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Early Intensification of Intrathecal Chemotherapy Virtually Eliminates Central
Nervous System Relapse in Children With Acute Lymphoblastic Leukemia

By Ching-Hon Pui, Hazem H. Mahmoud, Gaston K. Rivera, Michael L. Hancock, John T. Sandlund, Frederick G.
Behm, David R. Head, Mary V. Relling, Raul C. Ribeiro, Jeffrey E. Rubnitz, Larry E. Kun, and William E. Evans

Central nervous system (CNS) relapse has been an obstacle
to uniformly successful treatment of childhood acute lympho-
blastic leukemia (ALL) for many years. We therefore intensi-
fied intrathecal chemotherapy (simultaneously administered
methotrexate, hydrocortisone, and cytarabine) for 165 con-
secutive children with newly diagnosed ALL enrolled in Total
Therapy Study XIIIA from December 1991 to August 1994.
The 64 patients (39%) who had 1 or more blast cells in
cytocentrifuged preparations of cerebrospinal fluid at diagno-
sis, with or without associated higher-risk features, received
additional doses of intrathecal chemotherapy during remis-
sion induction and the first year of continuation treatment.
Patients with higher-risk leukemia, regardless of cerebrospi-

nal fluid findings, also received additional doses of intrathe-
cal chemotherapy during the first year of continuation treat-
ment. Cranial irradiation was reserved for patients with
higher-risk leukemia (22% of the total). The 5-year cumula-
tive risk of an isolated CNS relapse among all 165 patients
was 1.2% (95% confidence interval, 0% to 2.9%), whereas
that of any CNS relapse was 3.2% (0.4% to 6.0%). The
probability of surviving for 5 years without an adverse event
of any type was 80.2% =+ 9.2% (SE). Our results suggest that
early intensification of intrathecal chemotherapy will reduce
the risk of CNS relapse to a very low level in children with
ALL, securing a higher event-free survival rate overall.

© 1998 by The American Society of Hematology.

PPROXIMATELY 70% of children with acute lymphoblas- cytes/uL with definable blast cells or the presence of cranial-nerve
tic leukemia (ALL) can be cured with contemporary palsies; anccontaminatedmore than 10 erythrocytes/uL with detect-
forms of chemotherapyOne approach to improving this result able blast cells. Cell counts in the CSF were performed with a
would be to lower the incidence of central nervous systemnemocytometer. ,
(CNS) relapse, which in most studies ranges from 5% to Treatment. Initial treatment consisted of methotrexate aftrfel-

. L . - lowed 4 days later by remission induction therapy with prednisone,
0/ 2-12
11%2*2 Growing appreciation that CNS irradiation can Causevincristine, daunorubicin, asparaginase, and etoposide plus cytarabine

potentially serious neurotoxicity, including brain tumors, has (Fig 1)17 All patients received 2 weeks of consolidation therapy with
increased the emphasis on stringent risk assessment to ensyigh-dose methotrexate and mercaptopurine upon attaining complete
that patients are neither undertreated nor overtreated within thigemission. Continuation therapy for higher-risk cases consisted of drug
site3 Thus, we have reported that fewer than 5 leukocytes/|iLpairs administered in weekly rotation: etoposide plus cyclophospha-
with definable blast cells in the cerebrospinal fluid (CSF) mide, mercaptopurine plus methotrexate, methotrexate plus cytarabine,
increases the CNS relapse hazard in children with Allhis prednisone plus vincristine plus asparaginase, etoposide plus cyclophos-
suggests that any number of leukemic cells in the CSF identifie§hamide, mercaptopurine plus high-dose methotrexate (replaced by

patients who may benefit from intensified intrathecal chemotherl0W-dose methotrexate after 1 year of therapy), etoposide plus cy-

oy hch efctely revents ONS relapse i Gases ofar2bre T8 prechsone s o s apammse Porvcton
intermediate- or high-risk ALI1%1416 |n the study reported Py y

. . ; . to 37. Postremission treatment for lower-risk cases consisted of daily
here, early intensification of triple intrathecal chemotherapymerct,ﬂptoIourine and weekly methotrexate reinforced by high-dose

