AEIT BT HCongenital dyserythropoietic anemia(CDA) DB E{EF DREAT

OLBI/METFY, MFBHD. W WA, BE B, BH&ET. ~a% =
HAME", K B, 2% &
DADNDE g RS 1\ [F B
9 Mgk INEBR R/ AR
MEEERKENRH

IXUwic

CDA 1%, ZRMICHFRMEARIQICHEREE N H Y, BEORSER M, T & Uikt
NEZ v b=V AREIRREBETHD, 1966 FF£iZ Crookston RYDTIRB L. 1968 4EiC
Heimpel & Wendt AT HOEMBEES I ML 111 B 3REICHF L7, DWHIEICFMME
S OBHIZE T 2RFRBBROTERY, ETHMENR. LR, BRI L o 2&h
TERER, AFERERIET L LT, [EITH 19 Bk Lo CDANL 23, I RO Tk 20 Fialk
LD SEC2IBBARIE Sk, ENRFHETH 3 I BOREREFIERE EhTuiny, K Tk,
2006 FO/PRMIFERIWC L P LET7 7r— MABIKBWT 12 IR ER &, 1111 Bo3~T
DEBHZ LNIR, RIETFREEITDOIIIERIZR D o7, 2009 4E121Th 7z CDA DEIEAZH
ORI T 5HRHIC L5 2E T 7 — MNEE TO CDABVERIX 16 Ch - 1z, 4, Fx
HARTHD T, (DA BEREFOERBITEITo 72,

HiE
CDA D3N 2B MAS 9 fil& X512 CDANL, SEC23B BIG FIc oW TEROEITETo 1, F

PR Y >8R D DNA B L, = — FRREROHERFI 2R E L,

S

PERNX B 4 B, Lot 5 BT, /NEHISEERR 8 Bl (0~13 5%) T, BABIA 1 5] (48 BB)
Thole, TRIZH/BV IR 3 6, 1T RN/ 8\ il 5 6, REANR 1 fICh -7, 9 FiH, CDANL
BZTERP, SEC23B BEFERPIZ EhEh 1 HIRD 7z, CDAN1 BRFNIARARES T, exon26
D missense & (c. 3503 COT (p. Proll28Lleu)) T o7, SEC23B BRFUIIHIBLAITIR T BN
Bbhh T4 RBISES . exonl8 @ missense R (c. 2122 AXG (p. I1le708Val) ) Cdh -
o 5. CDABRWEF CREFRITETVEZEERET S L L biC, ENEZERL T, &80
CDA BHFIZBII B EGFERICOVWTHLMCTHALEND B,
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SRR A B

AFHR—
BRAERFG/NRES

SR MEERR R MR RIS EMET U >3k (CTL) % NK MASOFRIMH O REIT L
DEFLERBERREZETILIROKAORHTHY . FEMEARARKEY 488
BRAE (FHL), Chediak-Higashi JEREE. Griscelli JSEfREE, Hermansky-Pudlak JEMREEZLE
RETh5,

FHL bk #vEC PRFL, UNCI3D, STX11, STXBP2 & 4 BEORETREVHEEHL TS,
HATRX PRF1, UNC13D = X5 FHL2, FHL3 7% 80%LA L% &E$HTRY STXBP2 2Kk 5 FHLS
X 10% UFChok, FEEHEOHEIABETERDH LI O LERNEND, TWVTHO
ERCLERNAHRRICLD L FHEETERD LN, TOBREIRETFREOEEL &
BEFRICLVERD S, FIL OBREIITRE HH EZERRNWI b, B4E FIL OR
7Y —= 7L flow cytometry *° Western AEHTOfh, CD107a I L BERIEHBRHEOF
HERETHHERRBIR TN,

Chediak-Higashi JEREE, Griscelli JEMRE¥. Hermansky-Pudlak SEMREHIZREEY 5 AZEFD
EEIZRHATCHo 8, MERARNRAEFES HH/LCH ZRETEERELZTV.
Chediak-Higashi FEMEEE 14§l (5B 3 40)i% 10 4ELL ERTOIER) . Griscelli FEMREE 0 i,
Hermansky-Pudlak SEMREF 4 GINEREINE, BECOBMEED TNHLEIAHTHIN,
Chediak-Higashi EMREBEORYATFIILPHEMESERS N LBHB L, CIL FHE
DIET L ERRHRELZRD 52, BEFH L OB VW TS BER 2 U TN
THEUENRHD, T Griscelli EEMISEIOWET I PIHFEELARVI LBHALE
M. iz Hermansky-Pudlak SEEBEOTFEENRHAL ML 2o, £O—EOEH TITIHROL
EREZAHL TR Y ETARERARER LTV SLERDH S,

Z0Olh HH 28083 288 & LT X-linked lymphoproliferative syndrome (XLP} A3
HD, TOHH XIAP BEICX S XLP2 1% HLH 2 AT 2 HERAE VM, B O CIX
CTL EMB I UERKRHIRERTHY HH 2T REXTATHD,

BRICHOWTIEE L LT FHL #4412 HLH-2004 RN ED b T 5, CSA,
steroid, VP16 @ 3 HIBERRIELEITV i MBARBEICELIRRETH H2, BHIE P16 I
Kb 2 aEmERoEERRNERTVS, hoBRKIHEEECE L THEFR
IEh SRS LT O BERDH BN, ATHETFH LEDLERINR T+ 0 —T v 7k
FINSNELEZLNS,

