daylS B A FHMRD LA LD SERT,
SIERGERM 10 LILET 6% TEHE-DicHL, 107
R T 100% &, EFEFRNO MRD & Fi#% L 0M
LS L 12", & 502 Willemse S i3 T-ALL fE )
25U TRRHT L, precursor-B-ALL & Lb#% L T MRD L
N DRENEN T LG, T-ALL T MRD L ~<uhs
INEHLETFEEFTHEEILEMELTVLAY. UE
DEIUPCRICEZMRDO 7 — 7 OBPOHER, F
Tt ALL BRI BT MRD 12 £ S iEFEIHL
HORA ST LA, Dana-Farber Cancer Institute (DFCI)
5 @EE T, DFCl ALL Consortium Protocol 95-01

& prospective 1EREHT A S, VR precursor-B-ALL ¢ 5
HREBEEREAR THOFH MRD 2 10 £fORF
T12% 107 L LOBT2%EEEZL0N, 2010
HFHTFRIC BB cut-off L <L TH B L~ EAT
BHh", chzblic 10 loBogE ealbaht,
£ 72 International-BFM-Study Group (I-BFM-SG) T &
Assosiazione ltaliana di Ematologia ed Oncologia Pediatrica
(AIEOP)-BFM ALL 2000 28T, iEWMEGHE s B L
12 8O MRD 28 & & (B ORE P 2 S fERRE & L
THEREPEELTVW AN, CORMEL DI, L
BFM-SG MRD study 91 2%+ & @dsEkEi (L6210
Fidh), mfakEE (& viz10 L), PMEER (20
ft) @ 10 £ event free survival (EFS) #1E #1111 0.93,
0.16, 074 LWHF—#THA" (Fig. 1). bHETY
CCLSG T2, ALL2000MRD, ALL2004 O %G #ERFR T
128E®MRD L ~uhs 10" LLLEoERIzR LT, #
NUBOIERE | 7 » 7 EOBIRROER~LHT 51
TrafmibZiT- T A",

Pl & 5z, #1% ALLICH T3 PCRITE S MRD
CMLTsx &z SMEMNBES ATV A —F, BR
ALL ®®ER I 2@ Meaiares (scT) Bdo
BHEOLBRREENG., HBRALLICD LTI, Ekert ot
BFM 77 /L — 7@ ALL-REZ BFM 90, 95, 96 tH%Cic & 14
5 S2#ITB LT, day36 @ MRD BEHER 16 il 6 5
EFS #4086 TH A @izt LT, MRDIBHER 10 Az 0
THhonti@MELTED, MRD ERick -» ThEiZT &

MRD-SR (n = 55, 93%)
L [

MRD-MR (n = 35, 74%)

1.0
0.9
0.8
07
0.6 ¥R

= 05

P o4
03
0.2 —
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i M SER—

MRD-HR (n = 19, 16%)

Log-Rank, SF ve MA P 0018 SR vs KR PO 0001 MR va HR Pcl.000)

01 2 3 45 6 7 8 9 1011 12131415
years

Fig. 1 10 years EFS of the I-BFM MRD swudy 91
(Flohr T, et al'")

Patients in the standard risk group (MRD-SR) have
MRD negativity at both time points | (3 weeks after the
diagnosis) and 2 (12 weeks after the diagnosis). Patients
in the high nisk group (MRD-HR) have MRD levels =
10 " at both time points. The remaining patients form
the intermediate nsk group (MRD-MR ).
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HSHEMOERZICEP ERTFEOTFMEFTHE L 2~
TWA"Y, FLSCTIZ2WTiR, BFM 7 =7 SR

mEtEE £ OES ALL o0 5 B fGEmsdiai kg o
i1l MRD L FEB Iz oL
nTuw Bader o Dl EIZ L 5 &, MRD B#:E,
MRD [E¥: 8O 5 8 EFS A€ LT 1032, 0.78",
Sramkova > DI LS £, 107 L FT MRD Bt
EF S FEEPELCTE D, £hicttl T MRD BitD
170018, 1 AlOSHEFELA SR MEREET, LWTh
OHELEBICHMlA MRD VBN LT RRTFTHE S
EEGEAL TV AY,

