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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Factors Associated With Outcome After Cord Blood Transplantation
in Children With Acute Leukemia

By Franco Locatelli, Vanderson Rocha, Claude Chastang,t William Arcese, Gerard Michel, Manoel Abecasis,
Chiara Messina, Juan Ortega, Isabel Badell-Serra, Emanuel Plouvier, Gerard Souillet, Jean-Pierre Jouet,
Ricardo Pasquini, Euripedes Ferreira, Federico Garnier, and Eliane Gluckman
on behalf of Eurocord-Cord Blood Transplant Group

We have analyzed factors influencing the outcome of 102
children with acute leukemia given a cord blood transplanta-
tion (CBT) and reported to the Eurocord Registry. Seventy
patients with acute lymphoblastic and 32 with acute myeloid
leukemia were given either a related (n = 42) or an unrelated
(n = 60) CBT. Children given CBT during first or second
complete remission were considered as belonging to the
good-risk group (n = 66), whereas those who received a
transplant in a more advanced stage of disease were as-
signed to the poor-risk group (n = 36). In the related group
(RCBT), 12 of 42 patients received transplantation from an
HLA-disparate donor, whereas in the unrelated group (UCBT)
54 of 60 received an HLA mismatched CBT. Kaplan-Meier
estimates for neutrophil recovery at day 60 were 84% =+ 7%
in RCBT and 79 * 6% in UCBT (P = .16). In multivariate
analysis, the most important factor influencing neutrophil
engraftment in UCBT was a nucleated cell dose infused
greater than 3.7 x 107/kg (P = .05, relative risk [RR] of 1.85,
95% confidence interval [CI]: 0.98-3.4). The incidence of grade

Il through IV acute graft-versus-host disease was 41% * 8%
in the RCBT group and 37% = 6% in the UCBT group
(P = .59). Kaplan-Meier estimates of 2-year event-free sur-
vival (EFS) after RCBT or UCBT were 39% = 8% and 30% =+
7%, respectively (P = .19). In multivariate analysis, the most
important factor influencing EFS was disease status at time
of transplantation: good-risk patients had a 2-year EFS of
49% = 7% as compared to 8% + 5% in patients with more
advanced disease (P = .0003, RR: 0.40, 95% CI: 0.24 to 0.65).
This was a consequence of both an increased 1-year trans-
plant related mortality and a higher 2-year relapse rate in the
poor-risk group (65% = 9% and 77% * 14%, respectively), as
compared with good risk patients (34% = 6% and 31% = 9%,
respectively). These data confirm that allogeneic CBT from
either a related or an unrelated donor is a feasible procedure
able to cure a significant proportion of children with acute
leukemia, especially if transplanted in a favorable phase of
disease.

© 1999 by The American Society of Hematology.

VER THE PAST decade, allogeneic cord blood transplan-identifying suitable unrelated donotdn children with acute
tation (CBT) from both related and unrelated donors hasleukemia, peculiar advantages of CBT from unrelated individu-
been used increasingly for the treatment of pediatric patientsls are both a prompt availability of cryopreserved hematopoi-
with malignant disorders? In particular, the creation of cord etic stem cells and less stringent requirements of HLA-identity
blood banks worldwide has greatly facilitated the possibility of between donor and recipient because of the low risk of
graft-versus-host disease (GVHD) observed after €BT.
However, the reported low incidence of GVHD after CBT
From the Clinica Pediatrica, IRCCS Policlinico San Matteo, Univer- might also be a major drawback in leukemic patients. In fact,
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Ped|a‘tr|ca € F:entro delle Leucemie Ir.]fént'"’ P_adova, Italy; HQSp'taI activity associated with GVHD could represent a theoretical
Infantil Vall d’Hebron, Barcelona, Spain; Hospital Santa Creu i Sant . . . .
concern in leukemic subjects given CBT.
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tDeceased. analyzing the outcome of children with hematological malignan-
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The publication costs of this article were defrayed in part by page

charge payment. This article must therefore be hereby mdikeder- PATIENTS AND METHODS

tisement”in accordance with 18 U.S.C. section 1734 solely to indicate  Between April 1990 and December 1997, 102 children (58 boys and

this fact. 44 girls) with acute leukemia were given an allogeneic CBT from either
© 1999 by The American Society of Hematology. a relative (42 patients) or an unrelated donor (60 patients), and were
0006-4971/99/9311-0022$3.00/0 reported to the Eurocord Registry. Information on these patients was
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collected through a form recording data addressing questions about thdable 1. Patients’ Characteristics According to Status at Transplant
disease, the origin of cord blood, the number of cells collected and

