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ABSTRACT

Background Umbilical-cord blood as an alternative
to bone marrow for hematopoietic stem-cell trans-
plantation may lower the risk of graft-versus-host dis-
ease (GVHD).

Methods We studied the records of 113 recipients
of cord blood from HLA-identical siblings from the
period from 1990 through 1997 and compared them
with the records of 2052 recipients of bone marrow
from HLA-identical siblings during the same period.
The study population consisted of children 15 years
of age or younger. We compared the rates of GVHD,
hematopoietic recovery, and survival using Cox pro-
portional-hazards regression to adjust for potentially
confounding factors.

Results Recipients of cord blood were younger
than recipients of bone marrow (median age, 5 years
vs. 8 years; P<0.001), weighed less (median weight,
17 kg vs. 26 kg; P<0.001), and were less likely to have
received methotrexate for prophylaxis against GVHD
(28 percent vs. 65 percent, P<0.001). Multivariate
analysis demonstrated a lower risk of acute GVHD
(relative risk, 0.41; P=0.001) and chronic GVHD (rela-
tive risk, 0.35; P=0.02) among recipients of cord-blood
transplants. As compared with recovery after bone
marrow transplantation, the likelihood of recovery of
the neutrophil count and the platelet count was sig-
nificantly lower in the first month after cord-blood
transplantation (relative risk, 0.40 [P<0.001], and rel-
ative risk, 0.20 [P<0.001], respectively). Mortality was
similar in the two groups (relative risk of death in the
recipients of cord blood, 1.15; P=0.43).

Conclusions Recipients of cord-blood transplants
from HLA-identical siblings have a lower incidence of
acute and chronic GVHD than recipients of bone mar-
row transplants from HLA-identical siblings. (N Engl
J Med 2000;342:1846-54.)
©2000, Massachusetts Medical Society.
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INCE the first successful transplantation of

hematopoietic stem cells from umbilical-cord

blood 11 years ago,! banks have been estab-

lished worldwide to supply cord blood as an
alternative to bone marrow for transplantation. Glob-
ally, about 200 transplantations of cord blood from
related donors and 1000 of cord blood from unrelat-
ed donors have been performed.2” The benefits of
cord blood for transplantation are the immediate avail-
ability of cells, the absence of risk to the donor, and
the low risk of transmitting infectious diseases. A po-
tential advantage of cord blood over bone marrow is
a lower risk of graft-versus-host disease (GVHD). The
immunologic properties of lymphocytes from cord
blood,$12 as well as experimental results!34 and clini-
cal experience,5 suggest that the risk of GVHD may
be lower after cord-blood transplantation than after
bone marrow transplantation. Because transplanta-
tion of umbilical-cord blood has not been compared
with transplantation of bone marrow after adjustment
for factors known to influence the risk of GVHD,
the issue is controversial.

Using data from two registries, we studied hemato-
poietic stem-cell transplantation in 113 children who
received cord-blood transplants from HLA-identical
siblings and 2052 children who received bone mar-
row transplants from HLA-identical siblings during
the same period. We used a multivariate Cox regres-
sion analysis to adjust for factors that could poten-
tially influence the risk of GVHD.
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METHODS
Collection of Data

Data on children who underwent cord-blood transplantation
were provided by the Eurocord—Cord Blood Transplant Group
(CBTG) and the International Bone Marrow Transplant Registry.
Data on children who underwent bone marrow transplantation
were provided by the International Bone Marrow Transplant Reg-
istry. Overlapping cases were identified, and the accuracy of the
data was verified by both registries.

Eurocord—CBTG is an international registry in Paris that op-
erates on behalf of the European Group for Blood and Marrow
Transplantation. Participation is open to European and non-Euro-
pean centers that perform cord-blood transplantation, although
most centers are in Europe. For each recipient, the registry collects,
by questionnaire, data on the reasons for transplantation, specific
characteristics of the cord-blood transplant, and outcomes. More
than 100 transplantation centers participate.¢ Participating cen-
ters report consecutive transplantations directly to the Eurocord—
CBTG registry or to the registry of the European Group for Blood
and Marrow Transplantation. Entries in both registries are checked
by Eurocord—CBTG physicians at six-month intervals to eliminate
overlap and to monitor compliance. Patients are followed longi-
tudinally, with follow-up every six months. Submitted data are re-
viewed by two physicians, and the quality of the data is ensured by
computerized checks for errors.

