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Francesco Frassoni, M.D., and Eliane Gluckman, M.D.,
for the Acute Leukemia Working Party of European Blood
and Marrow Transplant Group and the Eurocord—Netcord Registry*

ABSTRACT

BACKGROUND
Promising results of cord-blood transplants from unrelated donors have been reported
in adults.

METHODS

We compared outcomes in 682 adults with acute leukemia who received a hematopoi-
etic stem-cell transplant from an unrelated donor: 98 received cord blood and 584 re-
ceived bone marrow. The transplantations were performed from 1998 through 2002
and reported to Eurocord and the European Blood and Marrow Transplant Group.

RESULTS

Recipients of cord blood were younger than recipients of bone marrow (median, 24.5
vs. 32 years of age; P<0.001), weighed less (median, 58 vs. 68 kg; P<0.001), and had more
advanced disease at the time of transplantation (52 percentvs. 33 percent, P<0.001).
All marrow transplants were HLA matched, whereas 94 percent of cord-blood grafts
were HLA mismatched (P<0.001). The median number of nucleated cells that were in-
fused was 0.23x108 per kilogram of the recipient’s body weight for cord blood and
2.9x108 per kilogram for bone marrow (P<0.001). Multivariate analysis showed lower
risks of grade II, 111, or IV acute graft-versus-host disease (GVHD) after cord-blood trans-
plantation (relative risk, 0.57; 95 percent confidence interval, 0.37 to 0.87; P=0.01),
but neutrophil recovery was significantly delayed (relative risk, 0.49; 95 percent confi-
dence interval, 0.41 to 0.58; P<0.001). The incidence of chronic GVHD, transplanta-
tion-related mortality, relapse rate, and leukemia-free survival were not significantly
different in the two groups.

CONCLUSIONS
Cord blood from an unrelated donor is an alternative source of hematopoietic stem
cells for adults with acute leukemia who lack an HLA-matched bone marrow donor.
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MBILICAL-CORD BLOOD IS CONSID-

ered an alternative to bone marrow as a

source of hematopoietic stem cells for
transplantation,® and its use in adults with hema-
tologic cancers is increasing.” There is consider-
able evidence that cord blood is a promising option
for patients who lack an HLA-matched bone mar-
row donor.3” The advantages of cord blood are
the immediate availability of cells, the absence of
risk to the donor, and a lower need for HLA com-
patibility between the donor and the recipient.®**
A limiting factor is the low number of hematopoi-
etic stem cells in a unit of cord blood. For this rea-
son, cord blood has been transplanted into few
adults until recently, when cord-blood banks be-
gan a policy of selecting units with high numbers
of nucleated and CD34+ cells.***”

METHODS

COLLECTION OF DATA
Eurocord and the European Blood and Marrow
Transplant Group (EBMT) provided data on cord-
blood and bone marrow recipients. Eurocord is
an international registry that operates on behalf of
EBMT. Participation is open to both European and
non-European centers that conduct cord-blood
transplantation. The EBMT registry includes more
than 450 transplantation centers, which are required
to file an annual report of all consecutive stem-cell
transplants, with follow-up by Eurocord and EBMT
physicians. Eurocord and EBMT databases were
checked to verify compliance and detect overlap-
ping reports. Centers not associated with EBMT
were asked to report their cord-blood transplants if
cord-blood units came from Netcord banks. Euro-
cord is in charge of the clinical evaluation of cord-
blood units provided by Netcord. Netcord is an in-
ternational organization of cord-blood banks, which
are listed in the Appendix.

INCLUSION CRITERIA
Our study evaluated outcomes in patients who
were at least 15 years of age at the time of transplan-
tation; who had primary acute leukemia; who re-
ceived a single cord-blood unit or HLA-matched
bone marrow that had not been depleted of T cells;
who underwent transplantation between January 1,
1998, and December 31, 2002; who underwent a
myeloablative regimen before transplantation; and
for whom there were adequate data on outcomes.
Seventy-two patients who received bone marrow

and 8 who received cord blood were excluded ow-
ing to missing data; a total of 98 recipients of a
cord-blood transplant and 584 recipients of a bone
marrow transplant at 145 transplantation centers
met the criteria.

END POINTS

The probability of neutrophil recovery was defined
as the estimated time from transplantation to the
first of three consecutive days with an absolute neu-
trophil count of at least 500 per cubic millimeter.
Data on patients who received a second transplant
because of nonengraftment of the first were cen-
sored at the time of the second transplant. Graft fail-
ure was defined as no sign of neutrophil recovery
60 days after transplantation.

The end point of acute graft-versus-host disease
(GVHD) was diagnosed and graded according to
published criteria®®; patients were evaluated one
day or more after transplantation. Chronic GVHD
was diagnosed according to standard criteria®; pa-
tients who survived at least 100 days with sustained
engraftment were evaluated.

Transplantation-related mortality was defined
as death related to transplantation and not to re-
lapse. Relapse was defined on the basis of morpho-
logic evidence of leukemia in bone marrow or other
sites. Survival was calculated from transplantation
to death from any cause, and leukemia-free surviv-
al was defined as the time from transplantation to
either first relapse or death in complete remission.