infused, HLA typing, and transplant outcome. Transplants were per- Tﬁ,"ii’;k Good Risk
formed in 41 different centers, which reported from 1 to 12 cases (see (=3CR, (N = 66)
Appendix). Centers reported on the outcome of transplantation and any Characteristics ’i?r’;ifoi;;‘ an(dl ;ER) e
complication 3 months after CBT and then at periodic (ie, between 3
and 6 months) intervals during follow-up. Median age (yr)
Seventy children had acute lymphoblastic leukemia (ALL) and 32 (range) 6.3(0.3-14) 5.0 (0.5-15) .08
had acute myeloid leukemia (AML). Median time interval between Median weight (kg)
diagnosis and CBT was 19 months (range, 2.5 to 106 months). Because  (range) 21 (4.4-83) 19 (6.5-67) .16
in patients with acute leukemia, disease phase has been reported to be <20/=20 14/22 35/31
the main factor influencing transplant outcofrié,children receiving Gender (male/female) 23/13 35/31 .30
transplantation during a first or second complete remission (CR) were Type of donor
considered as belonging to the good risk group=(66). By contrast, Related 18 24 21
patients in third or subsequent remission, relapse, or partial remission or Unrelated 18 42 .38
with refractory leukemia at time of CBT, were considered in advanced ALL/AML 27/9t 43/23%
phase and belonging to the poor risk group<136). Further details on Disease status at
pretransplant characteristics of patients belonging to the good and poor  transplant
risk groups are reported in Table 1. First CR — 18 <.001
Karyotype analysis at diagnosis was available in 84 of the 102 chil-  Second CR — 48
dren. Thirty-two patients had a normal karyotype, whereas clonal abnor- =Third CR 15 —
malities were present in the remaining 52 patients. For the purpose of Firstrelapse 4 —
this study, ALL patients with hyperdiploid karyotype and AML patients Second relapse 10 —
with inversion of chromosome 16, translocation 8;21 and 15;17, were  Partial response 3 —
classified as having good prognosis (12 cases). Chromosomal abnormali- Refractory to
ties classified as poor prognosis features (28 cases) included ALL with chemotherapy 4
translocation 9;22 and 4;11, as well as AML with monosomy of Cytogenetics .65
chromosomes 5, 7, anomalies of 11q, or translocation 6;9. Patients with Unfavorable 8 20
normal karyotype or other cytogenetic abnormalities, as well as those Intermediate§ 23 39
with unavailable cytogenetic data, were assigned to an intermediate-risk Favorable 5 7
category (62 cases, Table 1). Notably, eight patients given a related andFirst relapse
eight patients given an unrelated CBT had previously received an On therapy 20 27 65
autologous bone marrow transplantation (BMT). Moreover, two chil-  Off therapy 12 21
dren who had been treated with an allogeneic BMT from an unrelated Median d from diag-
volunteer and had relapsed were given an unrelated CBT. nosis to first
Table 2 shows characteristics of patients according to the type of relapse 506 (105-1,631) 472 (42-1,725) .80
donor (related or unrelated). Median age at transplantation of the overall Median d from last
cohort was 5.5 years (range, 0.3 to 15), whereas median body weight  CR to transplant]| 62 (0-366) 93 (18-442) .08
was 20 kg (range 4.4 to 83). Cord blood units for unrelated transplants Previous autologous/
were provided by the New York (23 cases), Milan (18 cases), allogeneic trans-
Dusseldorf (15 cases), Paris (2 cases), and Brussels (2 cases) banks, plants 11/2 5/0 <.001
whereas in the majority of related CBT, cord blood was collected by

*Fisher’s test was used for categorical variables and Kruskal-Wallis
local banks. . . . Test for noncategorical variables.

The methods of collecting, cryopreserving, and storing cord blood One patient with AML associated to Down syndrome
varied among centers. Usually, cord blood progenitors were thawed and One patient with AML associated to Down Syndrome and another
Washed following the procedure _descrlbed by Rublnstelr_l &t Hhe with congenital AML.
median number of collected and infused nucleated cells is reported in §including normal and not available cytogenetics.
Table 2. The median number of CD34ells infused was 1.8% 10°/kg
(range, 0.1 to 7& 10°/kg). However, because the number of CD34

cells infused was available in only 52 cases and the method of countingionor was HLA-identical to the recipient in only 6 cases (see Table 2 for
these cells varied according to the centers, this variable was nofyrther details).

