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Factors associated with outcome after unrelated marrow transplantation
for treatment of acute lymphoblastic leukemia in children
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Acute lymphoblastic leukemia (ALL) is
the most common indication for trans-
plantation of marrow from unrelated do-
nors in children. We analyzed results of
this procedure in children with ALL treated
according to a standard protocol to deter-
mine risk factors for outcome. From Janu-
ary 1987 to 1999, 88 consecutively seen
patients with ALL who were younger than

18 years received a marrow transplant
from an HLA-matched (n = 56) or partly
matched (n = 32) unrelated donor during
first complete remission (CR1; n = 10),
second remission (CR2; n = 34), third re-
mission (CR3; n = 10), or relapse (n =
34). Patients received cyclophosphamide
and fractionated total-body irradiation as

conditioning treatment and were given
methotrexate and cyclosporine for graft-
versus-host disease (GVHD) prophylaxis.
Three-year rates of leukemia-free sur-
vival (LFS) according to phase of disease
were 70% for CR1, 46% for CR2, 20% for
CR3, and 9% for relapse ( P < .0001).
Three-year cumulative relapse rates were
10%, 33%, 20%, and 50%, respectively,
and 3-year cumulative rates of death not
due to relapse were 20%, 22%, 60%, and
41%, respectively, for patients with CR1,
CR2, CR3, and relapse. Grades Il to IV
acute GVHD occurred in 43% of patients
given HLA-matched transplants and in
59% given partly matched transplants
(P = .10); clinical extensive chronic

GVHD occurred in 32% and 38%, respec-
tively ( P =.23). LFS rates were lower in
patients with advanced disease
(P < .0001), age 10 years or older
(P = .002), or short duration of CR1
(P = .007). Thus, in addition to phase of
disease, age and duration of CR1 were
predictors of outcome after unrelated-
donor transplantation for treatment of
ALL in children. Outcome was particu-
larly favorable in younger patients with
early phases of the disease. (Blood.
2002;99:2002-2008)
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Introduction

Acute lymphoblastic leukemia (ALL) is the most common indicaHowever, studies of this issue generally included adult patients,
tion for marrow transplantation in children. Marrow transplantatioand prognostic factors associated with pediatric ALL were not
has been restricted to treatment of advanced or high-risk ALfqund to be significant. The objective of this study was to identify
since conventional chemotherapy provides excellent control of thek factors in children with ALL who underwent URD marrow
disease in most newly diagnosed patients. For patients with relaggansplantation according to a standard protocol in a single
transplantation of marrow from HLA-matched sibling donordnstitution. For this purpose, we analyzed the subgroup of patients
during second complete remission (CR2) has been reportedviith a diagnosis of ALL who were younger than 18 years at the
provide leukemia-free survival (LFS) rates of 40% to 50% at 2 tot§me of transplantation and who received an URD marrow graft and
yearst2The role of marrow transplantation in treatment of patient® standard conditioning regimen.
with high-risk features in first complete remission (CR1) has not
been established. Single-arm studies of HLA-identical, sibling-
donor marrow transplantation during CR1 in patients with ALL anfatients and methods
very high-risk features found LFS rates of 45% to 84% at 3 years,
indicating an apparent survival advantage for this treatmeht"
compared with conventional chemotherapy. Beginning in April 1983, a standard protocol was used for URD marrow
The development of donor registries has increased the availalignsplantation in patients with hematologic malignant disease. Patients
ity of HLA-matched or closely matched donors for the 70% ofvere eligible if they had a diagnosis of high-risk hematologic disease and a
patients without an HLA-matched family-member donor. Coms_uitable URD. Patients were excluded if they were older than 55 years, had

. . . . ) life expectancy severely limited by organ dysfunction or diseases other
pared with historical controls, results with unrelated-donor (UR than cancer, had leukoencephalopathy, had received more than 3000 cGy in

marrow transpla_nt; have approached those with tranSplam_s frﬂrgdiaﬁon to the whole brain or more than 1500 cGy to the chest or
HLA-matched Slb“rﬁgl-’G'? Several factors have been associateghdomen, or were seropositive for human immunodeficiency virus. Among
with improved survival, including transplantation during an earlgatients enrolled in the study, we confined the analysis described here to
phase of the disease, HLA matching, and high marrow cell &&%e. those with a diagnosis of ALL who were under 18 years of age at the time of

ients
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transplantation and who received a transplant before January 19Satistical methods
Eighty-eight children fit these criteria.