I

s,

1. HHIEICHEFSPCRIZLS MRD BB

HHEO MRD SERE, 1990 EL b HEH S % dulz
Children’s Cancer and Leukemia Study Group (CCLSG)
DENMEZIC THMEZ 1, Okamoto A4 ALL9IT FFRIZ
% V% retrospective TS BRI T, G E 12 BBl
MRD b ~ovd 107 LI Lo Ef 3 E&EIcFRARTS -
REHELTED, BRBMEZR D ET3BAOHE L
EIOERERL 2", COMBELEBEA T, filtoim
{ 2000MRD #f% T prospective IcHiTA4{Th i, HiTto
2004 HFF~EHEV TV S, £ O A (2 multiplex PCR”
& heterodupulex analysis' (= & % Ig/TCR # 1z 1 5 W 5%
DHEH &, nested PCR™ (24 A MRD ERAZHEA L LT
BYH, ZHEGAEHRICLZ 2 M ToREER K
L7 o b2 —vokilzalfes L ",

Igk

IgH

Fig. 2

22

& 45 Q008FE8H
1. Heterodupulex analysis (24 3 1g/TCR #IEFEIE
o%; Jis
0 REFMNEs S0 B2 2 74 D DNA %
Mt L*, TCR4. y iz ThEh e flidH Ipge TS
MEOBHWKLR 2 ) —=» 7% (BiulsH R0 s,
T IgH O F R o FE 2B L T) multiplex PCR 12
TITH™ (Fig. 2). X512 ®PCREHIZoVT, #1)
TZ2UT L EFLVEZESE (polyacrylamide gel electro-
phoresis: PAGE) ST 7 o—tfoHH#HAHBIL, 85
NI - Fiz20 T, 2ot SED 0 8EFR
PR LT, EMRENSENE ST allele specific
oligonucleotide (ASO) {ERE 4 3
(Fig. 3). 724, multiplex PCR £ heterodupulex analysis
(3 standardized BIOMED-2 protocol™ (233 WL T iThh
5.
2. Nested PCR [C &% MRD Ef
ERO ORI L 72 8#i DNA %, ¥)2E D DNA,

FERMAOME DNA (F136 DNA OER 3 » b o —
WDNAIZES 107 35 107 2 TOFMMARTD L &4
CE - (R LERATPCRIGIET 5. T T Tl nested
PCRZAV, ZhiANOERED TSI v —t s b B
£ AWM germline 7 5 4 T — L ASO 754 7 —TD
2RO PCRETIAHETE S, BUENETSH S bhuffy
coat DNA T+¥» Fi& o 3 £ THIREITV, Thyt
MES ALV REBOH I 70Ty FEBATLAHR
FANE L - THRIEREEE L, Wiko >y ¥ EHRBET O

e
2L

2
Fpe

734 v —%BE,

Vrl-dr 1323, Vr2-dr 1,323,
V7371323, Vr4dr L33,
Vri-dry L2 Vr4dr Lz

VI, Vet
VEInaIai

Vi ss
Dd3IS

D3IDAA

Vel-kde, Vk2-kde
Virld-kde Vi4-xde,

RS-k de

VH1/7-JH, VH2-1H, VH3-JH
VH4-JH,VHS-JH. VH6-IH

Ig'TCR gene rearrangements detected in CCLSG

N: nucleotides, kde: x deleting element, RS: recombination signal sequence.
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Fig. 3 Design of the allele specific oligonucleotide (ASO) primer of an example case with Ig & gene

rearrangement

The clone-specific sequence at the junctional region of the gene rearrangement is analyzed after detection of the mono-
clonal rearrangement by heteroduplex analysis. We found deletion of 3 nucleotides on RS and 3 nucleotides on kde, and
insertion of 3 nucleotides between them. The ASO primer is designed on the position indicated by broad arrow,

(F5 9= HEE LT MRD REBIEL 5 (Fig 4).
IV. B5CEI1T2 PCRICES MRD B8

BFM 7 — 7|3 1993 fF L 0, 3 — oy <ot [E-E
T H % BIOMED-1 Concerted Action I=T, PCR Iz 4 3
MRD JE it O [HPEA 4 BREE(LICHT b #15, TCRS, TCRy,
lgx 45 & OF TAL-I deletion @ FFHERE IR IC L8055 54 @
Trdw—=%, |EABI-DBDR2 ) —=v 7H
multiplex PCR D7 0 b 2 — WAETE S 1, single & 5\
(3 nested PCR DEICHEHES < U & & L 7= EFI4E RN
Junctional region probe % H{ L» 7= dot blot hybridization i=
Lo TMRDDE=F ) &7 5FpBERs L,
CHUZHEL T 1998 EH S5 % - 72 BIOMED-2 Concerted
Action Tld, PCRIZE B v ~HBHERED 2 o+ 1
T o BWAERILS N, TCRI, TCRy, Igelcili T
IgH, Igd. TCREBETOHMAMA Y =4 o b ELtiarz,
TAZMEG, FRIcHBEhi:-7 5 1 = - TOWMBRY
multiplex PCR @ » 2 7 A L IZIGZEM S L U heteroduplex
analysis @ AR ML X h £,