included in the analysis. In patients transplanted from a family donor, GVHD prophylaxis
- . mainly consisted of cyclosporine (CsA) alone (20 cases) or of the
HLA Compatibility and GVHD Prophylaxis comb)i/nation of CsA azd mzthotref(ate 213 case(s), this Iazter scheme
HLA class | antigen serological typing of recipients and cord blood being used especially when the donor was HLA-disparate. By contrast,
units was performed by standard NIH microlymphocytotoxicity, whereasin the 60 children given an unrelated CBT the most commonly used
low-resolution generic oligotyping was used for the DRB1 antigens inGVHD prophylaxis was the combination of CsA and steroids (41
all donor/recipient pairs. High-resolution molecular typing of HLA- cases). Further details on GVHD prophylaxis are reported in Table 2.
class Il DRB1 was available for all children given CBT from an Established GVHD was usually treated with steroids, according to each
unrelated donor. Accuracy of the data was confirmed for each sample bgenter policy.
the HLA typing laboratories including the confirmatory typing of donor
and recipient pairs before transplant. Thirty of the 42 patients given
related CBT were transplanted from an HLA-identical sibling, wherea:
in the remaining 12 cases, there was a disparity for one or more Conditioning regimen varied according to the center policy, type of
HLA-antigens (Table 2). In the 60 patients given an unrelated CBT, theleukemia, previous treatments, and disease status at time of transplanta-

|[Only for patients in CR at time of transplant.

Preparative Regimen, Cytomegalovirus Serology, and
?ost-TranspIant Use of Hematopoietic Growth Factors
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Table 2. Patients’ Characteristics According to the Cord Blood Donor

Related Unrelated
Characteristics (N = 42) (N = 60) Pt
Median age (yr) range 5.5 (1.7-14) 5.5 (0.2-15)
<6/=6 24/18 36/24 .64
Median weight (kg)
range 19.5 (10-46) 20.0 (4.4-83)
<20/=20 21/21 28/32 .63
Gender
Male 25 33 .70
Female 17 27
Diagnosis and status
ALL 30 40 .67
Poor risk 15 12
Good risk 15 28 .14
AML 12 20
Poor risk 3 6
Good risk 9 14 1.0
CMV serology
Negative 20 25 .69
Positive 22 34
ABO compatibility
Matched 31 27 .005
Mismatched 11 33
HLA disparities*
Identical 30 6 .0006
1 difference 1 27
2 differences 3 22
3 differences 7 4
4 differences 1 1
Median no. of nucle-
ated cells col-
lected (107)/kg of
recipient (range) 4.0 (1.0-12.2) 5.0 (1.5-46.5) .04
Median no. of nucle-
ated cells infused
(107)/kg of
recipient (range) 3.2 (0.7-10) 4.4 (0.9-36) .30
Conditioning
TBI-containing
regimens 22 34 .69
Chemotherapy-
based regimens 20 26
ALG/ATG or mono-
clonal antibody 10 50 <.0001
GVHD prophylaxis
CsA 20 5 <.0001
CsA + steroid 3 41
CsA + MTX 13 5
CsA + MTX
+ steroid 2 3
CsA = steroid
+ ATG/ALG or
Mab 4 4
FK506 + MTX — 2

*HLA disparities were defined by using serological and low resolu-
tion typing for A, B locus, and DRBL1 in related CBT and high resolution

DRBL1 typing for unrelated CBT.

tFisher’s test was used for categorical variables and Kruskal-Wallis

test for noncategorical variables.
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tion. Details on the preparative regimens, as well as on the use of
anti—-T-lymphocytes polyclonal or monoclonal antibodies are reported
in Table 2.

Cytomegalovirus serological status was studied before transplanta-
tion in all children but one. In detail, 20 of the 42 related CBT recipients
studied were seronegative, as well as 25 of the 59 patients given an
unrelated transplant.

Supportive therapy, as well as prophylaxis and treatment of infec-
tions, varied among centers.

Recombinant human granulocyte colony-stimulating factor or recom-
binant human granulocyte-macrophage colony-stimulating factor was
given to 28 of the 42 patients receiving a related CBT and to 48 of the 60
children transplanted from an unrelated donor. In 50 of the 76 patients
receiving hematopoietic growth factors, drug inception started in the
first week after transplantation.

Endpoints

Engraftment. Hematopoietic and lymphoid engraftment was docu-
mented by chromosome analysis of marrow cells and peripheral blood
lymphocytes, red blood cell antigen phenotyping, and by study of
genetic polymorphism of variable number of tandemly repeated short
DNA sequences. White blood cell (WBC) engraftment was defined as
the first of 3 consecutive days when the absolute neutrophil count was
=0.5 X 10%L with evidence of donor hematopoiesis, and platelet
engraftment as the time to reach a sustained platelet co2@t< 10°/L
in the absence of platelet transfusions for 7 consecutive days. Patients in
whom no engraftment occurred were censored if the patient died before
day 60. Patients receiving a second transplant for nonengraftment were
censored at the time of the second transplant. Neutrophil recovery that
occurred after day 60 was considered as nonengraftment.

Acute and chronic GVHD. Children were considered at risk,
starting on day 1, for the occurrence of acute GVHD, whereas only
those with sustained engraftment of donor hematopoiesis and surviving
for more than 100 days after transplant were evaluated for the
development of chronic GVHD. Acute and chronic GVHD were
evaluated according to previously described crit&#.Grades= Il
were counted as acute GVHD.