(methotrexate, hydrocortisone, and cytarabine), especially fofethotrexate every 8 weeks (for the first year) and prednisone plus
patients with blast cells in the CSF and those with standardincristine pulse every 4 weeks.
higher-risk features, reduced the incidence of CNS relapse to a The schedule of triple intrathecal chemotherapy (simultaneously
very low level, improving clinical outcome overall. administered methotrexate, hydrocortisone, and cytarabine) is shown in
Fig 1. Briefly, the intensification plan specified additional intrathecal
treatments, in age-appropriate dodeen days 8 and 15 of remission
MATERIALS AND METHODS induction for all patients whose CSF sample had a CNS-2, CNS-3, or
Patients. From December 1991 to August 1994, 165 consecutive contaminated status. These subgroups then received additional intrathe-
children and adolescents, 18 years of age or younger, with newly
diagnosed ALL were enrolled in Total Therapy Study XIIIA at St Jude
Children’s Research Hospit&l.The treatment protocol was approved  From the Departments of Hematology-Oncology, Pathology and
by the institutional review board, and signed informed consent wasLaboratory Medicine, Pharmaceutical Sciences, Biostatistics and Radia-
obtained from the patients’ parents or guardians. tion Oncology, St Jude Children’s Research Hospital, and Department
The diagnosis of ALL was based on morphologic and cytochemicalof Pediatrics, Pharmacy and Radiation Oncology, University of Tennes-
evaluation of bone marrow smears as well as immunophenotyping andee, College of Medicine, Memphis, TN.
cytogenetic analysis of lymphoid blast cells. Depending on the pattern Submitted December 1, 1997; accepted March 16, 1998.
of blast cell reactivity to a panel of monoclonal antibodies, cases were Supported by Grants No. CA-20180 and CA-21765 (CORE) from the
classified as T-cell or B-cell precursor, as previously described. National Cancer Institute and by the American Lebanese Syrian
Samples of CSF (1.0 mL from cases with fewer than 500 cells/uL or aAssociated Charities (ALSAC).
smaller volume from cases with higher counts, increased to 1.0 mL with  Address reprint requests to Ching-Hon Pui, MD, St Jude Children’s
normal saline) were mixed with one drop of 22% bovine albumin Research Hospital, 332 N Lauderdale, Memphis, TN 38105-0318.
(Organon Teknika, Durham, NC), placed in a cytospin sample chamber, The publication costs of this article were defrayed in part by page
and centrifuged at 1,000 revolutions per minute for 5 minutes (Shandorcharge payment. This article must therefore be hereby mdikeder-
centrifuge; Shandon, Cheshire, UK). All slides were reviewed by two tisement”in accordance with 18 U.S.C. section 1734 solely to indicate
examiners (a hematopathologist and a certified medical technician) whthis fact.
classified cases &NS-1 no definable blast cell§NS-2 fewer than 5 © 1998 by The American Society of Hematology.
leukocytes/pL with definable blast cell§NS-3 5 or more leuko- 0006-4971/98/9202-0034$3.00/0
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Fig 1. Schema of remission induction, consolidation treatment, and continuation therapy for the first year. Solid arrows indicate triple
intrathecal treatment that was administered to all patients; hatched arrows, additional doses administered only to patients with a CNS-2, CNS-3,
or contaminated status; open arrows, additional doses administered during the continuation phase of therapy to patients with a higher risk of
CNS relapse, as defined by CSF findings or other features (Table 1). Cranial irradiation plus 5 triple intrathecal treatments was administered only
to patients with high-risk leukemia. See the Materials and Methods for other details.

cal doses every 4 weeks during the first 56 weeks of continuationintrathecal chemotherapy was not administered after the first 59 weeks

therapy, as did patients with a CNS-1 status who were judged to have aof continuation treatment.

increased risk of CNS relapse based on other features (Table 1). Cranial Statistical analysis. Differences in the distribution of base-line

irradiation was reserved for patients in the higher-risk category (1,80Characteristics among subgroups defined by CNS status were assessed