—HTEME S, AIEOP-BFM ALL 2000 70 b 32 — 14
IZ&1 5 Z MR O MRD BFE O T, BN
M TREOLLF - 2 INBEEHM E LT, I-BFM-SG
D MRD BMEE &SSO TFOER{LRE xh i
TORE, EEHALST realtime quantitative PCR (RQ-
PCR) D MES SH, TOBBEEOREL ERE
TH S, GEHRD dot blot hybridization & @ 7 — ¢ @ H#)
HUTHALZ%Y, 2ENIC RQ-PCR ~EFThilEs &,

CHLTHEfTaNER T o b 2 — LT, s o—
DAtz £ 5 MRD EBOBREER < HovT, KA
ELTLRCEL 220107 LFOMES &> FHiMk
Py b HBLBEEN, 107 % cut-off £ L T day33
L day78 D MRD L XMz k5T Y X2 7 e— 7 D@
{LEfT- TV, REEIC ORI EIETH - 12
ERE 2D 78%, | 2 LBk Y — 4 - r TS
o o fERIE 3%, W 2B LED 2 — 5 o + iR
TEIEPIL 92%, BRIHTEXTERWEA 10 1BLA
Mo\t 6%blEshTVE"Y, BFEM 7 L—7D
RQ-PCR IZ2 LT iE, 2002 42 European Study Group on
MRD detection in ALL (ESG-MRD-ALL) #3837 & h,
TEMFI SR, FuBEfomR s Fis o7 —
SHROHA F 514 AMERicH - THEY, BEI—o.
NERLHESTSEL O 30 OWRBERABMLTL
5,

% /2 DFCI T & RQ-PCR (=& %5 MRD EEftH47h 1,
TCRS, TCRy, IgH BizTHMEEHRLELTWE,
DHEMKDRHRGE, 107 LTFoEED &0 2L
LT, BRITORSE, RTTIREERL £ E D 65%, Bt
THEMI D 13%, BERRICE BBAFSS%TH -1 L
wEshTwa",

V. DHEICEFEFHEMYES

1. BEFABRATIY -z TDNR
AIEOP-BFM ALL2000 I2# T, % Ig/TCR Mz T/
WA ok BB £, 1gH, lge, TCRy, TCRS @Iz

~ 205~
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Fig. 4 Comparison of the data between nested PCR and RQ-PCR on a MRD-positive case in CCLSG

A: nested PCR. The bone marrow DNA sampled at diagnosis (10°) with the serially (with 10-fold dilution step, -107°-107")
diluted leukemic DNA of 10" in the BC (buffy coat) and the bone marrow DNA of the target sample (P1) were amplified
with BC as a normal DNA control. We measured the MRD level of Pl as= 10 * at the sensitivity of 107, B: RQ-PCR
The amplification plot of this assay is shown on the left and the standard curve on the right. These were analyzed by the
Applied Biosystems StepOnePlus™ real time PCR system and the threshold of the amplification plot was 0.038613. The
serial dilutions ranged from 10 ' to 10" and BC were tested in triplicate (BC was not amplified in all replicates). The data
of the target sample (P1) are indicated by arrows on each figure. The quantitative range and the sensitivity of this assay
were defined as 107" and 107" respectively, and the degree of the slope and correlation coefficient were in the acceptable
range according to the guideline of ESG-MRD-ALL™. The MRD level of P1 was quantified as 1.4 % 10, which was con-
cordant with the result of nested PCR,

TN A =2 —TRY | —= ¥ FEBET

46%, 422 i@ T-ALL T 12%, 0%, 84%, 49% T3 - T4 (Table 1). & < IZ precursor-B-ALL T® IgH, T-
", TOEIIIE, BREDALLO A FICE->TH ALL TD TCRy 12 90% Ll Lol EEHLHELS
M ORI ENH L ZEARINY, BFM Y v —7 e bhbhbEZAHBEHEHCZELL TS 285N

2,854 7| precursor-B-ALL TE N F 11 83%, 43%. 53%.