The diagnosis of ALL was made at the referring institution an
confirmed by review of diagnostic bone marrow samples. Primary a
secondary therapies for ALL varied according to practice at the referri
institution. Remission status was determined within 2 weeks befoft . A : :
transplantation by histopathological and cytogenetic analysis of marr rsus= 10 years), ‘ethnllc group (white versus n_onwhlte), EMD any ime
and cerebrospinal fluid. Remission was defined as a complete respons etfgre transplantation, immunophenotype (defined as B-cell precursor

chemotherapy in the bone marrow, that is, less than 5% blasts and norllﬁjal?loﬂ versus T-cell Qr qull cell [CD10]), cytogenetic abnormal.ities.,
marrow cellularity or a true M1 marrow; absence of these findings Wégormal versus hyperdiploidy versus (4;11) or 1(9;22) or hypodiploidy

considered a relapse. For consistency with previous studies in Jrsus other abnormal cytogenetic findings versus unknown), white blood

institution, disease phase was first defined according to the numbercg*I (WBC) count at diagnosis<{( 10.0x 1(/L versus 10.0-50.6x 10°/L

medullary remission or relapse events that occurred before transplantat%‘?{,sus> 50'0?( 1¢°L), phase ‘?f (ﬁsease at transplantation (CRl_ Versus
versus third complete remission [CR3] versus relapse, examined both

and an isolated extramedullary relapse was not considered a separat! aul | included and luded f he definiti p
relapse event. Outcomes also were analyzed by using a more stand&'m extramedullary relapse included and excluded from the definition o

definition of disease phase that included extramedullary relapse as an evi ﬁl) d‘uratlon of Cleé, 24 mqnths versus- 24 months), tlme from )
iagnosis to transplantation, patient and donor cytomegalovirus serologic

status, patient and donor HLA match, patient and donor sex match, cell dose
(< 3.65x 18 versus= 3.65x 1(® total nucleated cells/kg), and year of
The preparative regimen consisted of administration of cyclophosphamitiansplantation (before 1992 versus 1992 and later, when standard infection
(60 mg/kg of body weight per day for 2 days; total dose, 120 mg/kg)rophylaxis was used in all patients). Peripheral blasts and the percentage of
followed by total-body irradiation (TBI) delivered from opposing cobaltblasts in pretransplantation marrow were examined in patients with relapse
sources in 3 daily fractions of 120 cGy each (total dose, 14.4°Gydm  at the time of transplantation.
1987 to 1989, younger patients with leukemia relapse received a 15.75-Gy Estimates of overall survival and LFS were calculated by using the
total dose of TBI given in daily fractions of 2.25 Gy. Patients received thethod of Kaplan and Meiéf,and cumulative incidence estimates were
intrathecal injections of methotrexate during the preparative phase, amkd to describe rates of relapse and NRBor the end point of relapse,
male patients received an addition 4.0 Gy of irradiation to the testeteath without relapse was regarded as a competing risk and conversely for
Additional irradiation was used to treat active sites of extramedullalyRD. In the regression models, patients not reaching the appropriate end
disease (EMD). The transplantation protocols and consent forms wem@int were censored at the time of last contact or failure because of a
approved by the institutional review board (IRB) of Fred Hutchinsogompeting risk, whichever occurred first. Alvalues associated with the
Cancer Research Center (FHCRC) and Children’s Hospital and Regionegression models were derived from the likelihood ratio test. Comparisons
Medical Center, and informed consent to participate in the study wastween patient groups were made with the Wilcoxon rank sum test for
obtained from parents or guardians in accordance with IRB policies. continuous variables and thé test for categorical variables. Aft values
Histocompatibility testing of all patients and donors was done by there 2-sided. No adjustments were made for multiple comparisons. Data
Clinical Immunogenetics Laboratory at FHCRC using methods describedllected by April 2001 were included in the analysis.
previously**15Until 1990, compatibility of the HLA-D region was defined
by determining the Dw phenotype using HLA-D homozygous typing
cells!*15Subsequently, hybridization of sequence-specific oligonucleotide
probes was used to identify DRB1 allefésPatient-donor compatibility Results
was tested further by lymphocyte cross-matching (patient serum versus
donor T and B cells) before transplantatididbonors were HLA matched or Patient characteristics