Relapse. Relapse was indicated by morphological evidence of
leukemia in bone marrow, cerebrospinal fluid or peripheral blood or by
cytogenetic recurrence of a neoplastic clone and it was considered as
time interval between CBT and relapse, with censoring at death in
complete remission.

Transplant-related mortality (TRM).TRM was defined as all
causes of nonleukemic deaths before 1 year after transplant.

Overall survival. Overall survival was the time between transplan-
tation and death due to any cause.

Event-free survival (EFS).EFS was defined as time interval from
CBT to first event (either relapse or death in complete remission).

Data Analysis and Presentation

Results of the study were analyzed as of February 1, 1998. The
median duration of follow-up was 34 months for children transplanted
from a family-donor (range, 3 to 92) and 14 months for patients given an
unrelated CBT (range, 2 to 43). No patients were lost to follow-up on
February 1, 1998, the day at which all centers verified data on transplant
characteristics and patient outcome.

Differences were compared using the Fisher test for categorical and
Kruskal-Wallis test for continuous variables. Overall survival, relapse,
EFS, and other related curves after CBT (starting point interval) were
evaluated by Kaplan-Meier product limit method and compared using
log-rank test. All variables found to havePavalue of less than .5 by
log-rank test were included as binary covariates in a Cox proportional-
hazards model, with the use of a backward procedure with a type | error
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of 0.05. Relative risks (RR) for the association between covariates andespectivelyP = .16). The median time to neutrophil recovery
events were estimated from the Cox’s model. SAS software (SASfor related and unrelated CBT recipients were 27 (range, 14 to
Institute, Cary NC) was used. 49) and 33 days (range, 12 to 56), respectively. In univariate
RESULTS analysis, the main factors favorably affecting myeloid recovery
in children transplanted from a family donor were an age
younger than 6 year®(= .04), a body weight lower than 20 kg
Gratft failure occurred in 6 (16%) and 14 (22%) patients given (P = .006), a non-methotrexate containing GVHD prophylaxis
related or unrelated CBT, respectively. In detail, 9 patients(P = .03), and a favorable disease phase at time of CBT
received a second transplant for persisting cytopenia, 5 did nofP = .05). In patients transplanted from an unrelated donor, a
have neutrophil recovery on day60, 2 experienced autologous number of cells infused greater than X7107/kg was the only
hematopoietic reconstitution, and 4 experienced regrowth ofactor predicting for a higher probability of myeloid engraft-
leukemia cells. Only two patients given an unrelated transplantment @ = .03). Hematopoietic growth factors had no observ-
had hematopoietic recovery of donor origin after dago. able effect on time to neutrophil recovery in both related and
Figure 1A shows the Kaplan-Meier estimates for neutrophilunrelated CBT recipients (data not shown). In the Cox analysis
recovery of patients transplanted either from a relative or arfor the related group, a body weight lower than 20 kg was the
unrelated donor, by day 60 after transplantation (84%9%, only factor predicting for a higher likelihood of neutrophil
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Fig 1. Kaplan-Meier estimate
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recovery P = .008, RR: 0.37, 95% confidence interval [CI]: Relapse

O,'17, .to 0.77), Whereas .in the unrelgted cohort the only Clinical or cytogenetic relapse was detected after transplanta-
significant factor influencing neutrophil engraftment was Qton in 11 and 13 recipients of related or unrelated CBT
i % — )
ggr_]ir 8c5e ”9(;(:/5%?30'79: t103 r:lucleated cells per kgp(= .05, respectively. This yielded a 2-year relapse estimate of 42% and
T 0109610 S. )- 40% for children transplanted from family or unrelated donors,
In children given CBT from a related or an unrelated donor, respectively P = .17) (Fig 1C). Table 3 shows a univariate
f/\r/l:sm:: |Zarr;rt]|n;e IT;TSC&%)D I:;tzleégog;tsof(?;rlleisngg 159 analysis of factors influencing relapse either in related or in
. g€, o Y g€, unrelated transplants. Not shown in Table 3, WBC count, blast
respectively. The probability of platelet recovery by dag80 ercentage in blood, organs involved, morphology, immunophe-
after transplantation in patients given either a related or arﬁotype at diagnosiS: and interval bétween diagn’osis and CBT
unrelated CBT 85% and 78% tively«(.19). F . . '
was oan 6, respectively{.19). From did not influence 2-year relapse rate, as well as transplant-

the Cox model, we found that the most favorable factor for . .
platelet recovery in children transplanted from a relative Wasrelated mortality (TRM) and EFS. Relapse rate was higher

age (6 years) P = .009, RR: 0.29, 95% CI: 0.11 to 0.73). In when the transplant was performed in patients with more

patients receiving an unrelated transplant, the most importan‘i‘dv'smCeOI di_sease. The _2-year probability of Ieukemia recur-
factor was a higher number of cells infusegt3.7 X 107 rence for children belonging to the poor- and good-risk group

nucleated cells per kglP(= .03, RR: 2.35, 95% Cl: 1.07 to Was 77+ 14% and 31+ 9%, respectivelyR = .01) (Fig 2A).
5.14). The impact on relapse rate of disease state at time of transplan-

tation was observed both in patients transplanted from a relative
and, even though less evident, in recipients of unrelated CBT