Fable 1 Ig/TCR gene rearrangements of precursor-B-ALL and T-ALL detected in
Erasmus Medical Center in BFM group (courtesy of Prof. JIM van Dongen

Precursor-B-ALL T-ALL

WIpL121 VylJyl.3/2.3 121 VylJyl323
ICRy  Vy2.J; v2-Jy13/2.3 Vy3Jy1.322.3
- Vy4-]y1.3/2.3
V41-DJ81 V42-Dd3
TCRS V62-DJ61  V53-DJa1
_ D82-Dé3  Dé2-J51
on VBB VBJB
TCRA DAJ5 DAls
Vil-xde \'-K':‘.'A'l]l_‘
lgx Vik3-xde Vid-xde
RS-xde )
s e
g VHI~T DHI1~7-JH

DH1--7-JH
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MW T 2 %45 multiplex PCR D F = — 7D§ASHE
AFELL CHAIEMAT, SSN2F8EY -7 b
otiFE L2 HIEL T TCRE MIEFHillsko 2 7 1) —
~x 7VOBALERL TV 5, TCRS O 2tho ®i=
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Minimal Residual Disease Analyzed by Flow Cytometry

Takao DEGUCHI

Depariment of Pediarric and Developmental Science, Institute of Molecular and Experimental Medicine,
Mie University Graduate School of Medicine

Abstract Minimal residual disease (MRD) during chemotherapy has been applied to evaluate the response to the
treatment, which is one of the most powerful predictors of relapse. In many strategies of MRD measurements,
immunological MRD by flow cytometry is a very practical and widely applicable tool for monitoring MRD in patients
with childhood acute lymphoblastic leukemia (ALL). This method is based on the identification of immunophenotypes
expressed on only leukemic cells and not on normal hematopoietic cells in bone marrow or peripheral blood. It has
already been reported that this method can identify 0.01% of leukemic celis, and 1s applicable to more than 90% of pa-
tients with childhood ALL. Because of a strong correlation between flow cytometric measurements of MRD during
clinical remission and treatment outcome, recent treatment protocols in the United States or European countries have
already applied MRD 1o choose the intensity of treatment protocols.

Nevertheless, clinical application of MRD is still limited in the treatment protocols of childhood ALL in Japan. It
is unquestionable we have to choose appropriate treatments proportional to the individual nisk of relapse, which is pro-
vided by the measurements of MRD, immediately in Japan.

E §F ®MVPHEFHZE (MRD) B, b bMNUTRETFO 1 2THD, ERREHELZHEBET 520
BHanTVLS, £2{DMRDAIEEDODT, 7o—+1 b4 b)) —%2HHRE¥0 MRD i$, EEICH
fiz, JRBEEY v o¥AmME (ALL) BETRIEL®==7 ) v FicEREhTVWA, ZOKHER, BIFE
HEEA L COAFET 2REFNRBARLZEETSI LT, 001%DBEE L5, 90%LL LD/ ALL
ZIEMEETH 5. MRD O & ERTEORMICE, MOOuMESFESTACLMT TICHEShTED,
kst 32 0/pNRALLIER7Z 0 b 3 - A TREREEOREIC, COREFN MRD 2FEBEICHV
TWa, L Luds, haEIcEE 5 MRD OBERICH 2V E2ZIRFEN T, B rEMEE ORI « ik
ok fzbicid, bAETLEPHICMRD DRIEICLD Y 27 HEHMEENLLBNBLLEELS
ha,

Key words: minimal residual disease, flow cytometry, acute lymphoblastic leukemia
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Immunophenotypic markers used to detect MRD in children with ALL

St. Jude CRH

I-BFM

[ B-precursor]

CDs8 CDI0 CD34 CD19

CD38 CDI10 CD34 CDI19

CD45 CDI0 CD34 CDI19

CD22 CDI0 CD34 CDI19

CD21 CDI0 CD34 CDI19

CDI3 CDI0 CD34 CDI19

CD33 CDI0 CD34 CDI19

CDI5 CDI10 CD34 CDI19

CD65S  CDI10 CD34 CDI19

CD66c CDI10 CD34 CD19

[gM  CDI0 CD34 CD19

7.1 CDI0 CD34 CD19

Tdr  CDI0 CD34 CD19

i CD10 CD34 CD1Y
[T-lineage]