-37 -



i PSHZAWE, EXMELRLEROHET~DOR Y S

OMN B, KIRE—, HPF2Z, FRE, PHLEe
FEKRE i P SHIKITRRT BREKS RIS BERFE

Box OB REBTIRAREE MR LE ST 2 RABE RO iPS MBREHIL, ZhEHn
THRE - RREMNTT 52 L ZRHE LTS, iPS HIIAD KRR LEZ £ L, 82 O ik
RV RVTORBRNT OB 2 5F, fr Ofiiiaz AV @REHEAEROBITEE T, A0
RREROLDDFLRETFAEHE LIV EZEL TS, 20 L) RHFRE DRI 5 7=,
9 DRA IPS MIBAOMNL, 2)FRIRE L 5 55k, )L |IMBORIT, L) 3 4
ROWTEELERARZRHFL, €OLTELDL ZBENCHLEDE I LERD B,

[BA iPS MEIOMZ] 77 =K1, CINCA SEEREBEAR Y OMiK « aERZ DL, 85
20 BILA £ iPS MEREA B L TV D (BREBZFO b O L ET), BKEVWZEIZ, 29 LK
RAEOMIICE VT, TOREWXIZ iPS MBI Z 0L ORERICHEREARD 5, B
EED LERRBICBVWCHREL TIPS HIIAEZHYITEX 3 L) AROTRERLT VS,

(B2 bR OME] HOBMOERBITICIE, LIZUEBIREAEICHRTEEI 20— 0 iPS
MIEZE R DD, FARFZEROEPRISNTTHZLB/RDONS, DL O RBE. [FH
DES ) IV E | THEVERE) 2RREXHMEGRIIFETH 3, Ra 1, & b ES/iPS
MRER, EROEREWL LR LB, OEMEMA BN CX S, Fii-h TRTERDEL R
FEWR L, ZOMRMERERND &, EENTODEREEZBEDIC b L—2R LR ki
BR - SRR Ok x RABEERIMIR B ER T B Z LM TE B, AREAVEE L EBRT S
DHEFEERL TN B,

(S EHRBRDAZNT] BEICV < D DERIT OV T, EBIC iPS AN 5 My 2 55 |,
in vitro TORBHRICRD L D bH D, SHRIEITNLOBTEZEIH LED, ERDH
A RIS EE R~ RBEF N EX TS, $i-, Al BWEBRROY—A L LTS
RAL, EhHORENREBBEIA~BILTEALIBHBLTVS,
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Long-term results of Tokyo Children’s Cancer Study Group trials for childhood acute
lymphoblastic leukemia, 1984-1999
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We report the long-term results of Tokyo Children’s Cancer Study
Group’s studies L84-11, L89-12, L92-13, and L95-14 for 1846
children with acute lymphoblastic leukemia, which were con-
ducted between 1984 and 1999. The value of event-free survival
(EFS) t s.e. was 67.2 £ 2.2% at 10 years in L84-11, which was not
improved in the following two studies, and eventuaily improved
to 75.0+ 1.8% at 10 years in L95-14 study. The lower EFS of the
L89-12 reflected a high rate of induction failure because of
infection and delayed remission in very high-risk patients. The
L92-13 study was characterized by short maintenance therapy; it
resulted in poor EFS, particularly in the standard-risk (SR) group
and boys. Females did significantly better than males in EFS in
the early three studies. The gender difference was not significant
in overall survival, partly because >60% of the males survived
after the testicular relapse. Randomized studies in the former
three protocols revealed that intermediate- or high-dose metho-
trexate therapy significantly reduced the testicular relapse rate. In
the L95-14 study, gender difference disappeared in EFS. Contrary
to the results of larger-scale studies, the randomized control
study In the L95-14 reconfirmed with updated data that
dexamethasone 8mg/m? had no advantage over prednisolone
60mg/m? in the SR and intermediate-risk groups. Prophylactic
cranial irradiation was assigned to 100, 80, 44, and 44% of the
patients in the studies, respectively. Isolated central nervous
system relapse rates decreased to <2% in the last two trials.
Secondary brain tumors developed in 12 patients at 8-22 years
after cranial irradiation. Improvement of the remission induction
rates and the complete omission of irradiation are currently main
abjectives in our studies.
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Introduction

We present here the long-term results of four studies for childhood
acute lymphoblastic leukemia (ALL) of Tokyo Children’s Cancer
Study Group (TCCSG) conducted between 1984 and 1999.
Treatment protocol for SR and IR of the 184-11 study'? was
based on the early St Jude's total therapy.’ ALL-BFM 81*
protocol was modified and introduced to extremely high-risk
group regimen for the first time. The protocols of the following
three studies L8912, 1.92-13,"¢ and 195-14,” were designed
on the basis of the ALL-BFM framework. All the four protocols
contained trials to reduce the number of patients who received
irradiation, as had been reported in other studies.®® The second
point of analysis was on a gender difference’®"'? with respect to
long-term event-free survival (EFS) and overall survival (OS).
Randomized studies were mostly designed to test whether or not
intermediate-dose methotrexate (ID-MTX) and high-dose meth-
otrexate (HD-MTX) could replace the cranial irradiation. It is
needed to describe the further long-term outcome of the patients
who were treated in 1L92-13 study, which was characterized by
very short maintenance therapy. We published the discordant
results on the randomized comparison between dexamethasone
and prednisolone in 2005, which was updated in this analysis.”