CGy or 2,400 cGy plus 5 intrathecal treatments from weeks 56 to 69)with Fisher's exact test. To account for the competing effects of failures
other than CNS relapse, we estimated the cumulative incidence of CNS

Table 1. Subgroups Receiving Intensified Therapy Directed relapse (either isolated or combined with relapse in any other site) as an
to the CNS initial adverse event, using the method of Kalbfleisch and Préftise
No. of Intrathecal Treatments implemented by Gra$? Survival free of CNS relapse and event-free
No. of First Dose of Cranial survival were estimated by the Kaplan-Meier method. Follow-up times
CSFFinding*  Patients 12 wks Total Irradiation (cGy) on the date of analysis ranged from 3 to 5.7 years (median, 4.3 years).
Lower risk
CNS-1 89 6 13 0 RESULTS
CNS-2 27 8 21 0 . ) ) .
Contaminated 12 8 21 0 Sixty-four patients (39%) had unequivocal lymphoblasts in
Higher riskt their CSF samples: 42 had CNS-2 status; 6 had CNS-3 status;
CNS-1 12 6 24 1,800 and 16 had contaminated status (Table 1). Twenty-five were
CNS-2 15 8 26 1,800 considered to have a higher risk of CNS relapse by standard
Contaminated 4 8 26 1,800 criteria (B-cell precursor immunophenotype with a leukocyte
CNS-3 6 8 26 2,400 count of at least 106 10%/L, a T-cellimmunophenotype with a
*CNS-1 status is defined by no identifiable blast cells in CSF; CNS-2, leukocyte count of at least 58 1%L, or a karyotype with the

fewer than 5 leukocytes/uL with definable blast cells in CSF; CNS-3, 5 Ph||ade|ph|a Chromosome), whereas 39 were in the lower-risk
o; moreAITukocytes/pIL with definable b.last cellsin CSl;orthe presehnce category (absence of higher-risk features). By comparison with
of crania _nerve palsy; and contgmmated, more than 10 erythro- the CNS-1 subgroup, patients with a CNS-2 status were
cytes/pL with detectable blast cells in CSF. N . .
) significantly more likely to have several adverse presenting
tB-cell precursor phenotype with a leukocyte count of at least 100 X 0 0
109/L, a T-cell phenotype with a leukocyte count of at least 50 X 109/L, features: |EUKOCyte_ counts greater than 3000°/L (33 %V 5%,
or a karyotype with the Philadelphia chromosome. All other cases P <.001), a germlind EL status (76% 58%,P < .01), or an

were considered lower risk. MLL rearrangement (17%21%, P < .001). There were too few
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10r near-haploidy was not used as a criterion for cranial irradiation.
Hence, none of these 5 patients had received cranial irradiation
81 before relapse.