The International Bone Marrow Transplant Registry is a working
group of more than 300 transplantation centers worldwide that
contribute detailed data on allogeneic hematopoietic stem-cell trans-
plantations to a statistical center at the Health Policy Institute of the
Medical College of Wisconsin (in Milwaukee).!s Participating cen-
ters are required to report all transplantations consecutively; com-
pliance is monitored by on-site audits. Patients are followed longi-
tudinally, with yearly follow-up. Computerized checks for errors,
physicians’ reviews of submitted data, and on-site audits of par-
ticipating centers ensure the quality of the data.

Inclusion Criteria

Our study involved patients who received a first transplant of
allogeneic cord blood or bone marrow that had not been depleted
of T cells; who were reported to Eurocord—CBTG, the Internation-
al Bone Marrow Transplant Registry, or both; who were 15 years
of age or younger at the time of transplantation; whose donor was
an HLA-identical sibling; and who underwent transplantation be-
tween January 1, 1990, and December 31, 1997. A total of 113
recipients of a cord-blood transplant and 2052 recipients of a bone
marrow transplant at 207 transplantation centers satisfied these
criteria. At most, 60 of these transplantations have been described
previously.2516

Cord-Blood Transplantation
Patients

Table 1 shows the characteristics of the 113 children who un-
derwent cord-blood transplantation. The median age was five years,
and the median weight was 17 kg. Of the 61 of these children who
underwent transplantation because of malignant disease, 47 had
acute leukemia or chronic myelogenous leukemia. Of these, 21 per-
cent had early leukemia (in first remission or first chronic phase),
60 percent had intermediate-stage leukemia (in second or subse-
quent remission or accelerated phase), and 19 percent had advanced
leukemia (not in remission or in blast phase). The median length
of time from diagnosis to transplantation was 25 months. The me-
dian period of follow-up was 27 months (range, 3 to 85).

Transplantations

Twenty-seven patients who underwent cord-blood transplanta-
tion received total-body irradiation as part of the conditioning reg-
imen (Table 1). Prophylaxis against GVHD consisted mainly of cy-

closporine alone (58 percent) or in combination with glucocor-
ticoids or other drugs, not including methotrexate (8 percent); 28
percent also received methotrexate. Methods of collection, cryo-
preservation, and storing of cord-blood units varied among cen-
ters. The median number of nucleated cells infused was 0.47X108
per kilogram of body weight (range, <1.0X108% to 3.6X108 per
kilogram). Data on the numbers of colony-forming cells, CD3+
cells, and CD34+ cells in the graft were not available.

Bone Marrow Transplantation
Patients

Table 1 shows the characteristics of the 2052 children who re-
ceived bone marrow transplants. The median age was eight years,
and the median weight was 26 kg. Of the 1262 children who un-
derwent transplantation for malignant disease, 1081 had acute
leukemia or chronic myelogenous leukemia. Of these, 44 percent
had early leukemia, 44 percent had intermediate-stage leukemia,
and 12 percent had advanced leukemia. The median time from
diagnosis to transplantation was 10 months. The median period
of follow-up was 45 months (range, 1 to 101).

Transplantations

A total of 705 children who underwent bone marrow trans-
plantation received total-body irradiation (Table 1). Prophylaxis
against GVHD consisted mainly of cyclosporine in combination
with methotrexate, with or without glucocorticoids (65 percent).
Twenty percent received cyclosporine alone. The median num-
ber of nucleated cells infused was 3.5X108 per kilogram (range,
<1.0X108 to 41 X108 per kilogram).