Materials and methods

Total of 1846 newly diagnosed patients with ALL aged 1-15
years entered into the four studies—that is L84-11 (n=484),
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Table 1 Event-free survival, overall survival, and CNS relapse of TCCSG studies L84-11, L89-12, L92-13, and L95-14
Study Year Number Complete remission Event-free survival + s.e.% Overall survival £ s.e.% Isolated and any CNS
of patients  rate (corrected)® relapse rate £ s.e.%
Syears 10years 15years Syears 10years 15 year 10 year
[ 84-11 1984-1989 484 97.3 (98.6)% 71.2+21 67.2+22 6863+22 80.7+1.8 743+20 73521 41110
55%1.1
L89-12 1989-1992 418 92.8 (95.7)% 67.2+2.4 644124 623+26 77.7(21) 73.5+22 71.9+22 3.7+14
5.4+13
L92-13 1992-1995 347 96.5 (97.7)% 63.7+2.7 60.1+27 57.7+29 80.4(21) 77.9+22 77.4+24 1.0+0.6
26+1.0
L95-14 1995-1999 597 95.0 (97.4)% 76.8+1.8 750118 — 849(1.5) 82.0+16 — 1.7+0.6
28+07
Abbreviations: CNS, central nervous system; s.e., standard error; TCCSG, Tokyo Children’s Cancer Study Group.
2Corrected remission (rate %): patients who achieved delayed remission were included in remission, and censored patients during the induction
phase were excluded from the total.
L89-12 (n=418), L92-13 (n=347), and L95-14 (N=597)—as treatment of SR patients or not. To do so, the SR patients were
shown in Table 1. Diagnoses were made based on morphology, ~ randomly assigned to the SRO and SR18 arms, and patients in the
immunophenotype, and cytogenetics in each institution; the ~ SRO arm were given three courses of HD-MTX (3g/m?) with
ALL committee evaluated these results for eligibility. Patients  three DIT without cranial irradiation. The doses of intrathecal
aged 1-6 years presented with a leukocyte count <20 x 10%1 injection were reduced from those of the earlier study, changing
and B-precursor phenotype were classified into the standard-risk to age-adjusted calculation. The patients assigned to the SR18
(SR) group in all the studies. Definitions of the intermediate-risk ~ arm received 18 Gy of cranial irradiation and three doses of TIT.
(IR) and high-risk (HR} or extremely high-risk groups varied The randomization ratio in SR arms changed from 1:1 to 2:1 in
across the four studies. Nonetheless, HR patients were mostly ~ the last half period, so that there were 83 patients enrolled in
defined as having one of the following: initial leukocyte count ~ SRO arm and 64 in SR18 arm. The HR group was treated with a
=100 x 10%1, age of > 10 years, leukocyte count =50 x 10%/1; single arm of BFM-style therapX for 2 years, modified with an
Philadelphia chromosome (Ph) or BCR-ABL fusion gene product insertion of HD-MTX (3 g/m*, two courses) between the
positive, 11923 chromosome translocation or MLL gene induction (la) and early intensification and cranial irradiation
rearrangements, and T-ALL with otherwise IR-risk factors. The (Ib). Four courses of multiple-drug intensifications were given
reminder of the SR and HR patients was assigned to the IR during the first year followed by 1-year maintenance therapy.
group. Analysis of the outcome was based on the risk
classification of the NCl/Rome criteria.'® 192-13 study (1992-1994). A major objective was to
Leukemic-cell karyotype was obtained from 20 to 30% of the  evaluate 1-year therapy in all risk groups. The length of the
patients in the first three studies. The DNA index was measured maintenance therapy was kept to a minimum of 6 months in the
by flow cytometry. SR group and 3 months in each of the IR and HR groups. All
Infants were excluded from these studies, and their treatment three risk regimens had BFM-type structures. This protocol was
results were already published elsewhere."*'® characterized by the use of intermediate-dose cytosine arabino-
side (ID-CA, 500 mg/m?/day for 4 days) and high-dose cytosine
arabinoside (HD-CA, 1 or 2 g/m?/day for 4 days) in the early
Tr eatmept . ) s 6 intensification and in the re-intensification phases.
Th;:' precise regimens ‘?f L84-11," 189-12,> L92-13, and 1.95- The SR regimen had two courses of HD-MTX {3 g/m?) and two
147 studies were available in earlier publications. Table 2 piTs The early intensification phases were complete before
provides a summary of regimens in each study. week 28; 24 weeks were left for the continuous therapy. IR
group was randomized either to IR18 arm with 18-Gy cranial
L84-11 study (1984-1989). Both the SR and HR groups irradiation, or to IRO arm with two courses of HD-MTX (3 g/m?/
were randomized at early intensification into two arms—thatis  day) without cranial irradiation. All patients of the HR group
S$1 and S2, and H1 and H2, respectively. In the 52 and H2 arms, were given 2 weekly courses of HD-CA (2 g/m?, six doses for
the patients received three courses of ID-MTX (500 mg/m?) with 3 days) and mitoxantrone (2 days) after remission induction.
a single dose of leucovorin rescue (12mg/m?) at 48h, in
conjunction with double-drug intrathecal injections (DIT) before [ 95.74 study (1994-1999). SR and IR groups were
cranial irradiation. In the Stand H1 arms, 18Gy of cranial  randomized into prednisolone arm (PSL) and dexamethasone
irradiation with five doses of triple-drug intrathecal injections  arm (DEX) not only in the induction, but also in re-induction
(TIT) were administered without ID-MTX. phase and three courses of late intensification for SR and two