GVHD (see Table 3). In the overall cohort of patients transplanted

Kaplan-Meier estimate of developing grade II-IV acute beyond first CR, irrespective of the donor type, those experienc-
GVHD was comparable in patients given CBT from either aing leukemia recurrence during chemotherapy had a higher
relative or an unrelated donor (41% 37%, respectively, probability of post-transplant relapse as compared with those
P =.59) (Fig 1B). There was also no difference in the who had off-therapy pretransplant relapse (7A328%, respec-
probability of developing grade 1lI-IV acute GVHD between tively, P = .03). Children younger than 6 years of age and with
the two groups (18 23%, respectively? = .89). In the related ~ a body weight lower than 20 kg had a significantly increased
group, 10 patients had grade I, 4 grade llI, and 2 patients gradésk of relapse ® = .03), this probably reflecting more aggres-
IV. In the unrelated group 8 patients had grade 1l, 7 patientssive biological characteristics of leukemia in young children.
grade Ill and six patients grade IV. None of the factors usually associated with the prognosis of

In univariate analysis, HLA disparity between donor and leukemia, including type of leukemia, karyotype abnormalities,
recipient was significantly associated with an increased probabilWwBC at diagnosis, blasts in blood, organs involved, phenotype.
ity of developing acute GVHD among patients given CBT from French-American-British morphology, and interval between
a family donor, the estimated incidence being 26% in recipientsCR and CBT were associated with an increasing risk of
of HLA-identical cord blood and 75% in children given a post-transplant relapse (Table 3). In a Cox model for related and
mismatched transplanP(= .001). A number of cells infused unrelated transplants, the most important factors associated
lower than 3.7 107/kg was also associated with an increasedwith increasing risk of relapse were, respectively, advanced
risk of grade Il-IV acute GVHD in unrelated CBP(= .004). disease at transplar® & .03, RR: 0.25, 95% CI: 0.07 to 0.90)
In unrelated CBT, the incidence of acute GVHD was notand weightless than 20 k& (= .03, RR: 0.10, 95% CI: 0.012 to
significantly affected by the number of HLA-mismatches: the 0.77).
incidence of acute GVHD= grade Il was 4 of 6 patients It is noteworthy that 2 of the 11 patients who relapsed after
receiving an HLA identical (67%), 6 of 27 with one HLA CBT from a relative were rescued with a second BMT or donor
disparity (24%), 10 of 22 (48%) with two HLA disparities and 1 lymphocyte infusion from the same donor and are currently
of 4 (25%) patients with three HLA disparitieB & .08). alive and in remission. Seventeen patients, 9 after a related CBT

From the Cox model, in children given a related CBT, factorsand 8 after transplantation from an unrelated donor, died from
associated with acute GVHD were HLA disparity between complications of recurrent leukemia.
donor and recipientR = .0002, RR: 10.4, 95% CI: 3.02 to
36.1) and patient positive cytomegalovirus (CMV) serology .
before transplant =.01, RR: 0.21, 95% Cl: 0.06-0.74). In the >UVVal and EFS
unrelated CBT group, we could not find any variable, including The overall 1-year survival and 2-year EFS for all 102
the number of HLA disparities, which was associated with patients was 42 and 34%, respectively (Kaplan-Meier estimate).
grade II-1V acute GVHD. Figure 1E, reporting the survival distribution of patients given a

Chronic GVHD affected 2 of 25 recipients of related CBT related and an unrelated transplant, shows that the outcome in
and 3 of 25 patients given transplantation from an unrelatedecipients of CBT did not differ according to the type of donor
donor. Two-year Kaplan-Meier estimate of developing chronic(P = .26). Two-year EFS estimate of children given a related
GVHD was comparable in patients given CBT from either aand an unrelated transplantation were 39 versus 30%, respec-
relative or an unrelated donor (£28%, respectivel\p = .86). tively (P = .19).