End Points

Grade II, III, or IV acute GVHD was the primary end point of
our study. Acute GVHD was diagnosed and graded with the use
of standard criteria by the physicians who performed the trans-
plantations at each center!7; only patients who survived at least 21
days were evaluated. Chronic GVHD was diagnosed according to
standard criteria!8; only patients who survived at least 90 days with
sustained engraftment were evaluated.

Neutrophil recovery and platelet recovery were analyzed sepa-
rately in patients who survived for at least 21 days after transplan-
tation. Indicators of recovery were a neutrophil count of at least
500 per cubic millimeter for three consecutive days and a platelet
count of at least 20X103 per cubic millimeter that was maintained
for seven consecutive days without platelet transfusions. Data on
patients who underwent a second transplantation because of non-
engraftment were censored at the time of conditioning for the
second procedure or, if no additional conditioning was adminis-
tered, at the time of the second transplantation. For analyses of sur-
vival, data on patients were censored at the time of the last follow-
up visit.

Statistical Analysis

For both groups, we compared variables related to the transplant
recipients, the underlying diseases, and the transplantation proce-
dures, using the chi-square statistic for categorical variables and the
Mann-Whitney test for continuous variables. The probability of
survival was estimated by the Kaplan—Meier method; the log-rank
test was used for univariate comparisons. Cumulative incidence
curves were used to calculate the probability of acute GVHD,
chronic GVHD, and neutrophil and platelet recovery.’ The asso-
ciations of the type of graft with outcomes were evaluated in mul-
tivariate analyses, with the use of Cox proportional-hazards regres-
sion to adjust for differences in potentially confounding variables
between the cohorts.

The variables considered were the recipient’s age, weight, and
status with respect to cytomegalovirus (determined by serologic
testing); the sex of the recipient and the donor, and the degree of
ABO matching; the type and duration of the underlying disease;

Volume 342 Number 25 1847

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2000 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

TABLE 1. CHARACTERISTICS OF THE RECIPIENTS OF CORD-BLOOD OR BONE MARROW TRANSPLANTS
FROM HLA-IDENTICAL SIBLINGS.

CHARACTERISTIC

Patient-related

Age
Median — yr
Range — yr

<10 yr — no. (%)
10-15 yr — no. (%)
Male sex — no. (%)
Weight — kg
Median
Range
Cytomegalovirus serologic status before
transplantation — no. (%)}
Negative
Positive
Disecase-related

Type of disease — no. (%)
Malignant
Nonmalignant

Diagnosis — no. (%)
Acute leukemia
Chronic myelogenous leukemia
Lymphoma
Myelodysplasia or other cancers
Aplastic anemia
Congenital disorders of hemato-

poiesist

Congenital immune deficiencies§
Othery

Corp-BLooD
TRANSPLANT
(N=113)

5
<1-15

101 (89)

12 (11)
59 (52)

17
5-46

BoNE
MarrOW
TRANSPLANT
(N=2052)

8
<1-15
1280 (62)
772 (38)
1264 (62)

26
4-109

863 (43)
1153 (57)

1262 (62)
790 (38)

991 (48)
90 (4)
48 (2)
133 (6)

290 (14)

385 (19)

54 (3)
61 (3)

P
VALUE*

<0.001
<0.001

0.46

<0.001

0.14

<0.01

CHARACTERISTIC

Donor-related

Sex of donor and recipient —
no. (%)|
Male/male
Female /female
Female /male
Male/female
Extent of ABO match — no. (%)**
Match
Minor mismatch
Major mismatch

Transplantation-related

Conditioning regimen — no. (%)t
Regimen based on total-body
irradiation
Chemotherapy
Prophylaxis against graft-versus-
host disease — no. (%)
Cyclosporine alone
Cyclosporine and glucocorticoids
Cyclosporine and other (not
methotrexate)
Cyclosporine and methotrexate
Cyclosporine, methotrexate, and
glucocorticoids
Cyclosporine, methotrexate, and
other
None
Hematopoietic growth factorstt
No
Yes
No. of nucleated cells infused —
X10-8/kg
Median
Range
Time from diagnosis to transplan-
tation — mo
Median
Range