The DIT consisted of methotrexate (MTX) 15mg/m’<15mg  courses for IR. During remission induction, prednisolone
and hydrocortisone 30mg/m*<30mg, respectively. The TIT (g mg/m’) or dexamethasone (8 mg/m?) was given for 4 weeks
consisted of DIT and cytosine arabinoside (CA) 30 mg/m2 and tapered. In the re-induction and intensification courses,
<30mg. prednisolone (40mg/m? or dexamethasone (6 mg/m?) were
given for 2 weeks in each arm. For patients presenting with
L89-12 study (1989-1992). The regimen was based onthe  leukocyte count >150x 10% and aged 7 years or older
BFM backbone in all three risk groups. There was a week of  (assigned to allo-stem-cell transplantation (SCT) group), allo-
prophase treatment with. prednisolone alone to evaluate initial geneic bone marrow transplantation from HLA-matched family
steroid response, as BFM group described.'” The main objective ~ donor, if any, and autologous blood or marrow SCT or
was to determine whether cranial irradiation was essential tothe ~ chemotherapy could be elected. For patients presented with
Leukemia
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leukocyte count =100 x 10%/, or 10 years old or older with which involves subtraction of Kaplan-Meier products from
leukocyte count =50 x 10%/1 (assigned to auto-SCT group), 100%. Only patients who had CNS relapse were failure, and all
autologous blood or marrow SCT or chemotherapy could be  the others were censored. Cumulative probability of any
elected. Each institute declared the choice in advance of the  secondary malignancy was calculated using the same method.
study initiation. Patients who received modified treatment were censored at that
point in time. The patients who did not enter complete remission
or had died during induction were treated as at the date of the
Statistical analysis begin{ning _of treatment. Patier;ts IYVho were confirmed as
The duration of EFS was defined as the time from the initiation of ;e:rlmnlng in first remls(sil?n ?ErIlS a |v|e, _o.r ;’i"hﬁ wereh lost of
therapy to the date of failure (that is any relapse, death, or ?. ow—g;;, were cl:]enso(;(? or analysis; 3 L g)sse W ? were
diagnosis of secondary malignancy) or to the date when patients ahlv?j wit f(?r without disease were censored in analysis at
were confirmed to be in remission and alive. Patients who did the l?te of last conte:jct. di h . £ oati
not achieve complete remission at the end of the initial f::o oz;/-up \;val: UIP ated in 2008. The '[I:)rg{:)ortlons o pa?ents
induction phase or who died before the confirmation of whose daa of the last > years were available were 144 of 357
. R . . (40.3%) in L84-11 study, 197 of 306 (64.3%) in L89-12, 220 of
remission were considered to have failed at day 0, even if they 266 (82.7%) in 192-1 d 449 of 489 (91.8%) in L9514
entered remission later with a second course or through (82.7%) in 192-13, an of 489 (91.8%) in L95-14.
additional treatment. The probability of EFS and s.e. was
estimated by the Kaplan-Meier method (Greenwood), and
differences were tested by the log-rank test. Analysis was Results
performed with the intent to treat. ‘Any central nervous system
{CNS) relapse’ include both ‘isolated CNS relapse’ and CNS Probability of EFS, OS, and cumulative CNS relapse rate of each
relapse combined with other sites. Probability of cumulative  study are shown in Tables 1 and 3. There was no improvement
CNS relapse was estimated by inversed Kaplan—-Meier method, in EFS during the first three studies. The OS of L92-13 improved,
Table 3  Summary of the study results
Studies L84-11 L89-12 L92-13 L85-14
Number of eligible patients (B+T) 484 418 347 597
Number of B/T 420/32 375/43 315/32 539/58
Average age (B/T) year 5.7/8.8 5.9/8.2 5.8/7.7 5.9/7.7
Average WBC (B/T) 20.1/108.0 31.6/137.5 38.4/146.1 30.6/167.0
Number of censored early 6] 1 (0.2%) 2 {0.6%) 9 (1.5%)*
Death during induction 3 (0.6%) 12 (2.9%)° 5(1.4%) 10 (1.7%)°
Failure of initial remission 11 (2.3%)° 17 (4.1%)° 5 (1.4%) 11 (1.8%)
Complete remission (rate) 470 (97 .1%) 388 (92.8%) 335 (96.0%) 567 (95.0%)
Corrected remission (rate) 477 (98.6%) 309 (95.7%) 337 (97.7%) 573 (97.4%)
Death in first remission 19 (3.9%) 7 (1.7%) 6 (1.7%) 22 (3.7%)"
Number of censored in first remission 13 {2.7%) 13 (3.1%) 31 (8.9%) 21 (3.5%)
Number of patients at event free 308 (63.6%) 256 (61.2%) 180 (55.3%) 428 (71.7%)
Number of relapse after remission 123 (26.1%) 104 (26.9%) 112 (33.4%) 92 (16.7%)
Site of relapse: total 123 (100%) 104 (100%) 112 (100%;) 92 (100%)
Isolated bone marrow (BM) 72 (58.5%]) 70 (67.3%) 87 (78.4%) 68 (73.9%)
Isolated CNS 17 (13.8%) 13 (12.5%) 3 (2.7%) 10 (10.9%)
Isolated testis 19 (15.4%) 6 (5.8%) 9 (78.4%) 7 (7.6%)
BM+CNS 6 (4.9%) 4 {3.8%) 3 (7.2%) 5 (5.4%)
BM+testis 7 (5.7%) 7 (6.7%) B (3.6% 1 (1.1%)
CNS+testis 1 (0.8%) 1 (0.9%) 0 0 (0%)
Other sites 1 (0.8%) 3(2.9%) 3 (2.7%) 1(1.1%)
Secondary AML/MDS o 31 0/0 21
Brain tumor/Cther 5/1! 4 2 1
Any BM 85 (69.1%) 81 (77.9%) 97 (87.4%) 74 (80.4%)
Any CNS 24 (19.5%) 18 (17.3%) 6 (5.4%) 15 (16.3%)
Any testis 27 (22.0%) 14 (13.5%) 15 (13.3%) 8 (8.7%)
Any testis/males 27 (10.3%) 14 (5.8%} 15 (8.5%) 8 (2.4%)
Abbreviations: AML, acute myeloid leukemia; CNS, central nervous system; MDS, myelodysplastic syndrome; SCT, stem-cell transplantation;
WBC, white blood cells.
2Four patients assigned in dexamethasone arm dropped off, one in prednisolone arm, and four in HR risk group dropped off.