DISCUSSION

4| pny ONG rapse 525 0% 1050% We attribute t_he very |OW incidt_ence of CNS relapse i_n this
study to early intensification of intrathecal treatment in the
_ml NG relapse  1.2% (0% to 26%) context of effective systemic chemotherapy. Although the need
A I for intensive CNS-directed therapy is well recognized in
0 LT : : : patients with a CNS-3 statdsye are the first to have extended
this requirement to patients with a CNS-2 status. Our use of
cranial irradiation was limited to a subset of patients (22% of
the total group) who were at higher risk of CNS relapse, with or
Any adverse event  80.2% £ 9.2% without positive CSF findings. The efficacy of this strategy is
supported by results from an interim analysis of our ongoing
Total Therapy trial: no CNS relapses among 200 patients
w0l observed for a median of 20 months (C.-H.P., unpublished
observation). Others have reported similarly low risks of CNS
20 | relapse in recent years, but in each instance, a majority of the
B patients received cranial irradiatiéh?® The high event-free
0 " - s - : ) survival estimate in our study (80.2% 9.2% [SE] at 5 years)
0 1 2 3 4 5 6 reflects at least in part the near elimination of CNS relapse as a
Years from Diagnosis major adverse event in the clinical course of ALL patients and
No. at risk: 165 157 144 124 58 14 represents improvement over previous results from this cen-
Fig 2. (A) Cumulative risk of CNS relapse, either isolated or ter2* . . . i i e .
combined with relapse in other sites. Numbers in parentheses are the In therapeutic trials that did not include early intensification
95% confidence intervals. (B) Event-free survival and survival free of of intrathecal therapy, the isolated CNS relapse rates have
CNS relapse. Five-year estimates are the means = SE. Three patients ranged from 5% to 11%12 Addition of cranial irradiation did
did not achieve (?omplet.e remis.sion and.theref‘orewe.re not at risk for not appear useful in Iowering the hazard of CNS relapse in
CNS relapse during the immediate postinduction period. several of these studi€d%11in the trial preceding Study XIIIA,
we did not administer intrathecal treatment during consolidation
patients with a CNS-3 status to permit meaningful statisticaltherapy or early in the continuation phase, and neither did we
testing. intensify CNS-directed therapy for patients in whom a CNS-2
One hundred sixty-three of the 165 patients entered completstatus was the only feature predicting relapsértually all of
remission. Of the 28 adverse events that have occurred, 13 wethe CNS relapses in that study occurred during the first year of
hematologic relapses, 2 were isolated CNS relapses, 3 wereontinuation treatment, before scheduled administration of
combined CNS and hematologic relapses, and 2 were deaths tranial irradiation.
remission (1 accidental and 1 due to presumed sepsis). There In the future, it may be possible to avoid cranial irradiation in
have been 8 cases of therapy-induced leukemia. The cumulativeme patients with high-risk leukemia, eg, those with a rapid
risk of an isolated CNS relapse at 5 years postremission wasarly response to induction chemother&blf The use of
1.2% (95% confidence interval, 0% to 2.9%) and of any CNSdexamethasone, which may penetrate into the CSF better than
relapse was 3.2% (0.4% to 6.0%; Fig 2A). The 5-year event-fregorednisoloné&’ could further reduce the proportion of patients
survival estimate for all 165 patients was 80.299.2% (SE)  requiring cranial irradiatiod® However, the requirement for
(Fig 2B). radiation in other subgroups remains controversial. Among
Two adolescent boys (with B-cell precursor leukemia and achildren with T-cell leukemia and an initial leukocyte count of
CNS-2 or contaminated CSF status) had isolated CNS relapsext least 100x 10°/L, those treated with intensive intrathecal
at 16 and 19 months of continuation treatment. Both patientgsherapy alone had an inferior outcome compared with those
had relatively low presenting leukocyte counts (17 and 8.9 receiving cranial irradiatio® although this comparison was
1%L, respectively), and neither had recognized high-risknot based on patients treated with the same systemic regimen.
genetic features. Three other boys, 3 to 6 years of age witliNonetheless, it may be possible to reduce the dose of prophylac-
B-cell precursor leukemia and a CNS-1 status, had combinedic cranial irradiation to as low as 1,200 cGy without loss of
CNS and bone marrow relapses at 13, 19, and 37 months. Bottiherapeutic efficac}# Some investigators use craniospinal
cases of early relapse had high-risk genetic features, either theradiation to treat patients with a CNS-3 statti$?232°We
Philadelphia chromosome with a leukocyte count of 271  suggest that cranial irradiation plus intensified intrathecal
1%L or a near-haploid karyotype with a leukocyte count of chemotherapy is sufficient therapy for this subgroup, because
2.7 X 10°/L. The 1 late relapse occurred in a patient with none of the 13 patients with a CNS-3 status in the present study
hyperdiploid leukemia>¥50 chromosomes per leukemic cell). or our ongoing trial has relapsed in the CNS.
The patient with Philadelphia chromosome-positive ALL re- The frequency of detection of a CNS-2 status has increased
lapsed just before scheduled cranial irradiation, and in this studgignificantly at this centelR( < .01), from 17.6% (Mahmoud et

Cumulative Incidence (%)