Corp-BLoop
TRANSPLANT

(N=113)

37 (34)
29 (26)
25 (23)
19 (17)

66 (62)

13 (12)
28 (26)

27 (24)

86 (76)

64 (59)
45 (41)

0.47
<1.0-3.6

25

2-118

BoNE
MarrOW
TRANSPLANT
(N=2052)

674 (33)
371 (18)
414 (20)
585 (29)

1122 (67)

248 (15)
304 (18)

705 (34)
1345 (66)
412 (20)
282 (14)
16 (1)

1232 (60)
105 (5)

5(1)

0
1611 (79)
425 (21)

35
<1.0-41

10
<1-175

VALUE*

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

*The chi-square test was used for categorical variables; the Mann-Whitney nonparametric test was used for continuous variables.

tData were not available for 3 patients in the cord-blood group and 36 in the bone marrow group.

1The congenital disorders of hematopoiesis were unclassitied inherited abnormalities of the differentiation or function of erythrocytes (8 patients), Fan-
coni’s anemia (106), Diamond-Blackfan anemia (15), B-thalassemia major (53), a-thalassemia major (3), B*-thalassemia major (104), B°-thalassemia major
(111), hemoglobin E—pB-thalassemia major (4), hemoglobin S—g-thalassemia major (2), sickle cell anemia (13), and amegakaryocytic thrombocytopenia (1).

§The congenital immune deficiencies were unspecified immune disorders (3 patients); severe combined immunodeficiency (SCID) and absence of T and
B cells (11); SCID, absence of T cells, and normal B cells (4); reticular dysgenesis (1); bare lymphocyte syndrome (2); SCID and other deficiencies (4);
Wiskott—Aldrich syndrome (18); chronic granulomatous disease (5); Chédiak—Higashi syndrome (1); X-linked lymphoproliferative syndrome (1); leukocyte

adhesion deficiency (4); Kostmann’s syndrome (2); and unspecified SCID (3).

{Other diagnoses were unclassified inherited disorders of metabolism (6 patients), ostecopetrosis (13), other inherited metabolic disorders (1), Hurler’s
syndrome (10), Hunter’s syndrome (4), Sanfilippo’s syndrome (1), Morquio’s syndrome (1), Maroteaux—Lamy syndrome (1), Gaucher’s disease (6), met-
achromatic leukodystrophy (3), adrenoleukodystrophy (2), globoid-cell leukodystrophy (1), Niemann—Pick disease (2), histiocytic disorder (8), familial

erythrophagocytic lymphohistiocytosis (3), histiocytosis X (1), and other (2).

| Data were not available for three patients in the cord-blood group and ecight in the bone marrow group.

**Data were not available for 6 patients in the cord-blood group and 378 in the bone marrow group.

t1Data were not available for two patients in the bone marrow group.

$1Data were not available for 4 patients in the cord-blood group and 16 in the bone marrow group.
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the conditioning regimen; the type of prophylaxis against GVHD;
the use or nonuse of granulocyte colony-stimulating factor, gran-
ulocyte—macrophage colony-stimulating factor, or both to hasten
the recovery of neutrophils; and the dose of nucleated cells infused.
Only factors significantly associated with an outcome (P<<0.05)
were retained in the final models. The absence of a factor from the
final models indicates that there was no significant association with
the risk of the outcome described.

For each outcome and covariate, the assumption of proportional
hazards was tested with the use of time-dependent covariates. When
the test indicated differential effects over time (nonproportional
hazards), we constructed models in which the interval after trans-
plantation was divided into two periods, and we used the maxi-
mized partial-likelihood method to find the most appropriate break-
point.20 For these variables, we determined the relative risks for
cach of the periods. A forward stepwise method of selecting var-
iables at a significance level of less than 0.05 was used to identify
covariates other than the type of graft that were associated with
outcome. In each step, the covariate for the type of graft was in-
cluded in the model. First-order interactions between the type of
graft and significant covariates were considered. We tested the over-
all effects of covariates using Wald’s test. To determine the effects
of the transplantation center, we tested a random-effects model2?;
there was no evidence that center-related effects confounded our
previous findings. All P values are two-sided.