As discussed in detail below, GVHD was the primary cause Univariate analysis of factors related to patients, leukemia
of death in seven children. and transplant, influencing EFS in both related and unrelated
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Table 3. Univariate Analyses of Factors Associated to TRM, Relapse, EFS for Related and Unrelated CBT

Related n = 42 Unrelated n = 60
1yr TRM 2 yr Relapse 2yrEFS 1yr TRM 2 yr Relapse 2yrEFS
Factors n % P % P % P n % P % P % P
Age
<2yr 2 0 .04 0 41 100 A7 14 37 .59 66 .04 24 13
2to10yr 35 31 a7 39 36 64 42 22
=10yr 5 80 0 20 10 40 0 60
Weight
<20 kg 21 15 .008 58 .04 40 .46 28 43 46 66 .006 21 .29
=20 kg 21 57 5 38 32 59 4 39
CMV
Negative 20 21 .07 29 .03 56 .02 25 47 .37 43 .95 33 .39
Positive 22 48 58 25 34 56 37 28
ABO
Matched 31 38 .63 59 .07 28 .09 27 48 .39 41 42 31 .23
Mismatched 11 28 0 72 33 56 37 29
Gender
Matched 20 22 .06 41 .75 48 13 29 49 .80 49 .54 27 77
Mismatched 21 49 37 33 29 51 31 35
Type
ALL 30 43 .14 42 .54 33 .34 40 57 .29 38 .66 28 .68
AML 12 18 39 58 20 42 45 32
Karyotype
Good 7 57 33 29 5 47 25 40
Intermediate 24 37 .33 44 .90 35 .62 38 49 .79 37 .39 34 41
Poor 11 18 35 55 17 59 56 18
Relapse
On therapy 17 27 .16 67 .10 24 72 30 55 .23 57 .16 22 .07
Off therapy 16 50 17 44 17 44 16 48
Time from diagnosis to relapse
<500d 12 25 .28 54 .94 36 40 29 54 .99 36 91 30 .98
=500d 21 46 39 32 18 51 40 31
Disease status
Poor risk 18 58 .04 71 .02 11 .001 18 71 .07 75 22 7 .02
Good risk 24 21 26 65 42 43 31 40
Time from last CR to CBT
<92d 11 36 .79 0 .18 64 .49 29 56 74 36 .69 28 .53
=92d 12 32 49 53 19 47 17 44
HLA*
Identical 30 21 45 48 6 50 50 25
1 difference 1 100 .01 0 .43 0 .005 27 34 .07 29 .81 49 .19
2 differences 3 33 0 67 22 76 44 14
3 differences 7 82 100 0 4 25 100 25
4 differences 1 100 0 0 1 0 0 100
Cell dose
<3.7 X 107/kg 23 51 .03 15 .04 39 .60 25 62 21 14 24 33 .78
=3.7 X 107/kg 19 16 72 39 35 44 54 28

*HLA low resolution typing for related transplants and high resolution typing for unrelated transplants.

group is listed on Table 3. EFS was not significantly differentoutcome, since only 2 of 12 recipients of HLA-disparate cord
for patients with ALL versus AML P = .44), as well as for blood were alive as compared with 17 of 30 patients given
children with favorable, intermediate, or unfavorable cytoge-transplantation from an HLA-identical siblin® & .01). In the
netic characteristicd(= .93). Irrespective of whether the cord 42 patients who received cord blood from a family donor,
blood was from a relative or an unrelated donor, the mostrecipient negative CMV serology was associated with a better
important factor influencing survival was disease state at timeEFS probability P = .02). In unrelated CBT neither number of
of transplantation. In fact, among all 102 children, thoseHLA differences nor CMV were predictors of EFS (Table 3).
belonging to the good risk group had a significantly better From the Cox analysis, we found that the only factor predicting
post-transplant outcome than poor-risk patients, 2-year Kaplanfor a better EFS was a favorable disease phase at time of
Meier estimate of EFS for these groups being 49% and 8%transplantation in related’(= .002, RR 0.28, 95% CI: 0.12 to
respectively P =.0002) (Fig 2B). In related CBT, HLA- 0.63) and unrelated groupB & .02, RR: 0.47, 95% CI: 0.24 to
disparity between donor and recipient was a predictor of pooi0.90).
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significant proportion of children with acute leukemia, espe-

events . . . .
— poor risk 3nﬁ 10 cially if transplanted in a favorable phase of the disease. In fact,
........ goodrisk 66 14 as a result of lower risk of leukemia relapse and transplant-

p (logrank) = 0.01 their disease had a better probability of leukemia-free survival

in comparison with those transplanted in more advanced disease
(49%yvV 8%, respectively).