®Marrow suppression and infection.
°Five deaths in dexamethasone arm, two deaths in prednisolone arm, three deaths in HR risk.
97/11 entered into remission in the following phase.
©11/17 patients entered remission in the following phase.
'All 11 failures in HR risk group; 3 Ph+ALL, 4 chromosomal translocations, 6/11 entered into remission in the following phase.
9Corrected remission (rate %): patients who achieved delayed remission were included in remission, and censored patients during the induction
Ehase were excluded from the total.
18/22 deaths in HR risk group, 5 related with transplants.
'7/13 patients underwent SCT in CR1.
'26/31 patients underwent SCT in CR1.
k9/21 patients underwent SCT in CR1,
'Olfactory neuroblastoma.
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compared with these of the earlier two studies. The L95-14 study ~ Protocol-specific treatment result
achieved internationally acceptable level of EFS and OS (log- L84-11 study. For 484 patients enrolled, EFSts.e. and
rank P<0.0001). The cumulative ‘any CNS relapse’ rate OStse. were 663%22 and 73.5%2.1% at 15 vyears,
decreased from 5.5% (any CNS) in the L84-11 study to 2.8%  respectively. There were 357 long-term survivors, and their
in the L95-14 study. median follow-up period was 16.6 years. Among survivors,
Twelve treatment-related brain tumors developed in patients  seven had serious neurological sequelae, such as paraparesis or
who had received cranial irradiation in the four studies—that is leukoencephalopathy, which developed most probably because
5.4, 2, and 1 patient, respectively. They developed in six males  of cranial irradiation and concentrated use of five TITs at body-
and six females. No brain tumor occurred in the non-irradiated ~ surface-adjusted dose setting. Probability of cumulative inci-
patients. The tumors developed between 8 and 22 years after dence of brain tumors in L84-11 was 1.2+0.7% at 15 years
cranial irradiation, seven in the 18-Gy irradiated group and five (Tables 3 and 4; Figure 1).
in the 24-Gy irradiated group. The probability of cumulative Males fared significantly worse than females in terms
incidence (xs.e.) of brain tumors was 1.9£0.6% at 15 vyears of EFS (Table 4; P=0.006), but not in terms of OS (P=0.205).
and 2.8 + 0.9% at 20 years among the 1234 irradiated patients. Isolated or combined testicular relapses developed in 27
Secondary acute myeloid leukemia (AML)myelodysplastic out of 261 males (10.3%) and they comprised 22% of all
syndrome (MDS) developed in eight patients—that is 0/1, 3/1, relapses.
0, and 2/1 in each study. Two of them (L89-12) were confirmed As a result of the randomized comparison in SR, the EFS +s.e.
to have 11923 chromosome abnormality. Seven of the eight  rates of the S1 and 52 arms were 68.5+4.8 and 81.0+4.1%,
patients were female, whereas brain tumors developed evenly in respectively, at 15 vyears (log-rank test, P=0.071). The
terms of gender. AML/MDS occurred only in the irradiated probabilities of cumulative incidence *s.e. of any testicular
patients without exception. The probability of cumulative relapse were 24.3+6.7% in S1 arm and 4.7 +3.3% in S2 arm
incidence ts.e. of AML/MDS among irradiated patients was {log-rank P=0.015).
0.57£0.25% at 3 years and 1.1 £ 0.4% at 10 years.
Cerebrovasucular lesions such as Moyamoya disease deve-
loped after radiation in the TCCSG studies and published L89-12 study. For the 418 patients enrolled, the EFSts.e.
elsewhere.’® Neurocognitive evaluation study was not carried and OS rate were 62.3+2.6 and 71.9%2.2% at 1 year,
out as a group. respectively. Probability of cumulative isolated CNS and any
Table 4  Treatment results according to presenting features in non-infant patients treated in study L84-11
Factors - Number Event-free survival £s.e.% Overall survival  s.e.%
of patients
5 years 10 years 15 years  log-rank 5 years 10 years 16 years  log-rank
P-value P-value
Non-T fineage
NCI standard - 314 728+25 69.4+26 685t27 0.074 83.4+21 77.6+24 77224 0.012
NCI high 106 676147 61.0£49 59.0+51 736144 66.1t48 648150
T-fineage
NCI standard 9 556+166 44.4+166 4441166 0.636 66.71+156.7 565.6+16.6 41.7+17.3 0.487
NCI high 23 609+10.1 60.9+£101 60.9+10.1 65.2+99 6562+99 652199
Sex
Male 261 664130 61.3+32 60831 0.006 80125 72.1+28 71129 0.205
Female 222 78.113.0 745+3.0 73.1%3.1 81.5+28 769%+29 76.4+29
Age at diagnosis (years)
1-9 392 726123 692124 ©685%24 0.068 827+19 765+22 750122 0.007
=10 91 650152 587+53 568+56.5 72.0+48 64.7%5.1 63.2+52
WBC x 10%1
<10k 265 76512.6 73.1+28 719129 0.0131 86.4+2.1 80925 80.4125 0.002
10-49k 159 646+39 587140 59%4.0 758134 67.5+38 66.0+39
50-99k 31 63.5+8.8 56.0£9.2 56.0+9.2 70.0£83 584193 584193
=100k 28 6791+88 679188 679188 67.3+9.0 673190 67.3+x9.0
Cell lineage
Non-T 420 7156+22 67.3+23 663124 0.121 81.0+1.9 747+22 741122 0.038
T 32 594+8.7 559+88 559188 65.6+84 62.2+86 585181
TCCSG risk arms
S1 102 744144 699147 685148 0.071 91.0+29 831+£38 79.6+51 0.227
S2 93 86.7+3.7 81.0x41 791145 945+25 87.3+36 873136
H1 129 69.8+4.1 67.2+42 66.014.3 0.131 77.7+37 73.4+40 71.4+441 0.046
H2 113 627+468 575+48 575448 709143 61.9+47 61.9+47
S1 testis 49 21.8+6.4 243+6.7 243%6.7 0.009
52 testis 50 23+23 4,7+3.3 4.7+3.3
Abbreviations: NCl, National Cancer Institute risk group; s.e., standard emror; TCCSG, Tokyo Children's Cancer Study Group, WBC, white blood cells.
Testis: probability of cumulative any testicular relapse rate in males.