RESULTS

Patients

Recipients of cord-blood transplants tended to be
younger (P<<0.001) and weigh less (P<<0.001) than
recipients of bone marrow transplants (Table 1). The
proportion of patients with malignant or nonmalig-
nant diseases was similar in both groups (P=0.11).
However, the proportion of patients with acute leu-
kemia was smaller and the proportion with congenital
disorders of hematopoiesis was larger in the cord-
blood group (P<<0.01).

Transplantation

The interval between diagnosis and transplantation
was longer for recipients of cord-blood transplants
than for recipients of bone marrow transplants (P<
0.001). The cord-blood group had more pairs of fe-
male donors and female recipients and fewer pairs of
male donors and female recipients than the bone mar-
row group (P<<0.001). The cord-blood group also
had more donor—recipient pairs with major ABO mis-
matches (P<<0.001). Substantially fewer recipients of
cord-blood transplants received methotrexate for pro-
phylaxis against GVHD (P<<0.001). Hematopoietic
growth factors were used more frequently after cord-
blood transplantation (P<<0.001). Cord-blood grafts
contained almost one log fewer nucleated cells than
did the bone marrow grafts (P<<0.001).

Acute and Chronic GVHD

In the univariate analysis, which was not adjusted for
differences among patients, the cumulative incidence
of grade II, III, and IV acute GVHD was significantly
lower after cord-blood transplantation: 14 percent
(95 percent confidence interval, 8 to 22 percent), as
compared with 24 percent (95 percent confidence

interval, 22 to 26 percent) after bone marrow trans-
plantation (P=0.02) (Fig. 1A). Acute GVHD was less
severe in patients who received cord-blood trans-
plants. Among 107 cord-blood recipients who could
be evaluated (those who survived at least 21 days after
transplantation), 18 had grade I acute GVHD (17
percent), 13 had grade II acute GVHD (12 percent),
2 had grade III acute GVHD (2 percent), and none
had grade IV acute GVHD. In contrast, among 2012
bone marrow recipients who could be evaluated,
413 had grade I acute GVHD (21 percent), 314 had
grade II acute GVHD (16 percent), 111 had grade
IIT acute GVHD (6 percent), and 73 had grade IV
acute GVHD (4 percent) (P=0.004). Similar differ-
ences in severity were found when the manifestations
of GVHD in the skin, gut, and liver were analyzed
separately (data not shown).

Chronic GVHD affected 5 of 93 recipients of cord-
blood transplants who survived more than 90 days
(5 percent) and 257 of 1779 recipients of bone mar-
row transplants who survived at least 90 days (14 per-
cent). The three-year cumulative incidence of chronic
GVHD was 6 percent (95 percent confidence inter-
val, 2 to 13 percent) after cord-blood transplanta-
tion and 15 percent (95 percent confidence interval,
13 to 17 percent) after bone marrow transplantation
(P= 0.02) (Fig. 1B).

Results were similar in the multivariate analysis (Ta-
ble 2). After adjustment for relevant risk factors, the
risk of acute and chronic GVHD was significantly low-
er after cord-blood transplantation than after bone
marrow transplantation. The relative risk of grade II,
II1, or IV acute GVHD and chronic GVHD in the
cord-blood group, as compared with the bone mar-
row group, was 0.41 (95 percent confidence inter-
val, 0.24 to 0.70; P=0.001) and 0.35 (95 percent
confidence interval, 0.14 to 0.85; P=0.02), respec-
tively. Other variables associated with a lower risk of
acute GVHD were nonmalignant disease, a shorter
interval between diagnosis and transplantation, ab-
sence of a major ABO mismatch, and the use of meth-
otrexate in combination with cyclosporine for pro-
phylaxis against GVHD. Other variables associated
with a lower risk of chronic GVHD were an age of
less than 10 years, nonmalignant disease, and the use
of methotrexate in combination with cyclosporine
for prophylaxis against GVHD.