Tdr CDS ¢CD3 CD19+33+DR
CD34 CD5 ¢CD3 CDI9+33+DR
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CDIS CD34 CD45 CDI19
CD63 CD34 (D45 CDI1Y
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Tdr CD7 sCD3 c¢CD3
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Fig. 1 Monitoring of MRD with anti-CD38 (upper panels) and anti-CD45 (lower panels) labeling

Bone marrow (BM) cells from a child with B-lineage ALL were studied at diagnosis (left panels), on the halfway (15th
day, center panels), and at the end of remission-induction therapy (right panels). At the end of the therapy, the patient was
in complete morphologic remission. Flow cytometric dot plots illustrate the expression of CD38 or 45, and CDI0 on
CD34+/CDI19+ cells. In this patient, most CD19+ cells at diagnosis were CD34 + | and indicated lower expression of
CD38 (A) and CD45 (D). At the end of remission induction, CD19+ CD34+CD10+ CD38low (C) or CD19+CD34 +
CD10+ CD45low (F) cells represented less than 0.01% of BM mononuclear cells, although these phenotypes were found
in 32.5% (B) and 31.9% (E) of cells, indicative of MRD on the halfway of remission induction, It is of note that
immunophenotypic modulation can be observed for CD45, but is not remarkable for CD38 in day 15 BM samples (B, E).
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sults of MRD analysis were indicated with peripheral blood sample (10th day, D), BM cells (15th day, E). and at the end
of remission-induction therapy (F). At the end of the therapy, the patient was in complete morphologic remission. Flow
cytometric dot plots illustrate the expression of anti-TdT and CDS on ¢CD3 +, HLA-DR-/CD19-/CD33- cells. At the end
of remission induction, T-ALL-phenotype cells represented less than 0.01% of BM mononuclear cells (F), although these
phenotypes were found to be 8.14% (D) and 1.90% (E) of cells, indicative of MRD halfway through remission induction.
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Abstract

The prognosis of leukemin developed in Down syndrome (DS) patients has improved markedly.
Most DS leukemia occurs before 3 years of age and is classified as acute megakaryocytic leukemia
({AMKL). Mutations in the (GATA/ gene have been found in almost all DS patients with AMKL. In
contrast, it has been shown that occurrence of DS acute myeloid leukemia (DS-AML) after 3 years
of age may indicate u higher nsk for a poor prognosis, but its frequency 1s very low. Age is one of
the significant prognostic indicators in DS-AML. The prognostic factor of gene alterations has not
been reported in older DS-AML patients. We here describe the case of a 7-year-old DS boy with
AML-M2, who had no history of transient abnormal myelopoiesis or any clinical poor prognostic
fuctors, such as high white blood cell counts or extramedullary infiltration. We molecularly ana-
lyzed the GATAI, FLT3, MLL-partial tandem duplication, NRAS, and RUNX! (previously AML!)
genes and did not detect any alterations. The patient has lived for more than 5 years after treatment
on the AML99-Down protocdl in Japan. This suggests that a patient lacking these genes alterations
might belong to a subgroup of older DS-AML patients with good prognosis. Accumulation of more
data on older pediatne DS-AML panents i1s needed. © 2008 Elsevier Inc. All nghts reserved.

1. Introduction

Children with Down syndrome (DS) have a -20-fold
higher incidence of leukemia than do unaffected children.
Most DS leukemia is diagnosed as acute megakaryocytic
leukemia (AMKL), which occurs before 3 years of age.,
and the prognosis has markedly improved |[1—3). Infants
with DS and transient abnormal myelopoiesis are at high
risk for later development of AMKL, usually by 3 years
of age. Recently, it has been reported that mutations of GA-
TAJ are present in virtually all cases of DS acute myeloid
leukemia (DS-AML) [4.5]. The same mutations are seen
in transient abnormal myelopoiesis cases as well [5].

* Comresponding author. Tel.: 4+81-3-3823-2101, fax: +81-3-3824-
1552
E-mail address: m kawamura@cick.jp (M Kawamura)

0165-4608/08/% ~ see front maner © 2008 Elscvier Inc. All rights reserved
dor 10 1016/) cancergencyto 2007 (K 018

Furthermore, in paired samples from transient abnormal
myelopoiesis and AMKL in the same children, identical
GATA] mutations were found [4—6], suggesting that DS
with transient abnormal myelopoiesis and AMKL are
within a biologically homogeneous group. GATA] mutation
is a very early event in the development of DS-AMKL and
in the process of multistep leukemogenesis [4,7].