Concerns raised about the possibility of an increased risk of
prh leukemia recurrence in CBT recipients derived from the follow-
"""""""""""""""""""" ing considerations: (1) there is a close association of GVL with

GVHD in allograft recipients, such that patients developing
months either acute or chronic GVHD experience a much lower risk of

I related mortality, children given CBT early during the course of

M ow r e N o

Y

18 relaps€! (2) the incidence and severity of both acute and
B 11 chronic GVHD appeared to be less after transplantation of cord
) n eV;{ltS blood progenitors than after marrow transplantdtiprand (3)
. gggfirrlisslf( gg 35 immaturity of infused cord blood lymphocy#és8could further
impair the immune-mediated antileukemia effect. Other theoreti-
p (logrank) = 0.0002 cally opposing clinical considerations can be made on the risk

of leukemia relapse after CBT. In fact, the prompt availability of
placental blood may permit transplants to be given to childrenin
a more favorable disease state, and the greater tolerable

HLA-disparity between donor and recipient in unrelated CBT

could be associated with a greater GVL effect. However, for
patients given an unrelated CBT, the most widely used regimens

34 months of GVHD prophylaxis are those based on the combination of

CsA with either low- or high-dose steroids, and this latter

Fig2. Influence of leukemia status at transplant on RR (A) and EFS combination in particular can unfavorably affect lymphocyte

(B). (A) Kaplan-Meyer estimate of leukemia relapse according to function, thus impairing GVL effect in CBT recipients. Even

disease status at transplant. (B) Kaplan-Meyer estimate of EFS though aformaL well-matched Comparison between the re|apse
according to disease status at transplant. rate of our patients and that observed after marrow transplanta-
tion from related or unrelated donor was not performed, the

TRM and Causes of Death outcome of our good-risk children is comparable with those

Forty-two patients died from transplant-related causes with deported in studies on allograft of bone marrow cells from either
Kaplan-Meier estimate of 1-year TRM of 44% for the overall @ family or an unrelated donor in pediatric leukemia pa-
population. Univariate analysis of factors associated withtients**?®In particular, the 30% 2-year EFS of our overall
1-year TRM is listed in Table 3. TRM did not differ between cohort of unrelated CBT recipients was not remarkably different
children given a related and an unrelated transplant (35%
52%, P = .24, Fig 1D). Causes of death according to disease
status at transplant are reported in Table 4. The main causes of ‘ ‘
CBT-related deaths were acute GVHD, bacterial and viral relzg;’; :ﬁf;faizry) “ gg‘;‘:g';'ém
infections, and interstitial pneumonia. In univariate analysis, the Causes of Death N =36 N = 66
main factors unfavorably affecting TRM in the overall popula-

o =M w h v o N o

6 12 18

o

Table 4. Causes of Death According to Status at Transplant

tion were a number of cells infused lower than X7107/kg $§2§;Tam_re|ated causes 23 zi
(P = .02), an age older than 6 yealR € .02), a body weight Acute GVHD 2 5
greater than 20 kgR( = .02), HLA-disparity between donorand  Bacterial infection 4 2
recipient f = .01), and an advanced disease phase at time of Fungal infection

CBT (P = .009). In the Cox analysis, patients transplanted in a  Aspergillus 2 1
favorable disease phase € .01, RR: 0.46, Cl: 0.25 to 0.84)  Viralinfection

and receiving more than 3 107 nucleated cells/kgR = .04, MV 2 3
RR: 0.53, Cl: 0.28 to 0.97) had a lower probability of 1-year ';g\‘inlo‘”“f - i
TRM. However, in a Cox model for the related group, the most Toxopla);%%s?sma B 1
!mportant factor adversely affecting TRM was HLA incompat- | ..\ pheumonia 5 2
ibility (P = .01, RR: 3.67, Cl: 1.31 to 10.27). For the unrelated ,qp 2 _
group, the Cox model did not show any important factor toxicity (cardiac and MOF) 4 1
affecting TRM (Table 3). Others — 3t

DISCUSSION *One patient died in complete remission (unknown origin of cause

. ) ) _ of death) 1 year after treatment for relapse.
This study confirms that allogeneic CBT from either arelated  tcerebral hemorrhage, gastro-intestinal hemorrhage after a biopsy,