had incompatibility of one HLA locus, defined as a disparity within zBetween July 1987 and January 1999, 88 consecutively seen

cross-reactive group for the HLA-A or HLA-B locus, or within the same™ "~ . .
serologically defined DR specificity for HLA-Dw antigens or DRB1 allelesChildren (< 18 years of age) with ALL were treated according to a

Patients received unmanipulated bone marrow cells collected accordfigndard protocol for URD marrow transplants. Two of these
to established methotfsl®infused through a central venous catheter on dapatients did not tolerate CSP and MTX for GVHD prophylaxis and
0 within 24 hours after the last dose of irradiation. Methotrexate (MTX) anteceived alternative prophylactic therapy, and 7 patients received
cyclosporine (CSP) were given for prevention of graft-versus-host diseagaclizumab in addition to CSP and MTX prophylaxis. Patient
(GVHD).® During 1993 and 1994, some patients were enrolled in gharacteristics at diagnosis and transplantation are shown in Table
randomized, placebo-controlled trial of daclizumab in addition to receiving patients were considered in remission if a bone marrow aspirate
standard prophylaxis with MTX and CSPPatients had indwelling central had less than 5% marrow blasts and normal cellularity with

venous catheters and received nutritional support by means of intraven U P .

. . ! : : : rilflheage hematopoiesis within 2 weeks of transplantation. Among
hyperalimentation. Measures to prevent infection varied according to t et. t idered to h | 24 had than 25%
standard of practice at the time of transplantation, and included use of sin fguents consi Oere 0 0 ave relapse, 0 a mor.e an o marrow
conventional or laminar airflow rooms, growth factors, and intravenous asts, 9 had 6% Fo 25/_0' and 1 had 5/°_at_the time of trgnspla_nta—
immunoglobulin, and beginning in 1992, prophylactic flucona@ctnd tion. The last patient did not have remission after 2 reinduction
ganciclovir if indicated for cytomegalovirus prophylaffs3 regimens and underwent transplantation 9 days after a third attempt

Engraftment was defined as achievement of a peripheral granulocgtereinduction without marrow recovery; therefore, this patient did
count above 500 cellgL for 3 consecutive days. Patients were nohot fulfill the criteria for remission. Among the remaining patients
considered evaluable for engraftment if they died and did not havewgth relapse, 10 others did not have remission after reinduction
granulocyte count above 500 cejl#/ before day 21. Donor engraftment chemotherapy given within 2 months of transplantation (2 with
was determined by in situ DNA hybridization with a Y—body—speC|f|c6%_25% blasts and 8 with 25% blasts in marrow at transplanta-

probé* (sex-mismatched transplants), by analysis of restriction fragme%n) and in 23 patients, the interval from last reinduction attempt
length polymorphism3; or by polymerase chain reaction assay of genomic . 7’ ’

DNA for variable-number tandem-repeat polymorphisthgcute and lo tran§plant§tlon was longer than 2 months. . .

chronic GVHD were diagnosed according to conventional criteria and Patients with CR1 had several poor prognostic features, includ-
treated as described previoush?” 28Patients were not considered evalu INg age less than 9 months at diagnosis (2 patients), poor-risk
able for acute GVHD if they died before engraftment or for chronic GVHIEYtogenetic findings (Philadelphia chromosome and t(4;11), 1
if they died before day 80 after transplantation. patient each), undifferentiated leukemia phenotype (1 patient), and

g’roportional hazards regression models were fit for the following end

! ints: relapse, nonrelapse-related death (NRD), and LFS (death or relapse,
ichever occurred first, was considered an event). Explanatory variables