On the other hand, DS-AML occurring after the age of 3
years may be completely different from that occurring be-
fore the age of 3 years, and may instead be biologically
similar to de novo AML in non-DS patients, Multivariate
analysis of data showed that children with DS aged =2
years at diagnosis had an increased risk of relapse after
treatment [2]. There has been no good classification of
DS-AML patients between the age of 2 and 4 years, Clas-
sification of the biological differences would probably be
more useful than a better age cut.
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Here we describe the case of a 7-year-old boy with DS-
AML who lacked mutations of GATA/, FLT3, MLL-partial
tandem duplication (PTD). NRAS. and RUNX] (previously
AMLI) genes. The prognostic factors for DS-AML, partic-
ularly in older children, are still unknown. The present case
supports the hypothesis that DS-AML patients who do not
have alteration of these genes have a good prognosis.

2. Case report

A 7-year-old boy with DS presenting with a persistent
fever was admitted to our hospital because of anerma and
thrombocytopenia. On admission, he had a pale face and
systemic petechiae and purpuras. No cervical lymphade-
nopathy or hepatomegaly was noted. Blood testing revealed
a white blood cell count of 7,500/pL with 9% myeloblasts,
8% segmented neutrophils, 15% monocytes, 49% lympho-
cytes, and 6% blasts, a hemoglobin concentration of 6.1 g/
dL, and a platelet count of 41.2 » 10%/pL. Bone marrow ex-
amination revealed 66% blasts (Fig. 1a) with 39.2% mono-
cytoid blasts and 18.8% myeloblastic cells with Auer
bodies (Fig. 1b) and azurophilic granules. The diagnosis
of AML-M2 was made according to the morphological
and immunophenotypic criteria of the French—American—
Briush (FAB) classification in combination with other
laboratory data.

Even though the differential count showed a predomi-
nance of monocytic cells, myeloblasts (15.2%) and myelo-
blastic cells (18.8%) were 34% of total. These cells were
positive for peroxidase staining (73.5%), and both nonspe-
cific (5.8%) and specific (55%) esterase staining. Nonspe-
cific esterase-positive cells were <20% among blasts,
which matches the criteria of FAB-M2. Immunophenotypic
analysis of CD45+ cells showed the presence of CDI3
(56.8%). CD33 (86%), CD38 (95.2%), and HLA-DR
(26.7%) antigens and the absence of CD34 (2.7%).

CDI11b (11.7%). and CD14 (0.6%) CD11b and CDI4 pre-
sented on monocytes were negative in this patent. Cytoge-
netic analysis demonstrated the 47.XY.+2lc karyotype in
20 bone marrow cells.

The serum and urine lysozyme level has been used as an
aid in distinguishing AML with maturation (FAB-M2) from
acute myelomonocytic leukemia (M4). In this patient, the
count of monocytes in peripheral blood was 1,125/uL.
which is less than the 5,000/uL of the FAB-M2 cniteria.
The serum lysozyme level was 25 pg/mL (normal range.
5—10 pg/mL) and the urine lysozyme level was 0 pg/mL.
The level of lysozyme of this patient in peripheral blood
was less than threefold of the normal range. Collectively,
these data led us to diagnose this patient with AML-M2

The patient was treated on the Japanese Childhood AML
Cooperative  Study Group Protocol for DS patients
(AML99-Down protocol), which consists of pirarubicin
(THP-ADR) (25 mg/m® on days | and 2), etoposide (150
mg/m” on days 3—5), and cytosine arabinoside (Ara-C)
(100 mg/m” on days 1—7) at five cycles every month
[8.9]. No prophylaxis for the central nervous system was
performed.

On the first eycle of chemotherapy, he had severe muco-
sitis and high fever for 5 weeks. On the second cycle, he
had high fever during therapy. We considered this fever
a side effect of Ara-C, and therefore methylprednisolone
was given for 30 minutes prior to drip infusion of Ara-C.
The patient obtained complete remission after the first cycle
of chemotherapy and has continued in complete remission
for 5 years without any reoccurrence.