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Figure 1 EFS, OS, and cumulative incidence of isolated or any CNS relapses in L84-11 study.
CNS relapse rates were 3.7+ 1.1 and 5.4+ 1.3% at 15 years, Brain tumors occurred in two patients. No myeloid leukemia
respectively. Of the 306 surviving patients, the median survival or MDS developed. The rate of remission induction was 96.0%.
period was 14.6 years. Secondary neoplasms consisted of four Seven of 26 relapses among 62 males in SR group relapsed
brain tumors, three AML, and one MDS. Remission induction very late at 5-13 years of the initial therapy, whereas females
rate was 92.8%, which was the lowest of the four studies  stopped recurring at 5 years. Overall, the EFS in males was
(Table 3). Twelve patients (2.9%) died during or after the  47.5+4.3% at 15 years, which was significantly lower than that
remission induction course, between days 10 and 82. The major in females (68.0+3.8%, P=0.0003). Males were, however,
cause of death was prolonged marrow suppression and more efficiently salvaged. The OS of males was 75.8 £ 3.3% and
infection. Of 17 patients (4.1%) failed to enter remission at the that of females 80.3 +3.1% (P=0.731; Table 6). Ten of 14
end of induction, six patients (1.4%) died within 4-24 months; patients with isolated or combined testicular survived. After
one Ph positive ALL, and four with leukocyte count  relapse, 51 patients survived out of 84 who had undergone
>145 x 10%/1. The other 11 patients entered remission in the  hematopoietic SCT {actual survival 60.7%). Of 25 who had been
following phase; five patients with leukocyte counts  treated with chemotherapy, 15 survived after relapse (60%). The
>100 x 10%I, seven Ph positive ALL. The corrected remission OS rate of 77.4+2.4% eventually exceeded the preceding two
rate was 95.7% when the patients who entered into delayed studies.
remission were included in remission and those who were
dropped off during induction were excluded from the total )
number. Pirarubicin used for induction at a dosage of 30mg/m? ~ L95-14 study. 195-14 study achieved S5-year EFSis.e
(two or three doses) was amended to 20mg/m® in October ~ 75.0£1.8% and the OStse. 82.0+1.6%, at 10 years
1990. Nine out of 12 deaths occurred before the amendment.  follow-up. For the 489 patients who remained alive, the median
Testicular relapse was significantly fewer in incidence in SR0  follow-up period was 10.0 years. The remission induction rate
(HD-MTX) arm than the SR18 arm (P=0.018; Tables 3, 5; after the initial course was 95.0%. The corrected remission
Figure 2). induction rate was 97.5% when nine patients who were off
during induction were excluded and six patients who entered
into remission in the following phase were included. The
cumulative isolated CNS relapse rate was 1.7 £0.6% and ‘any
L92-13 study. EFSts.e. and OSts.e. for 347 eligible  CNS relapse’ rates was 2.8 £ 0.7% for all patients, and the latter
patients enrolled were 60.1+2.7 and 77.9 +2.2% at 10 years, level was 4.3 £1.4% in the HR. One brain tumor occurred at
respectively. Cumulative rate of isolated CNS relapse was 8.3 years, two AML, and one MDS all were diagnosed between
1.0+ 1.0 at 10 years, which might be underestimated by high 1.5 and 5.2 years of therapy (Tables 3, 7; Figures 4).
bone marrow relapse rate. The median follow-up period was The results of randomized control study was updated and
13.0 years for the 271 (78.1%) patients remaining alive,  showed a§ain no advantage of DEX arm over PSL arm in SR and
including 64 patients who experienced relapse. Twenty-one IR groups” (Tables 2, 7). Three extramedullary relapses occurred
HR patients underwent hematopoietic SCT at first remission in the DEX arm, whereas eight developed in the PSL arm.
(treated as censored), and 18 were alive in CR (Tables 3, 6; Hematopoietic SCTs, either allogeneic or autologous blood
Figure 3). and marrow source, were elected by institutional intention to
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Table 5  Treatment results according to presenting features in non-infant patients treated in study L89-12
Factors Number Event-free survival t s.e.% Overall survival £s.e.%
of patients
5 years 10 years 15 years log-rank 5 years 10 years 15 years log-rank
P-value P-value
Non-T lineage
NCI standard 314  728+25 694+26 685+27 0074 834+21 77.6+24 772124 0012
NCI high 106 676+47 61.0+49 59.0+5.1 736+44 661148 648150
T-fineage
NCI standard 11 701+14.7 701+147 701%147 0169 701+147 70.1+147 70.1+147  0.369
NCI high 32 51.9+90 519+9.0 433+109 55.3+89 55.3+8.9 553189
Sex
Male 240 621+32 5908+33 6578+34 0.044 763%+28 722+35 711130 0.564
Female 178 741:34 708%35 68337 79.6£31 752£33 73.0%35
Age at diagnosis (years)
1-9 320 70.8t26 680127 666127 0.0002 81.8+22 783+24 77.5+t24 <0.0001
=10 97 54353 516154 46257 64.2+49 575151 530154
WBC x 101
<10k 203 76531 70.7+34 678135 <0.0001 88.1+23 835+27 815+30 <0.0001
10-49k 183 67.7:41 66.0t42 66.0+4.2 775£37 735:39 727139
50-99k 31 4714£91 435191 435:9.1 61.2+87 54.8489 51.4+90
=100k 50 444172 444372 40077 46.7+72 446172 446172
Cell lineage
Non-T 374 68.3+t25 652+26 633126 0.063 79.8+21 75.0+2.3 733124 0.009
T 43 571+7.7 50.7+9.1 507191 501+77 59177 59177
CNS status
CNS blast + 12 429+15.7 42.9+157 429+157 0.132 56.3+148 469+150 46.9+150 0033
CNS blast— 406 68.1+24 65.0+24 628125 783t21 742+22 726123