P@amined were patient age at diagnosis, age at transplantati® years

Treatment
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Table 1. Characteristics of the 88 patients
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Table 2. Causes of death

Characteristic No. patients
Total number of patients 88
Sex (M:F) 44:44
Age at diagnosis, mo; median (range) 5.0 (0.1-16.5)

WBC at diagnosis (X 10%L); median (range)
Immunophenotype (%)

18.0 (1.4-800)

B cell precursor 75 (85)

T cell 7(8)

Null cell 6 (7)
Cytogenetics (%)

Normal 17 (19)

Hyperdiploid 20 (23)

t(4;11) 7 (8)

t(9;22) 4 (5)

Other cytogenetic abnormality 31 (35)

Unknown 9 (10)
Extramedullary disease (%)

None 48 (55)

At diagnosis 8(9)

Post diagnosis 32 (36)
Age at transplantation, y; median (range) 8.9 (0.5-17.7)
Duration of CR1,* mo; median (range) 30 (2-90)
Diagnosis to transplantation, mo; median (range) 36 (5-151)

CR1 patients 7 (5-51)
Phase of disease (%)

CR1 10 (11)

CR2 34 (39)

CR3 10 (11)

Relapse 34 (39)
CMV (%)

(+) recipient/(+) donor 31 (35)

(—) recipient/(+) donor 20 (23)

(—) recipient/(—) donor 37 (42)
Regimen (%)

Cy + TBI 14.4 Gy 84 (95)

Cy + TBI 15.75 Gy 4 (5)
GVHD prophylaxis (%)

CSP/MTX 86 (98)

CSP/prednisone 1(1)

FK506/MTX 1(1)
Donor HLA (%)

Match 56 (64)

Mismatch at A or B 15 (17)

Mismatch at DR/DRB1 17 (19)
Cells (X 108/kg); median (range) 4.5 (0.7-46.2)

CMV indicates cytomegalovirus; CR1, first complete remission; CR2, second

complete remission; CSP, cyclosporine; Cy, cyclophosphamide; MTX, methotrexate;

and TBI, total body irradiation.
*Excludes patients in CR1 at time of transplantation.

poor response to induction therapy (1 patient). Four patients ha
multiple extramedullary relapses before transplantation but did ncg
have a medullary relapse. These patients were considered twic% '.
first by using the definition of CR1 that excluded extramedullaryﬂ \

relapse and second by including extramedullary relapse in th‘:‘:’ LI‘

< 100 days = 100 days Total no. (%)
Cause of death (23 patients) (37 patients) (60 patients)
Relapse 7 22 29 (48)
Veno-occlusive disease 4 0 4 (6)
Pneumonitis 2 2 4 (6)
Infection with GVHD present
Bacterial 1 2 3(5)
Fungal 1 2 3(5)
Pneumocystis carinii 0 1 1(2)
Viral 2 1 3(5)
Infection with GVHD absent
Bacterial 0 1 1(2)
Fungal 2 0 23
Viral 1 0 1(2)
Graft failure 2 0 2(3)
GVHD 0 2 2(3)
Pulmonary hemorrhage 1 0 1(2)
Astrocytoma 0 3 3(5)
Bronchiolitis obliterans pneumonia 0 1 1(2)

Values are numbers (%) of patients unless otherwise indicated.
GVHD indicates graft-versus-host disease.

transplantation, and 10 patients received local radiation as a boost
immediately before TBI.

LFS, relapse, and NRD

Twenty-eight patients (31%) were alive 1 to 10 years after
transplantation. Sixty patients died, 29 of relapse and 31 of causes
other than relapse (Table 2). Kaplan-Meier estimates of LFS at 3
years according to phase of disease at transplantation were 70%,
46%, 20%, and 9%, respectively, for patients with CR1, CR2, CR3,
and relapse (Figure 1). There was no appreciable difference when
extramedullary relapses were considered relapse events (3-year
LFS rates were 67%, 47%, 20%, and 9%, respectiekg .0001).