100 Isolated CNS relapse  98.6% + 3.0%

Any CNS relapse 96.5% +4.7%

Probabilty (%)
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aP) to 25.5% in the present study. We would emphasize that thés, Civin C, Munoz L, Steuber P, Strother D, Kamen BA: Intensive
distribution of other presenting features (eg, leukocyte countintravenous methotrexate and mercaptopurine treatment of higher-risk
age, leukemic cell lineage or ploidy, and the presence of théon-T, noq-B acute lymphocytic leukemia: A Pediatric Oncology Group
Philadelphia chromosome) did not differ between study patient$tudy- J Clin Oncol 12:1383, 1994 _ ,
and the historical comparison group (data not shown). However, 9. .Plnkel D, Woo S: Prevention and treatment of meningeal leukemia
even though the median leukocyte count in the CSE () was in children. Blood 84:355, 1994

. . . 10. Conter V, AricaM, Valsecchi MG, Rizzari C, Testi AM, Messina
identical between these two cohorts, the median percentage Q{ Mori PG, Miniero R, Colella R, Basso G, Rondelli R, Pession A,

blasts in cytospin preparations was higher in the current studyasera G for the Associazione Italiana di Ematologia ed Oncologia
(6% v 3%, P = .03). We attribute both the higher incidence of pegiatrica: Extended intrathecal methotrexate may replace cranial
CNS-2 findings and the increased percentage of blasts in thgradiation for prevention of CNS relapse in children with intermediate-
CSF to improved preparation of cytospin samples (with anrisk acute lymphoblastic leukemia treated with Berlin-Frankfurtrister-
upgraded cytocentrifuge), more rapid delivery of CSF samplesased intensive chemotherapy. J Clin Oncol 13:2497, 1995

to the laboratory (thus avoiding excessive degradation of blast 11. Chessells JM, Bailey C, Richards SM, for the Medical Research
cells), and greater vigilance for leukemic blasts in CSF Samp|es{louncil Working Party on Childhood Leukaemia: Intensification of
With immunologic assays, the proportion of children with treatment and survival in all children with lymphoblastic leukaemia:

leukemic cells in their CSF may increase still further, to as highResults of UK Medical Research Council trial UKALL X. Lancet
as 4593031 345:143, 1995

Earlv int ificati f temic ch th t tth 12. Winick N, Shuster JJ, Bowman WP, Borowitz M, Farrow A,
arly iIntensinication ot systemic chemotnerapy 1o prevent they ., ;¢4 D, Buchanan GR, Kamen BA: Intensive oral methotrexate