Hematopoietic Recovery

The median number of days required for the neu-
trophil count to reach at least 500 per cubic milli-
meter after cord-blood transplantation was 26, as
compared with 18 for bone marrow transplantation.
The cumulative incidence of a neutrophil count of at
least 500 per cubic millimeter 60 days after trans-
plantation was 89 percent (95 percent confidence in-
terval, 82 to 94 percent) after cord-blood transplanta-
tion and 98 percent (95 percent confidence interval,
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Figure 1. Outcomes among Recipients of a Cord-Blood Transplant from an HLA-Identical Sibling and Recipients
of a Bone Marrow Transplant from an HLA-ldentical Sibling.

The tick marks on the curves indicate censored data. Panel A shows the cumulative incidence of grade I, Ill, and
IV acute graft-versus-host disease (GVHD). Panel B shows the cumulative incidence of chronic GVHD. Panel C
shows the cumulative incidence of neutrophil recovery to more than 500 cells per cubic millimeter. Panel D
shows the Kaplan—Meier estimate of survival according to the underlying disease.

97 to 99 percent) after bone marrow transplantation
(P<<0.001) (Fig. 1C). The median time required for
the platelet count to reach at least 20X103 per cubic
millimeter was 44 days after cord-blood transplanta-
tion and 24 days after bone marrow transplantation.
The cumulative incidence of such a platelet count at
day 180 was 86 percent (95 percent confidence in-
terval, 78 to 92 percent) after cord-blood transplan-
tation and 96 percent (95 percent confidence inter-

1850 June 22, 2000

val, 94 to 97 percent) after bone marrow trans-
plantation (P<<0.001).

In the multivariate analysis, the relative risk of neu-
trophil recovery in the first month after cord-blood
transplantation as compared with bone marrow trans-
plantation was 0.40 (95 percent confidence interval,
0.32 to 0.51; P<<0.001) (Table 2). Patients who re-
ceived a cord-blood transplant had a significantly long-
er time to platelet recovery in the early period after
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nonmalignant disease
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Cord-blood transplantation, 61 35
malignant disease

789 644

1263 763

transplantation than patients who received a bone
marrow transplant (relative risk, 0.20; 95 percent con-
fidence interval, 0.13 to 0.29; P<<0.001). However,
among patients who lived 34 days after the proce-
dure and still had thrombocytopenia, the likelihood
that the platelet count would return toward normal
was similar in both groups (relative risk, 0.98; 95 per-
cent confidence interval, 0.73 to 1.32; P=0.92) (Table
2). Other factors significantly associated with delayed

Years since Transplantation

530 419 333 252
26 13 5 2
570 409 284 186
16 10 5 4

neutrophil recovery were malignant disease, female
recipient, presence of a major ABO mismatch, use of
cyclosporine and methotrexate as prophylaxis against
GVHD, and no use of post-transplantation growth
factors. Factors significantly associated with delayed
platelet recovery were malignant disease, younger age
of recipient, prophylaxis against GVHD with cyclo-
sporine and methotrexate, and the use of post-trans-

plantation growth factors.
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TABLE 2. RESULTS OF MULTIVARIATE ANALYSES IN WHICH
OuTCOMES WERE COMPARED BETWEEN RECIPIENTS OF
CORD-BLOOD TRANSPLANTS AND RECIPIENTS OF
BONE MARROW TRANSPLANTS.*

OuTCOME REeLATIVE Risk (95% CI)t P VALUE

Grade II, III, or IV acute GVHD
Chronic GVHD

0.41 (0.24-0.70) 0.001
0.35 (0.14-0.85) 0.02

Neutrophil recovery 0.40 (0.32-0.51) <0.001
Platelet recovery
<34 days after transplantation 0.20 (0.13-0.29) <0.001
>34 days after transplantation 0.98 (0.73-1.32) 0.92
Mortality 1.15 (0.81-1.65) 0.43

*CI denotes confidence interval, and GVHD graft-versus-host disease.

tThe relative risk is for transplantation with umbilical-cord blood as
compared with transplantation with bone marrow.