In the multivariate model, disease phase was significantly associ-
ated with the risk of death or relaps® € .0001; Table 3).
Multivariate analysis showed that age, immunophenotype, and
duration of CR1 were significantly associated with the risk of death
or relapse (Table 3). T-cell and null-cell immunophenotype were
associated separately with a lower risk of relapse and therefore
were grouped together for comparison with pre-B cell immunophe-
notype in the multivariate analysis. Favorable factors include age
less than 10 years, CR1 duration of more than 24 months, and T-cell
or null-cell immunophenotype. Patients with CR2 who were

100

ia Free

so-s_ CR 1 (n=10)
l ,
I

CR 2 (n=34)
& =i

I
2 CR 3 (n=10)

definition of CR1. In this group, each patient had a first central® 5o — % ___~_"_ e Sy

nervous system (CNS) relapse within 24 months of diagnosis@
followed by both a CNS and a testicular relapse in 2 patients and
CNS relapse that persisted despite systemic and local reinductic

—

0 2 4 6 8 10

therapy in 1 patient. Among all patients, 40 had pretransplantatiol

EMD that involved the CNS (27 patients), testes (9 patients), CNS

Years from Transplantation

and testes (3 patients), and CNS and skin (1 patient). prophy|a(ﬁ'R§|re 1. Kaplan-Meier estimates of LFS in 88 patients with ALL according to

cranial irradiation or radiation therapy to the site of EMD Wa§

hase of disease at transplantation.  Phase of disease was defined by the number
f medullary relapses. Significance was determined by log rank test. Censored

given to 30 patients as part of initial or reinduction therapy befoggtients are indicated by hatch marks.
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Table 3. Results of multivariable regression analysis

Leukemia-free survival Relapse Nonrelapse mortality
Variable RR 95% ClI P RR 95% CI P RR 95% CI P
Phase of disease* < .0001 < .0001 .006
CR1 (n = 10) 0.08 0.02-0.29 0.01 0.00-0.09 0.26 0.05-1.41
CR2 (n = 34) 0.32 0.16-0.67 0.13 0.04-0.41 0.17 0.05-0.51
CR3 (n = 10) 0.59 0.23-1.54 0.61 0.12-3.20 0.36 0.10-1.29
Relapse (n = 34) 1.0 1.0 1.0
Age at transplantation .003 48 < .0001
10y or older (n = 34) 2.59 1.38-4.85 0.71 0.27-1.86 11.7 3.86-35.6
Younger than 10y (n = 54) 1.0 1.0
Duration of CR1t .005 .002 .20
More than 24 months (n = 47) 0.41 0.23-0.76 0.23 0.09-0.59 0.51 0.19-1.40
No more 24 months (n = 41) 1.0 1.0 1.0
Phenotype .005 .93 <.0001
Tornullcell (n = 13) 0.29 0.11-0.76 1.05 0.36-3.08 0.0 NE
Pre-B cell (n = 75) 1.0 1.0 1.0
Cytogenetic findings .35 .03 .59
Hyperdiploidy (n = 19) 1.34 0.57-3.13 8.49 0.95-75.6 1.02 0.34-3.06
Poor risk (n = 14) 2.55 0.83-7.86 9.89 0.99-98.8 3.26 0.52-20.5
Other abnormal (n = 29) 2.29 0.95-5.51 12.7 1.52-106 0.75 0.19-2.92
Unknown (n = 9) 1.23 0.39-3.93 2.15 0.12-39.3 0.86 0.21-3.56
Normal (n = 17) 1.0 1.0
Year of transplantation .20 .02 .99
After 1992 (n = 44) 151 0.81-2.79 3.64 1.26-10.5 1.00 0.41-2.43
1992 or before (n = 44) 1.0 1.0 1.0
Donor-recipient HLA .25 .20 .004
Mismatch (n = 32) 1.45 0.78-2.72 0.52 0.18-1.49 3.92 1.53-10.1
Match (n = 56) 1.0 1.0 1.0
Donor-recipient sex 17 .58 .04
Mismatch (n = 43) 0.68 0.40-1.18 0.79 0.34-1.82 0.39 0.15-1.00
Match (n = 45) 1.0 1.0 1.0