or an unrelated donor is a feasible procedure able to cure &emolytic uremic syndrome.
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from that reported in the studies by Balduzzi é¢ahd Davies that innate cell-mediated immunity probably is the most impor-
et al?® who recently analyzed the posttransplant outcome oftant mechanism for controlling the regrowth of leukemic blasts
children with acute leukemia given an unrelated, unmanipulatedn CBT recipients and that, notwithstanding a lower incidence
BMT. In the report of Balduzzi et & the disease-free survival of GVHD, patients given CBT may benefit from efficacious
and relapse of patients with ALL in first or second CR were 47%donor-derived GVL effect. The possibility of obtaining a new
and 20%, respectively, whereas the values for patients trangemission after relapse in recipients of a related CBT by means
planted in more advanced disease were 10% and 60%, respecfallogeneic BMT or leukocyte infusion from the same donor is
tively. In the study of the Minneapolis grodpthe 2-year EFS  of particular interest. In this regard, it must be emphasized that
was 30% and 33% for patients with ALL and AML, respec- the GVL effect associated with donor leukocyte infusion has the
tively. Notably, the incidence of chronic GVHD in our popula- greatest efficacy in conditions characterized by a limited tumor
tion was significantly lower than that (on the order of 50% to burden, as proved by studies on patients with chronic leukemia,
60%) documented in the above mentioned studies on pediatriwhere better responses are obtained for cytogenetic relapse or
recipients of unrelated BMFP23 and this is of particular hematological relapse in chronic phase as compared with
relevance considering the detrimental impact that can have thigecurrence in accelerated phase or blastic c#sisThus, it is
complication in a growing organism. A recently published rational to hypothesize that in patients given CBT from a
single center study comparing matched sibling and unrelatedelative, posttransplant infusion of donor cells, collected with
donor T-cell-depleted BMT in children with leukemia showed a only minor discomfort to the donor, should be considered when
remarkably better 2-year disease-free survival, which was 81%lose monitoring with sensitive molecular tools documents
in HLA identical sibling and 73% in unrelated BMT for regrowth of malignant cells or reappearance of recipient
standard-risk patients and 31% and 32%, respectively, fohematopoiesis.
high-risk patient2% The risk of relapse at 2 years was 17% in  HLA-disparity predicted for the occurrence of A-GVHD in
HLA-matched and 29% in unrelated BMT. This improvement our limited number of patients who received transplant from a
can be due to a center effect or to better patient selectionielative, whereas this association was not observed when the
advances in HLA typing, T-cell depletion, and antiviral prophy- donor was an unrelated individual. The lack of correlation
laxis. It remains to be shown by a case control study that cordbetween GVHD occurrence and donor/recipient HLA diversity
blood transplant gives similar results to matched related orfor children given an unrelated CBT could be explained by the
unrelated BMT. fact that some mismatch for HLA-class | antigens may have
In contrast to other studies on outcome of HLA identical been undetected by conventional serological typing. Using
sibling BMT for ALL, we did not find any influence of leukemia molecular techniques for HLA-class | typing, it is possible that
risk factors, including tumor burden at diagnosis, karyotypethe same correlation found in children who received transplant
abnormalities, and immunophenotype on reldggéThe in- from relatives could be observed. This hypothesis is supported
creased probability of leukemia recurrence that we observed iy two reports recently published, documenting the relevance of
patients given CBT later in the course of the disease is noHLA-class | disparity for acute GVHD occurrence in unrelated
surprising given that disease status has been reported to be tBMT recipients”-38Moreover, it should be considered that also
most important factor influencing the risk of relapse, irrespec-in the New York Cord Blood Bank experience, the frequency of
tive of the source of progenitors (bone marrow, peripheralsevere GVHD was lower in patients with six of six with HLA
blood, or cord blood) and the type of donor (HLA-compatible antigen matches than in other patients, but did not otherwise
relative, partially matched family donor, or unrelated volunteer)correlate with the number of mismatcHeBinally, we cannot
used!1022.25The higher relapse rate of patients who receivedexclude that the use of steroids for GVHD prophylaxis in
transplant in advanced disease may be the consequence of eith@rildren given an unrelated CBT has blunted the impact of HLA
a greater tumor burden or an intrinsic reduced susceptibility ofdisparity.
leukemia cells to chemoradiotherapy used during the prepara- Mortality from causes other than leukemia relapse in our
tive regimen, and to the GVL effect displayed by donor cells. Incohort was not negligible because more than one third of
this regard, it is likely that leukemia blasts, under strongchildren given a related and half of those receiving an unrelated
negative selection pressure after an allograft, may downregulat€BT died of nonrelapse causes. This finding could be explained
critical surface molecules to escape immune corffrBew data by considering the increased risk of graft failure, the delay of
have been published on the biological mechanisms of corchematological reconstitution (particularly evident for platelet
blood-related GVL effect. In particular, while several authorsrecovery) observed in a number of patients, and particularly the
have shown that cytotoxic T lymphocytes directed againstorgan toxicity associated with the intensive treatment adminis-
allogeneic leukemia blasts can be detected in the peripherdkred to patients before CBT. This latter consideration is also
blood of healthy donor&-31 no study on a cord blood T-cell—- supported by the increased risk of treatment failure observed in
specific HLA-restricted activity toward leukemia blasts has children who received transplant late during the course of their
been reported. By contrast, available evidence indicates thalisease. Moreover, because infections accounted for one third
cord blood LAK cells are able to lyse noncultured fresh of nonrelapse deaths, it can be hypothesized that the absence of
leukemia blasf& and that their activity towards cell lines such adoptive transfer of specific inmunity toward infectious agents
as Daudi and YAC-1 cells is greater than that of bone marrowdue to fetal immune immaturity and lack of previous antigenic
cells23 These findings, together with the prompt activation of exposure could have also contributed to treatment failure. It is
aspecific immunity mediated by cord blood lymphocytes to-also noteworthy that seven patients died of GVHD suggesting
ward primary antigenic challengébsupport the hypothesis that, although certainly reduced in incidence and severity,
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