TCCSG SR arms
SRO 83 75.4+49 727151 727151 0399 906+34 892136 87.7+39 0.148
SR18 64 71557 665160 665160 858+44 809+50 78.1+55
SRO CNS 83 54126 — — 0.999
SR18 CNS 64 52+29 — —
SRO testis 83 3.3+3.3 — — 0.018
SR18 testis 64 194171 229176 —
Abbreviations: CNS, central nervous system; NCI, National Cancer Institute risk group; s.e., standard error; SR, standard risk; TCCSG, Tokyo
Chitdren’s Cancer Study Group; WBC, white blood cells.
CNS: probability of cumulative any CNS relapse rate.
Testis: probability of cumulative any testicular relapse rate.
treat decision in advance and executed for 61 (37 allo-SCT and 15.6 points (L92-13, P=0.003), and —2.8 points {L95-14, males
24 auto-SCT) of 126 patients who assigned to SCT (59 allo-SCT  fared better, P=0.519), respectively (Table 3). ‘Any testicular
and 67 auto-SCT), among which 44 (actual rate72.1%) were relapse’ rate was 10.3, 5.8, 8.5, and 2.4% of all the males in the
alive without relapse. Of the 65 patients who assigned to SCT  four studies, respectively (Table 3). The cumulative incidence of
group, but elected chemotherapy, 30 (46, 2%) patients were  testicular relapse was significantly lower in ID-MTX or HD-MTX
alive; 29 were in first remission. arms in randomized trials of the L84-11 SR, L89-12 IR, and L92-
13 IR, as has been described.’® The gender difference in EFS
correlated well with the incidence of testicular relapse.
Treatment results according to presenting features Approximately 60% of the patients with any testicular relapse
Well-documented prognostic factors were analyzed in each of  survived and contributed to the recovery of male OS to the same
the four studies (Tables 4-7). Infants were not included in these level as females. CNS involvement at presentation had negative
studies. Patients with B-precursor ALL and T-ALL were analyzed prognostic impact on EFS (Tables 4 and 5). In L95-14 study
separately in each of the four studies, according to the NCI / (Table 7), patients who presented with DNA index of 1.16-1.60
Rome criteria. Age and leukocyte count at diagnosis were still ~ showed EFS 84.2 +3.5%, which was significantly higher than
independently strong prognostic factors. the EFS rate of 72.3 £ 2.2% among those with DNA index<1.16
Patients with T-ALL had poor prognosis. This was more  (P=0.005).2° DNA index 1.16-1.60 group of patients also fared
evident in terms of OS (Tables 2-5). Clearly, patients with T-ALL ~ better than those with DNA index over 1.6 (EFS$ of 50.0 £ 17.7%,
could not be easily salvaged after relapse. Females fared =~ P=0.003).The outcome of the patients with Ph chromosome
significantly better than males in terms of EFS at 10 years by ~ was dismal. Hematopoietic SCT was only curative treatment
13.2 points (L84-11, P=0.006), 11.0 points (L89-12, P=0.044), strategy so far.?’
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Figure 2 EFS, OS, and cumulative incidence of isolated or any CNS relapses in L89-12 study.
Discussion Schmiegelow recently reported from NOPHO studies that
children with low thiopurine methyltransferase activity were at
Nine years passed since the earlier issue was published in lower risk of relapse of ALL?” and were at higher risk of
‘Leukemia 2000." The 1423 survivors in the four studies are developing secondary malignancy.?® In the latter article, of 20
now 22.5 years old on an average, ranging from 11.6 to 39.8 secondary malignancies, 16 AML/MDS occurred in 6 males and
years of age. Of 1233 patients who received cranial irradiation, 10 females, although the author did not mention the gender
873 were surviving. Twelve secondary brain tumors developed  difference.
very late, that is at 8-22 years after initial therapy including We had not performed neurocognitive assessment as a group,
cranial irradiation in the four studies presented here. The  but many studies showed the negative influence of the cranial
development of the brain tumors seemed not to depend on the irradiation on the neurocognitive function particularly for the
studies. Hijiya et al?? reported from the St Jude that the  young patients,?® and other study described that normal neurolo-
cumulative incidence of brain tumor except for meningioma  gical function was preserved when irradiation was omitted.”
was 3.00+0.59% at 30 years. It was 2.8 +0.9% at 20 years in In the next study of TCCSG ALL L99-15, irradiated patients
the four studies. were limited to <10%. In the currently active study, T-ALL and
As for the secondary AML/MDS, the incidence was prednisolone poor responders were irradiated. The outcomes
variable depending on the study. They developed only in the have already been reported on the protocols with no cranial
irradiated patients without exception. Regimens of L89-12 irradiation from St Jude Children’s Research Hospital,3°
and L92-13 studies included etoposide, which is a topo-ll  EORTC,>' Nordic countries,®® and Netherlands.”* To eliminate
inhibitor and was highly associated with the development of  the cranial irradiation, the function of intrathecal injections
secondary MAL/MDS with 1123 chromosome transloca-  would be expected. The 9-11 times intrathecal injections ended
tions.2¥2* Two cases were confirmed to be associated with  before 40 weeks in TCCSG protocols even when no cranial
chromosome 11g23 translocations in L89-12 study. It was irradiation was administered. The proper number and timing of