RR indicates relative risk; Cl, confidence interval; CR1, first complete remission; CR2, second complete remission; CR3, third complete remission; and NE, no estimate.
*With inclusion of extramedullary relapse in the definition of CR1: EFS, P < .0001,; relapse, P < .0001; and NRMP, P = .006.
TWith inclusion of extramedullary relapse in the definition of CR1: EFS, P = .01; relapse, P = .009; and NRMP, P = .21.

younger than 10 years at transplantation had a 3-year LFS of 6166.high-dose combination chemotherapy as part of the initial or
Among patients with relapse at transplantation, there was nelapse regimen) before transplantation.
significant association between percentage of marrow blasts orThirty-one patients died of causes other than relapse (Table 2).
presence of circulating blasts and the risk of death or relapse.  Eighteen patients (60%) were receiving treatment for GVHD at the
Recurrent leukemia occurred in 31 patients. Relapse rat@®se of death, including 10 of 14 patients who died from infection.
according to phase of disease at transplantation were 10%, 33%ree patients died of malignant astrocytoma at 4, 6, and 11 years,
20%, and 50%, respectively, for patients with CR1, CR2, CR3, améspectively, after transplantation; all had received cranial irradia-
relapse. In the multivariate models (Table 3), disease phase wias for prophylaxis or treatment for CNS leukemia during
significantly associated with the risk of relapse. There was mmnventional chemotherapy for ALL. NRD rates according to
appreciable difference when extramedullary relapses were congittase of disease at transplantation were 20%, 22%, 60%, and 41%,
ered relapse events (3-year relapse rates were 11%, 32%, 20%,ras@ectively, for patients with CR1, CR2, CR3, and relapse, and
50%, respectively;P = .0006). Additional variables associateddisease phase was significantly associated with NRD in multivari-
with relapse were duration of CR1, cytogenetic findings, and yeate models (Table 3). Additional factors associated with NRD in the
of transplantation. In the multivariate analysis, hypodiploidynultivariate model were age at transplantation, immunophenotype,
t(4;11), and t(9;22) were separately found to be associated with ldhA matching, and donor-recipient sex matching. The risk of NRD
increased risk of relapse and therefore were grouped togethervi@s greater in patients 10 years or older, patients with a donor of
comparison with hyperdiploidy, other abnormal cytogenetic findhe same sex, and patients with HLA-mismatched donors. Among
ings, and normal cytogenetic results. The multivariate analysifder patients, both organ toxicity and grades Ill to IV GVHD
showed that all groups of cytogenetic abnormalities, includingpntributed to the increase in risk of NRD (Figure 2). Only 13
hyperdiploidy, were associated with a higher risk of relapseatients had a T-cell or null-cell immunophenotype, and none died
compared with normal cytogenetic findings. Among patients withf causes other than relapse. To explain the association of sex
CR2, CR3, or relapse at transplantation, those in whom CR1 hawhtching, we examined whether sex-mismatched transplantations
lasted 24 months or less (22 patients with CR2, none with CR3, anére associated with one sex or with GVHD and whether sex was
20 with relapse) had a higher risk of relapse. Patients wlassociated with NRD or LFS, but no significant associations
underwent transplantation after 1992 had a higher risk of relapseere found.
These patients also received significantly md?e<(.0001) inten- Because previous studies of patients with acute leukemia found
sive chemotherapy (defined as at least one cycle of intensificatimm association between cell doses of at least .88 marrow
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100 age more than 10 years or less than 1 year, WBC count above
50 X 1(°/L, and the cytogenetic abnormalities t(4;11), t(9;22), and
80 hypodiploidy31-35 In contrast, age between 2 and 10 years, WBC