Overall Survival

One hundred days after transplantation, the mor-
tality rate was 14 percent (95 percent confidence in-
terval, 8 to 22 percent) in the cord-blood group and
12 percent (95 percent confidence interval, 11 to 13
percent) in the bone marrow group (P=0.36). The
three-year probability of survival was 64 percent (95
percent confidence interval, 53 to 74 percent) in the
cord-blood group and 66 percent (95 percent con-
fidence interval, 64 to 68 percent) in the bone mar-
row group (P=0.93). Among patients who received
transplants for malignant disease, the three-year sur-
vival rate was 46 percent (95 percent confidence in-
terval, 31 to 62 percent) for 61 patients given cord
blood and 55 percent (95 percent confidence inter-
val, 52 to 58 percent) for 1263 patients given bone
marrow (P=0.69) (Fig. 1D). Among patients who
underwent transplantation for nonmalignant diseas-
es, the three-year survival rate was 86 percent (95
percent confidence interval, 75 to 94 percent) for 52
given cord blood and 84 percent (95 percent confi-
dence interval, 81 to 87 percent) for 789 given bone
marrow (P=0.82) (Fig. 1D).

In the multivariate analysis, there was no significant
difference between the cord-blood group and the
bone marrow group in terms of survival after trans-
plantation (relative risk of death, 1.15; 95 percent con-
fidence interval, 0.81 to 1.65; P=0.43) (Table 2).
Covariates significantly associated with an increased
risk of death in both cohorts were an age older than
10 years, malignant disease, and seropositivity for cy-
tomegalovirus in the recipient.

Causes of Death

Thirty-one of 113 recipients of cord-blood trans-
plants (27 percent) and 648 of 2052 recipients of
bone marrow transplants (32 percent) died. Persistent
or recurrent malignant disease was the most frequent-

1852 June 22, 2000

ly reported primary cause of death in both groups
(accounting for 48 percent of deaths in the cord-blood
group and 49 percent in the bone marrow group).
In the cord-blood group, there were two deaths from
graft failure (6 percent of the deaths), seven deaths
from infection (all in the first 100 days after trans-
plantation) (23 percent), three deaths from hemor-
rhage (10 percent), and four deaths from unknown
causes (13 percent). In the bone marrow group, there
were 23 deaths from graft failure (4 percent), 72
deaths from GVHD (11 percent), 113 deaths from in-
fection (61 of which were in the first 100 days after
transplantation) (17 percent), 46 deaths from organ
failure (7 percent), 24 deaths from hemorrhage (4 per-
cent), and 54 deaths from other or unknown causes
(8 percent). Deaths related to infection from any cause
and hemorrhage were more common in the cord-
blood group, whereas deaths related to GVHD, inter-
stitial pneumonitis, and organ failure were more com-
mon in the bone marrow group (P=0.05 by Fisher’s
exact test). The numbers of relapse-related deaths
were similar in the two groups.

DISCUSSION

Several reports have suggested that cord-blood
transplantation is associated with a lower incidence
of acute and chronic GVHD than is bone marrow
transplantation.257%22 However, because the incidence
of GVHD correlates strongly with age, and because
most cord-blood transplantations are performed in
children, it is not clear whether or by how much the
incidence differs in comparable groups of recipients
of bone marrow or cord-blood transplants. Compar-
ing the risk of GVHD between recipients of cord-
blood transplants and recipients of bone marrow
transplants from unrelated donors is complicated by
differences in donor—recipient histocompatibility that
may not apply to sibling donor—recipient pairs and
by the methods used to ascertain histocompatibility.