noteworthy that seven out of eight secondary AML/MDS the extended intrathecal injections for patients at risk of CNS
patients were female, whereas the brain tumors developed relapse such as hyper-leukocytosis and T-ALL remained to be
equally across genders. It was described that girls were more  determined in our future studies.
sensitive to anthracycline cardiac toxicity than boys.”® In Gajjar et al.>* express strong caution to traumatic lumber
addition, cognitive impairment, short stature, and excessive  punctures as a risk factor of CNS relapse. The L89-12 and L92-
weight were all more prevalent among females than males®® 13 studies had 1-week prophase of single therapy with oral
Females responded more to the chemotherapy and remained in prednisolone, and the initial intrathecal injection and cere-
higher EFS than that of males. All these facts may suggest that  brospinal fluid examination was given on day 8.53% The
girls are more sensitive to anti-leukemic drugs, resulting in better  prednisolone prophase without spinal puncture might well have
outcome of ALL and developed more therapy-related secondary ~  alleviated cerebrospinal fluid infiltration before the assessment.
AMLU/MDS. Consequently, initial ratio of patients with CNS-2 or CNS-3 was
Leukemia
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Figure 3 EFS, OS, and cumulative incidence of isolated or any CNS relapses in L92-13 study.
lower on day 8 in our studies than that on day 1 of other studies. In 95-14, the randomized study in SR and IR compared
It has been shown that the day 8 puncture did not increase CNS  between prednisolone (60 mg/m? at induction and 40 mg/m” at
relapse.’ The initial day 8 lumbar puncture is a safe method to  intensifications) and dexamethasone (8 mg/m? at induction and
avoid inadvertent introduction of leukemic blasts into the  6mg/m? at intensifications) resulted in no significant difference
cerebrospinal fluid. in EFS rate.” Analysis with updated data on this comparison
The duration of the maintenance therapy had been shortened resulted in the same conclusion. Our results did not fully accord
step by step from 4 years in L81-10 study, 3 years for SR in with those of other larger-scale studies. The results of CCG-1922
L84-11 study, and 1.5 years for SR and 1 year for HR in  study®® showed significantly better outcome in SR patients treated
1.89-12 study without increasing relapses. The ID-MTX inS2arm  with dexamethasone at 6 mg/m’ than prednisolone 40 mg/m’.
of 184-11 study efficiently reduced relapse after off therapy,  In UK Medical Research Council ALL97 trial,** dexamethasone
whereas the control arm showed clusters of relapse starting at given at 6.5mg/m? and prednisolone given at 40 mg/m* were
the point of off therapy. These results developed a hypothesis compared, and the dexamethasone arm showed better outcome.
that an addition of a new intensified treatment on early phase A conclusive result is anticipated in the trials with higher dose
might make it possible to shorten the duration of therapy further  of dexamethasone at 10 mg/m” along with the evaluation of
without sacrificing overall outcome. Randomized study could  side effects.
not be realized because a control arm was difficult to set. For the In conclusion, analysis of long-term follow-up results
intensification of early therapy, ID-CA and HD-CA and brought us invaluable suggestions to consider for our future
mitoxantrone were administered in all risk groups. As a result, studies. Girls may generally be more drug sensitive than
the relapse increased in both SR and HR groups. The short boys and they could be cured with shorter maintenance therapy
maintenance therapy affected more negatively on the lower-risk ~ than boys; at the same time, they may be at higher
patients and males than on the higher risk and females (Table 6).  risk of secondary AML/MDS. The testicular relapse and
EFS of HR patients was almost equivalent to that of SR. The early ~ lower EFS in boys were almost resolved in L95-14. TCCSG
intensification might be more effective in HR than SR as CCG  currently limited the indication of cranial irradiation to <10%
reported.*® Randomized comparison of length in maintenance  of the patients. To avoid the secondary malignancy and
therapy for 18 months vs 24 months came to conclusion in neurological sequelae, it is of primary importance to omit
ALL-BFM 81* and 83*” studies, and ALL-BFM 86°® study was  the cranial irradiation and the etoposide completely as a
amended to extend all the maintenance from 18 to 24 months.  primary therapy. Safe and effective induction and immediately
The appropriate length of maintenance therapy must be  given intensification, as well as appropriate length of
essential, particularly for the lower-risk patients and males.  maintenance therapy, are still major subjects to study. We
The duration between 18 months and 24 months were needed  seriously realized that an establishment of firm long-term
in the protocols of BFM-type structure. The boys had a higher  follow-up system is mandatory to evaluate the ultimate result
risk of late relapse without sufficient maintenance therapy. of the protocols.
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Figure 4 EFS, survival, and cumulative incidence of isolated or any CNS relapses in L95-14 study.
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