count below 10x 1%L, and hyperdiploid karyotype were associ
ated with a favorable prognosis. Poor response to induction
chemotherapy also was found to identify patients at high risk of
relapse. Knowledge of prognostic factors has improved the ability
to tailor modern treatment regimens, resulting in improvements in
survival and late effects.
Among patients who experience relapse, the length of CR1 was
an important prognostic factor for outcome after conventional
o 1 20 30 46 50 80 70 80 90 100 reinduction chemotherapy. A CR1 duration of longer than 24
months has been associated with a relatively good outcome, and
Days from Transplant less than 20% of patients who develop relapse within 2 years of
Figure 2. Cumulative incidence of NRD and GVHD according to patientage. A diagnosis survive when treated with conventional chemotherapy
comparison was made between patient; younggr t.h_an 10 years (solid' lines) and alone36.37 Comparisons between transplantation and conventional
patients aged 10 years or older (dotted lines). Significance was determined by log . . . .
rank test. chemotherapy are difficult because unavoidable differences in
patient populations result in selection bf8sTo address this
problem, matched-pair analyses have been done for patients with
cells’/kg and a lower risk of NRD among patients with remissiorgR2 treated with chemotherapy or HLA-identical marrow trans-
we analyzed all patients and those with remission at transplantatigants from related dono4°Particularly for patients with a short
with respect to cell dose. We found that patients with remissiqtiR1 marrow transplantation resulted in significantly better LFS at
who received at least 3.68 10° marrow cells/kg had a significant 5 years compared with chemotherapy alone.
reduction in NRD compared with those who received less than The aim of this study was to identify factors associated with
3.65X 10° marrow cells/kg (17% versus 569 = .04), but oyutcomes of URD marrow transplantation for treatment of child-
marrow cell dose was not a significant factor in the entire group. hood ALL. Although we found that phase of disease was the
strongest predictor of outcome, we also identified other factors as
important prognostic variables: age and duration of CR1 were
The median time to neutrophil engraftment after transplantati@ignificantly associated with LFS. In addition, our results suggest
was 19 days. Three patients died before day 21 without havitigat immunophenotype, cytogenetic abnormalities, and donor-
neutrophil recovery. Sustained engraftment was achieved in 84retipient HLA and sex matching also may be important variables
85 patients who survived beyond day 21. One patient with CR2far predicting risk of relapse or NRD. The most favorable results
transplantation died of graft failure 66 days after receiving marrowere in younger patients and those with less advanced disease,
from a donor mismatched for HLA-C and DRB1. The median timg/hereas only a small proportion of patients with relapse at
to platelet recovery was 21 days. Eighteen patients died before degnsplantation had long-term survival.
100, and 6 were alive on day 100 without platelet recovery. The improved survival in younger patients can be explained
entirely by the lower risk of NRD, since there were no differences
in risk of relapse among age groups. Older patients had a higher
Grades Il to IV acute GVHD occurred in 76 patients (overalncidence of both severe GVHD and regimen-related complications
incidence, 85%). In 43 patients (49%), grade Ill or IV GVHDafter transplantation. Our results suggest that HLA matching and
developed. A lower incidence of grade Ill or IV GVHD washigh cell dose might improve outcome in older patients because
significantly associated with age less than 10 years (41% verdhgse factors were associated with a reduction in NRD. The
62%: P = .05; Figure 2). There was a weak association with HLAeneficial effect of high marrow cell dose was observed in patients
match compared with HLA mismatch (43% versus 5% .10) Wwith remission, findings that are consistent with the results of a
and overall risk of grades Ill or IV GVHD. The incidence ofprevious study that included adult patients with ALL and acute
chronic GVHD could be evaluated in 62 patients who surviveanyeloid leukemig?Although HLA mismatching increased the risk
beyond day 80. Chronic extensive GVHD was observed in 2§ GVHD, there was also a trend toward a lower risk of relapse,
patients (47%), whereas limited chronic GVHD was observed insuggesting that a graft-versus-leukemia effect compensated for the
(11%). No factor was found to be significantly associated with thiscrease in NRD. Because HLA matching was defined by different
risk of chronic extensive GVHD, including donor-recipient HLAmethods of typing in use during the years in which this study was
match P = .23). Among the 28 long-term survivors, the mediagonducted, the HLA-matched group likely included patient-donor
duration of immunosuppressive therapy was 1 year. Ten patieprs with undetected allele mismatches at the class | or DQB1
received immunosuppressive therapy for less than 1 year afie¢i.*! Thus, while this study indicates that a mismatch for one
transplantation, 10 patients for 1 year, and 8 patients for longer thdhA-A, HLA-B, or DRB1 antigen does not affect outcome, the
1year (median, 2 years; range, 1.55® years). true effect of HLA matching may have been masked.
In some studies, factors such as age, WBC count, immunophe-
notype, cytogenetic abnormalities, and duration of CR1 were
Discussion previously found to correlate with outcome after transplantation of
marrow from HLA-identical siblingg8-40-42-44The few studies that
An important advance in the treatment of ALL is identification ofvaluated prognostic factors in patients with ALL who had URDs
factors associated with a favorable or an unfavorable prognogigd insufficient numbers of patients or included adi®¥#$:#6The
Unfavorable prognostic factors at initial diagnosis were found to leirrent study represents the largest single-institution experience so