3. Analysis of GATAL, FLT3, MLL, NRAS, and RUNX/
genes

Whritten informed consent was obtained from the parents
of the patient. RNA extracted from his bone marrow cells at

Fig | Initial bone mamrow smear at diagnosis. (a) Bone marrow aspirate showing hypercellulanty (Giemsa staining). (b) Leukemic cells with Auer bodies

(mmowhead)
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diagnosis was reverse transcribed to ¢cDNA and alteratons
of GATAI, FLT3, MLL-PTD, NRAS, and RUNX! genes
were examined as previously described [10—-13]. Bnefly,
mutational analysis of GATA/! within exon 2, where there
are hot spots, was performed with reverse transcription-
polymerase chain reaction (RT-PCR) followed by direct se-
quencing [11]. Point mutations of FLT3-D835/1836 were
examined with restriction fragment length polymorphism
(RFLP)-PCR [12] and FLT3-internal tandem duplication
(I'TD) was analyzed with RT-PCR [11,13]. MLL-PTD was
examined with simple first-round RT-PCR using the primer
pair located between exon 9 and exon 4 [14]. Mutation of
NRAS and RUNX! genes was examined with PCR-single
strand conformation polymorphism analysis (SSCP) and di-
rect sequencing [15].

4. Discussion

Lange et al. [16] studied 1,206 children with AML, in-
cluding 118 (9.8%) DS patients. Among these, >95% of
AML patients with DS were <5 years old. FAB-M7
(AMKL) was found in 62%, and FAB-Mlor M2 in 10%.
Children under 2 years (n = 94) treated on Children’s Can-
cer Group (CCG) studies 2861 and 2891 had a 6-year EFS
of 86%; those aged 2—4 years (n = 58), 70%; and those
older than 4 years (n = 9), 28%. Outcome of children with
DS-AML is excellent with standard induction therapy, but
declines with increasing age; this report, however, gives
no information about patients >4 years old [16].

Although white blood cell count at diagnosis is a signif-
icant predictor of outcome in non-DS AML, this is not the
case for either DS or antecedent myelodysplastic syndrome
patents. Extramedullary infiltration, which includes tumor
nodules, skin infiltration, meningeal infiltration, gingival
infiltration, or hepatosplenomegaly, has been discussed as
a prognostic factor and is generally thought to indicate poor
outcome in non-DS AML [8].

Monosomy 7 (—7) or deletion of the long arm of chromo-
some 7 [del (7q)] is found in only 4—5% of pediatric patients
with AML. Although, cytogenetically, —7 is generally asso-
ciated with a dismal prognosis in AML, even this may not be
as unfavorable in those with DS [ 17]. Our patient did not have
an acquired chromosomal abnormality in addition to trisomy
2] at diagnosis. Having no additional chromosomal abnor-
malities, including absence of —7, might be one of the good
prognostic factors,

Our patient had no prior history of transient abnormal
myelopoiesis or of the GATA] mutation in leukemic cells.
In this respect, the leukemogenesis of this patient may differ
from that typical of DS-AMKL patients < 3 vears old. DS-
AMKL patients > 3 years old at diagnosis often show the ab-
sence of a prior history of transient abnormal myelopoesis.
Anage of > 3 years atdiagnosis may indicate only a different
biological origin from those with a prior history of transient
abnormal myelopoiesis and the GATA/ mutation. In other

words, there may be age-related biologic differences in the
nature of AML in DS patients. We suggest that a better
way to predict their prognosis would be by analyzing for
the presence or absence of GATA/ mutations and screening
for the groups with good prognosis, rather than by the age
at diagnosis, because the GATA/ mutations are tightly asso-
ciated with AMKL in DS patients, who are mostly younger
children and have a good prognosis [1].

There is little clinical and genetic information on older
pediatric patients with DS-AML with a poor prognosis.
AML-M7 with GATA]! mutations has a good prognosis
among DS patients. This patient was 7 years old and his
prognosis was good, suggesting that leukemogenesis in this
case was not due 1o GATA! mutation.

DS-AML in older pediatric patients is considered to be
similar to de nove non-DS AML. We therefore analyzed
the same genetic prognostic factors in this patient as have
been reported in de novo pediatric AML. There are no large
studies of the genetic prognostic factors associated with older
pediatric DS-AML, however, which made it difficult to com-
pare the incidence of those mutations between non-DS AML
and DS-AML among children. Particularly for older children
with DS-AML, more accumulation of data is needed.