In this registry-based study, we found that after ad-
justment for factors that influence the risk of GVHD,
the incidence of acute and chronic GVHD was lower
after cord-blood transplantation than after bone mar-
row transplantation in children who received cells
from HLA-identical sibling donors.

In our study, some of the differences between re-
cipients of cord-blood transplants and recipients of
bone marrow transplants, such as the length of time
from diagnosis to transplantation, might not be ex-
pected to confound comparisons of the risk of GVHD.
However, there were also differences in factors that
influence this risk, such as the younger age of the re-
cipients of cord blood (which would be expected to
result in a decreased risk) or the fact that fewer pa-
tients in the cord-blood group than in the bone mar-
row group received a combination of methotrexate
and cyclosporine as prophylaxis against GVHD (which
would be expected to result in an increased risk).23.2¢
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We used multivariate regression models to take in-
to account the independent effects of each potential
prognostic factor. These analyses confirmed that the
risk of GVHD was lower after transplantation with
cord blood than after transplantation with bone mar-
row. The difference between cord blood and bone
marrow may be due to immunologic properties of
umbilical-cord T cells that reduce their capacity to
induce GVHD.811,25-28

In our study, overall survival did not differ signit-
icantly between recipients of cord-blood transplants
and recipients of bone marrow transplants, regard-
less of the indication for transplantation and despite
a slower rate of engraftment after cord-blood trans-
plantation. Overall, the data suggest that umbilical-
cord blood is as effective as bone marrow as a source
of hematopoietic stem cells for children who receive
transplants from HLA-identical siblings.

Few patients have umbilical-cord blood from an
HILA-identical sibling available for transplantation;
the real potential for this procedure lies in its use for
unrelated recipients. Comparisons similar to those
made in this study are needed for transplants of cord
blood and bone marrow from unrelated donors, es-
pecially because the differences between such groups
in terms of the characteristics of the patients may be
even more pronounced than in the groups of patients
who received transplants from related donors. Such
comparisons will also require careful consideration
of the degree of histocompatibility between donor
and recipient.

In conclusion, children who received cord-blood
transplants from HLA-identical siblings had a lower
risk of acute and chronic GVHD and longer times to
neutrophil and platelet recovery than children who
received bone marrow transplants from HLA-identi-
cal siblings. These results justify the systematic col-
lection of cord blood in families with a child affected
by a disease that can be treated successfully by alloge-
neic transplantation of hematopoietic stem cells. The
results also support further exploration of cord blood
as a source of stem cells for transplants from unre-
lated donors.
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follows: M.M. Abecasis, Instituto Portugues de Oncologia, Lisbon, Portu-
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R.E. Harris, Children’s Hospital Medical Center, Cincinnati; P.J. Henslee-
Downey, University of South Carolina, Columbia; J.M. Hows, University
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Kanagawa, Japan; N.A. Kernan, Memorial Sloan-Kettering Cancer Center,
New York; J. Kurtzberg, Duke University Medical Center, Durham, N.C.;
J. Lister, Western Pennsylvania Cancer Institute, Pittsburgh; E Locatelli,
University of Pavia, Pavia, Italy; G. Michel, Groupe Hospitalier de la Ti-
mone, Marseilles, France; A. Nagler, Hadassah Hebrew University Hospi-
tal, Jerusalem, Israel; J.J. Ortega, Hospital Infantil Vall d’Hebron, Barcelona,
Spain; R. Pasquini, Hospital de Clinicas, Curitiba, Brazil; T. Radde-Stepa-
niak, National Marrow Donor Program, Minneapolis; O. Ringdén, Karo-
linska Institute, Huddinge, Sweden; G. Souillet, Hépital Debrousse, Ly-
ons, France; MLE. Trigg, A.I. duPont Hospital for Children, Wilmington,
Del.; M.R. Vowels, Sydney Children’s Hospital, Randwick, New South
Wales, Australia; J.R. Wingard, University of Florida, Gainesville; and L.C.
Yu, Children’s Hospital, Louisiana State University, New Orleans.
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