emergence of drug-resistant blast cells is the_ Cor_nersmne q:frotects against lymphoid marrow relapse in childhood B-precursor
successful treatment of ALLI3As demonstrated in this report, acute lymphoblastic leukemia. J Clin Oncol 4:2803, 1996
the same approach to intrathecal chemotherapy can reduce thei3. PuiC-H, Crist WM: Biology and treatment of acute lymphoblas-
CNS relapse hazard to near zero, boosting the overall effectiveatic leukemia. J Pediatr 124:491, 1994
ness of ALL treatment programs. Additional study is needed to 14. Hasle H, Helgestad J, Christensen JK, Jacobsen BB, Kamper J:
determine if patients with a CNS-2 status require more intensivé’rolonged intrathecal chemotherapy replacing cranial irradiation in
early intrathecal treatment than do those with a CNS-1 status. Nigh-risk acute lymphatic leukaemia: Long-term follow up with cere-
bral computed tomography scans and endocrinological studies. Eur J
ACKNOWLEDGMENT Pediatr 154:24,1995
. » » 15. Conter V, Schrappe M, Arictl, Reiter A, Rizzari C, Dedel-
The authors thar_\k_ John Qllbert for c_rltlcal comment‘s and editing mann, Valsecchi MG, Zimmerman M, Ludwig W-D, Basso G, Masera
assistance and Virginia Norris for preparing the manuscript. G, Riehm H for the Associazione Italiana Ematologia Oncologia
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REFERENCES radiotherapy for childhood T-cell acute lymphoblastic leukemia with
1. Pui C-H: Childhood leukemias. N Engl J Med 332:1618, 1995  high WBC count and good response to prednisone. J Clin Oncol
2. Pui C-H, Simone JV, Hancock ML, Evans WE, Williams DL, 15:2786, 1997
Bowman WP, Dahl GV, Dodge RK, Ochs J, Abromowitch M, Rivera  16. Nachman J, Sather HN, Cherlow JM, Sensel MG, Gaynon PS,
GK: Impact of three methods of treatment intensification on acuteLukens JN, Wolff L, Trigg ME: Response of children with high-risk
lymphoblastic leukemia in children: Long-term results of St. Jude Totalacute lymphoblastic leukemia treated with and without cranial irradia-
Therapy Study X. Leukemia 6:150, 1992 tion: A report from the Children’s Cancer Group. J Clin Oncol 16:920,
3. Pullen J, Boyett J, Shuster J, Crist W, Land V, Frankel L, Lyer R, 1998
Backstrom L, van Eys J, Harris M, Ravindranath Y, Sullivan M:  17. Pui C-H, Relling MV, Behm FG, Hancock ML, Boyett JM,
Extended triple intrathecal chemotherapy trial for prevention of CNSRaimondi SC, Krance RA, Mahmoud HH, Ribeiro RC, Sandlund JT,
relapse in good-risk and poor-risk patients with B-progenitor acuteHead DR, Evans WE, Crist WM, Rivera GK: L-asparaginase may
lymphoblastic leukemia: A Pediatric Oncology Group Study. J Clin potentiate the leukemogenic effect of the epipodophyllotoxins. Leuke-
Oncol 11:839, 1993 mia 9:1680, 1995
4. Gelber RD, Sallan SE, Cohen HJ, Donnelly M, Dalton V, Tobia F, 18. Pui C-H, Behm FG, Crist WM: Clinical and biologic relevance
Clavell LA, Tarbell NJ: Central nervous system treatment in childhood of immunologic marker studies in childhood acute lymphoblastic
acute lymphoblastic leukemia. Long-term follow-up of patients diag- leukemia. Blood 82:343, 1993
nosed between 1973 and 1985. Cancer 72:261, 1993 19. Synold TW, Relling MV, Boyett JM, Rivera GK, Sandlund JT,
5. Mahmoud HH, Rivera GK, Hancock ML, Krance RA, Kun LE, Mahmoud H, Crist WM, Pui C-H, Evans WE: Blast cell methotrexate-
Behm FG, Ribeiro RC, Sandlund JT, Crist WM, Pui C-H: Low polyglutamate accumulation in vivo differs by lineage, ploidy, and
leukocyte counts with blast cells in cerebrospinal fluid of children with methotrexate dose in acute lymphoblastic leukemia. J Clin Invest
newly diagnosed acute lymphoblastic leukemia. N Engl J Med 329:31494:1996, 1994
1993 20. Bleyer WA: Clinical pharmacology of intrathecal methotrexate.
6. Tubergen DG, Gilchrist GS, O'Brien RT, Coccia PF, Sather HN, II. An improved dosage regimen derived from age-related pharmacoki-
Waskerwitz MJ, Hammond GD: Prevention of CNS disease in interme-netics. Cancer Treat Rep 61:1419, 1977
diate-risk acute lymphoblastic leukemia: Comparison of cranial radia- 21. Kalbfleisch JD, Prentice RL: The Statistical Analysis of Failure
tion and intrathecal methotrexate and the importance of systemiclime Data. New York, NY, Wiley, 1980, p 163
therapy: A Childrens Cancer Group Report. J Clin Oncol 11:520, 1993 22. Gray RJ: Aclass of K-sample tests for comparing the cumulative
7. Lauer S, Shuster J, Kirchner P, Kiefer G, Pullen J, Camitta B,incidence of a competing risk. Ann Stat 16:1141, 1988
Land V: Prognostic significance of cerebrospinal fluid (CSF) lympho- 23. Gaynon PS, Steinherz PG, Bleyer WA, Ablin AR, Albo VC,
blasts (LB) at diagnosis (dx) in children with acute lymphoblastic Finklestein JZ, Grossman NJ, Novak LJ, Pyesmany AF, Reaman GH,
leukemia (ALL). Proc Am Soc Clin Oncol 13:317, 1994 Chappell RJ, Sather HN, Hammond GD: Improved therapy for children
8. Camitta B, Mahoney D, Leventhal B, Lauer SJ, Shuster JJ, Adairwith acute lymphoblastic leukemia and unfavorable presenting features:

20z AeIN 62 uo 1sanb Aq 4pd°| L ¥/2vE9Y9L/ L L 1/2/26/4Ppd-aloie/poo|qAau suonedligndyse//:djjy woly papeojumoq



CNS-DIRECTED THERAPY IN ALL 415

A follow-up report of the Childrens Cancer Group Study CCG-106. J sible relationship to the prevention of meningeal leukemia. J Clin Oncol
Clin Oncol 11:2234, 1993 5:202, 1987

24. Schorin MA, Blattner S, Gelber RD, Tarbell NJ, Donnelly M, ~ 28. Veerman AJP, Hden K, Kamps WA, Van Leeuwen EF, De Vaan
Dalton V, Cohen HJ, Sallan SE: Treatment of childhood acute lympho-GAM, Solbu G, Suciu S, Van Wering ER, Van der Does-Van den Berg
blastic leukemia: Results of Dana-Farber Cancer Institute/Children'sA: High cure rate with a moderately intensive treatment regimen in
Hospital Acute Lymphoblastic Leukemia Consortium Protocol 85-01. Jnon-high-risk childhood acute lymphoblastic leukemia: Results of
Clin Oncol 12:740, 1994 protocol ALL VI from the Dutch Childhood Leukemia Study Group. J

25. Reiter A, Schrappe M, Ludwig W-D, Hiddemann W, Sauter S, Clin Oncol 14:911, 1996 . )
Henze G, Zimmermann M, Lampert F, Havers W, Niethammer D, 29. Cherlow JM, Sather H, Steinherz P, Gaynon P, Tubergen D, Trigg

Odenwald E, Ritter J, Mann G, Welte K, Gadner H, Riehm H: M, Novak L, Bleyer WA: Craniospinal irradiation for acute lymphoblas-

Chemotherapy in 998 unselected childhood acute lymphoblastic Ieuket-IC leukemia with central nervous system disease at diagnosis: A report

from the Children’ ncer Group. Int J R ncol Biol Ph 1
mia patients. Results and conclusions of the multicenter trial ALL-BFM om the Children's Cancer Group. Int J Rad Oncol Biol Phys 36:19,

1996
86. Blood 84:3122, 1994 30. Homans AC, Barker BE, Forman EN, Cornell CJ, Dickerman

26. Nachman J, Sather HN, Gaynon PS, Lukens JN, Wolff L, Trig0 35 tryman JT: Immunophenotypic characteristics of cerebrospinal
ME: Augmented Berlin-Frankfurt-Munster therapy abrogates the ad-ig cells in children with acute lymphoblastic leukemia at diagnosis.
verse prognostic significance of slow early response to inductiong|ood 76:1807, 1990
chemotherapy for children and adolescents with acute lymphoblastic 31, Hooijkaas H, Hhalen K, Adriaansen HJ, Dekker I, van Zanen
leukemia and unfavorable presenting features: A report from theGE, van Dongen JIM: Terminal deoxynucleotidyl transferase (TdT)-
children’s cancer group. J Clin Oncol 15:2222, 1997 positive cells in cerebrospinal fluid and development of overt CNS

27. Balis FM, Lester CM, Chrousos GP, Heideman RL, Poplack DG: leukemia: A 5-year follow-up study in 113 children with a TdT-positive
Differences in cerebrospinal fluid penetration of corticosteroids: Posdeukemia or non-Hodgkin’s lymphoma. Blood 74:416, 1989

20z AeIN 62 uo 1sanb Aq 4pd°| L ¥/2vE9Y9L/ L L 1/2/26/4Ppd-aloie/poo|qAau suonedligndyse//:djjy woly papeojumoq