Percent
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far of a standard URD transplantation regimen for children witBecause younger patients have a lower risk of NRD, efforts should
ALL. Our results indicate that remission duration is significantlype focused upon reducing the risk of relapse, which includes
associated with LFS, in the same way that it is a predictor afansplantation at earlier phases of ALL. For those with a short CR1
survival after chemotherapy given to treat a first relai3$8The and consequent high risk of disease progression, a donor with a
improvement in LFS in patients with a longer CR1 is explained bsingle HLA disparity should be considered if the alternative would
their lower risk of relapse after transplantation, a result consisténtolve a considerable delay to allow additional donor HLA
with the idea that shorter remission is a marker for increasesisting. We found no apparent reduction in LFS in recipients of
disease aggression. Our results also suggest that T or null cell Aldarrow from a donor mismatched for a single HLA-A, HLA-B, or
may constitute a favorable risk group, however this observati@RB1 allele.
must be tested in a group that includes more patients with theseln contrast, older patients have a greater risk of GVHD and
immunophenotypes. NRD. T-cell depletion has been used effectively to decrease the
We found that patients who underwent transplantation aftgrcidence of GVHD; however, comparative analyses of T-cell-
1992 had worse outcomes than those treated earlier. Althougdpleted grafts and unmanipulated grafts found no improvement in
supportive care practices have improved over time, patients treageglvival?’ Alternative efforts to minimize GVHD and improve
more recently also have received more intensive therapies befpfs in older patients might include the use of DNA-based HLA
transplantation. Thus, as improved chemotherapy regimens bging to optimize donor selection. Use of donors matched at the
come more successful in curing patients, those who develop relapfiele level for HLA-A, HLA-B, HLA-C, DRB1, and DQB1 was
may have disease more resistant to treatment with both chemghown to improve results in patients with chronic myelogenous
therapy and marrow transplantation, and assessment of prognojgitkemia?! although the importance of allele-level matching in
factors will become more important in predicting outcome aftgsatients with acute leukemia has not been ascertained. Molecular
either type of therapy. HLA matching, however, will not be relevant for patients who have
One concern regarding implementation of our findings may hignited donor options. Of broader applicability are strategies to
the degree to which the donor-identification process may hakferease cell dose through the use of peripheral blood (PB) stem
resulted in inclusion of patients with more durable remissiongells48 Our finding of a favorable effect of cell dose on NRD is
thereby producing selection bias. To determine whether selecti@ipported by results of previous studies including larger numbers
bias affected the current study, we compared the study group wigholder patient$®5°Thus far, studies of URD PB stem cells have
concurrently treated recipients of HLA-matched sibling grafts ifound that the risk of acute or chronic GVHD is similar to that with
our institution. We found no significant differences in duration ofarrow grafts'® These results, together with findings of improved
CR1 or time from diagnosis to transplantation arguing against biggs after transplantation of PB stem cells from matched related
in selection of patients for URD marrow transplantation. Howevegonors, support further study of PB stem cell products for use in
because we cannot exclude selection bias with respect to patiedjtfer patients?
treated according to chemotherapy regimens, our results should not
be used for comparison purposes; rather, they are intended to
improve understanding of risk factors associated with outcome
after URD transplantation. Acknowledgments
Information about prognostic factors provided by the current
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