We examined ITD and D835/1836 mutations of FLT3,
The prevalence and prognostic significance of these fea-
tures are unknown in DS-AML. FLT3-ITD occurs in
~30% of adult AML patients and ~20% of pediatric AML
patients [18—21]. FLT3-ITD is considered to predict poor
prognosis in adult and pediatric AML patients 19,2224
On the other hand, ~10% of adult and pediatric AML patients
have FLT3-D835/1836 mutations. AML patients with FLT3-
D835/1836 mutations tend to have a poor prognosis as adults,
but not as children [25.26]. Alterations of FLT3 were not
detected in the present patient. Given that this case was
considered to be the same as de novo AML in a non-DS pa-
tient, the absence of FLT3 alterations suggests a good
prognosis.

We analyzed other possible prognostic factors, such as
MLL-PTD, NRAS, and RUNXI! mutations. MLL-PTD was
detected in =10% of AML patients with normal karyotype
and in 90% of AML patients exhibiting trisomy 11 as the
sole chromosome abnormality. The MLL-PTD was reported
to be a subgroup of patients with an unfavorable prognosis
in adult AML [14]. In a study of the Japanese Childhood
AML Cooperative study group, AML patients with MLL-
PTD comprised 13.3% and correlated with poor prognosis
[21]. The prognostic impact of NRAS mutations, reported
in 11—30% of AML patients, is still under discussion
127,28]. As for RUNX! mutation, we have reported that
the mutations in pediatric hematologic malignancies are in-
frequent, but may be related to AML-MO, acquired trisomy
21, and leukemic transformation [10]. Furthermore, non-
constitutional chromosome 21 in the leukemic clone may
also lead to an unfavorable prognosis. No mutations of
these genes were found in our patient, suggesting a good
prognosis.
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Table |
Frequency of Down syndrome acute myeloid leukemia and myelodyspl
4 years

n published studies. meluding pediatne patients older than

syndrome §

DS-AML/AML patients,
Accrual period, mofyr no./no. (%)

July 1984—July 1989 121285 (4.2) i)
Sept. 1986—Aug. 1992 aml

July 1984—Dec 1992
July 1987—Dec. 1994
Mar. 1988—0c1. 1995
Sept. 1987—Aug. 1997
CCG 2891 Oct. 1989—0ct. 1999 161/1108 (14.5)
AMLS9 Jan. 2000—Dec, /2003 G618 (15.8)

Abbreviations: DS-AML/MDS, Down syndrome acute myeloid leuk

DS-AML patients

=4 yr old, no References

Ravindranath et al , 1992 [29]
Kojima et al, 2000 [1]

Lie et al., 1996 [30]

Creutzig ct al., 1996 [31)
Lange et al, 1998 | I6)
Kajima et al., 2000 [1]
Gamis et al., 2003 |2]
Kobayashi et al., 2006 (8]

Study group

POGEA9E

Nagoya
NOPHOR4/NOPHORS
BFM 87/BFM 93
CCG 286172891
Japan AT group/Down

40633 16.3)
L1R/1206 (9.8)
33/MI

yndrome: NI, no information

ia and myelodyspl

* Nine patients are older than 5 years; data are shown separately for patients aged 2-3 years and older than 5 years

Table | presents the frequency of DS-AML/MDS in chil-
dren >4 years old from previous reports [1,2,8,16,29—31].
In BFM 87/BFM93, there were three such patients among
40 patients with DS-AML |31]. These three patients were
12, 15, and 16 years old at diagnosis, their FAB classification
was M0, M2, and M4, and their white blood cell count at di-
agnosis was 2,600/pL, 22,600/pl., and 1,400/pL., respec-
tively. The 12-year-old girl died from sepsis after four
weeks of consolidation therapy; the other two patients were
not treated [31]. In the CCG-2861 and CCG-2891 studies,
three patients were reported to be >5 years old [16], two
of whom died of disease and one from toxicity. On the
AML99-Down protocol, there were two patients >4 years
old (one being the present patient) [8). A 4-year-old boy with
AML FAB-M5a who failed to obtain complete remission af-
ter two courses of induction therapy and received cord blood
stem cell transplantation was, at writing, still alive [32].

To date, there are only a few individual case reports of
children >4 years old [32,33]. For DS patients, immuno-
logic disorders, congenital heant disease, and other factors
possibly caused disease-related and treatment-related mor-
tality. Considering the high incidence of therapy-related
mortality, overtreatment should be avoided.

No alterations in GATAI, FLT3, MLL-PTD, NRAS, or
RUNXI were found in our patient, suggesting that he be-
longs to a subgroup, among older DS-AML patients, with
good prognosis. Because the prognostic Factors for
DS-AML are still unknown, particularly in older children,
further data accumulation is needed.
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