STATISTICAL ANALYSIS

The duration of follow-up was the time to the last
assessment for survivors. Before 2002, 95 marrow
recipients and 4 cord-blood recipients were lost to
follow-up. With the use of the chi-square statistic
for categorical variables and the Mann-Whitney
test for continuous variables, we compared varia-
bles that were related to the patients, the underlying
diseases, and the transplantation procedure. Cumu-
lative incidence curves were used in a competing-
risks setting, with death treated as a competing
event, to calculate the probability of neutrophil re-
covery, acute GVHD, chronic GVHD, transplanta-
tion-related mortality, and relapse.?° Probabili-
ties of leukemia-free survival and overall survival
were estimated by the Kaplan—-Meier method; the
log-rank test was used for univariate comparisons.
The associations of the type of graft with outcomes
were evaluated in multivariate analyses, with the use
of Cox proportional-hazards regression to adjust
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Table 1. Characteristics of the Recipients of Cord-Blood or Bone Marrow Transplants from Unrelated Donors.*

Characteristic

Patient-related
Age —yr
Median
Range
Male sex — no. (%)
Weight — kg
Median
Range

Positive cytomegalovirus serologic status
before transplantation — no. /total no. (%)

Disease-related
Type of disease — no. (%)
Acute myeloblastic leukemia
Acute lymphoblastic leukemia
Status at transplant
First complete remission
Second complete remission
More advanced phase
Previous autologous transplant
Disease classification — no./total no. (%)
Acute lymphoblastic leukemia
Phenotype
T-cell
B-cell
Cytogenetics
£(9;22)
t(4;11)
Others
Acute myeloblastic leukemia
French—American—British
M5, M6, M7
Others
Cytogeneticsi:
Favorable
Intermediate

Poor

Unrelated Unrelated
Cord-Blood Bone Marrow
Transplant Transplant P
(N=98) (N=584) Value
24.5 32 <0.001
15-55 15-59
50 (51) 318 (54) 0.53
58 68 <0.001
38-92 40-108
63/94 (67) 161/288 (56) 0.05
0.12
45 (46) 317 (54)
53 (54) 267 (46)
<0.002
26 (27) 197 (34)
21 (21) 191 (33)
51 (52) 196 (34)
19 (19) 44 (8) <0.001
0.08
12/43 (28) 26/161 (16)
31/43 (72) 135/161 (84)
0.17
16/26 (62) 36/79 (46)
1/26 (4) 3/79 (4)
9/26 (35) 40/79 (50)
0.98
8/40 (20) 60/297 (20)
32/40 (30) 237/297 (80)
0.27
7/25 (28) 20/123 (16)
17/25 (68) 90/123 (73)
1/25 (4) 13/123 (11)

for leukemia-free survival and overall survival and
with the use of Fine and Gray’s proportional-haz-
ards model for subdistribution of a competing risk
for other outcomes.**

The variables considered were the age (median)
and sex of the recipient and the donor; HLA com-

patibility, in the case of cord blood; the recipient’s
serologic status (positive or negative) with respect
to cytomegalovirus; the characteristics of the dis-
ease (acute lymphoblastic leukemia according to
phenotype and cytogenetics, or acute myeloid leu-
kemia according to French-American—British clas-
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Table 1. (Continued.)

Characteristic

Donor-related

Age —yr
Median
Range

Positive cytomegalovirus serologic status
before transplantation — no./total no. (%)

HLA compatibility — no./total no. (%)§
60f6
50f6
40f6
30f6
Transplantation-related
Year of transplantation
Median
Range
Conditioning regimen — no. (%)
Regimen based on total-body irradiation
Regimen based on busulphan
Antithymocyte or antilymphocyte globulin
Prophylaxis against graft-versus-host disease — no. (%)
Cyclosporine alone
Cyclosporine and corticosteroids
Cyclosporine and methotrexate
Other
No. of nucleated cells infused — x108/kg
Median
Range

Unrelated Unrelated
Cord-Blood Bone Marrow
Transplant Transplant P
(N=98) (N=584) Value
— 36
— 19-57
— 117/287 (41)
<0.001
6/95 (6) 584 (100)
48/95 (51) —
37/95 (39) —
4/95 (4) —
2000 1999 0.001
1998-2002 1998-2002
64 (65)9 426 (73) 0.10
34 (35)9 158 (27) 0.10
75 (77) 216 (37) <0.001
<0.001
6 (6) 25 (4)
69 (70) 2(0.3)
9 (9) 554 (95)
14 (14)| 3 (0.5)
0.23 2.9 <0.001
0.09-0.6 <1.0-9

* Percentages may not sum to 100 because of rounding.

T The chi-square test was used for categorical variables, and the Mann—Whitney nonparametric test for continuous variables.

i Cytogenetic features associated with a favorable risk were t(8;21), t(15;17), or inv(16), and with a poor risk were mono-
somy 7, 1123 abnormalities, monosomy 5, del (5q), abnormal 3q, t(6;9), or a complex karyotype. The remaining cytoge-
netic abnormalities were classified in the intermediate-risk group.

§ HLA compatibility was defined by HLA-A and B by means of serology or low-resolution DNA typing and by HLA-DRB1

by means of high-resolution typing.

§/In the cord-blood group, the regimen based on total-body irradiation included cyclophosphamide (22 patients), mel-
phalan (3), or fludarabine alone (5) or in combination with two or more drugs (34); the regimen based on busulfan in-
cluded cyclophosphamide (13 patients), melphalan (3), or cyclophosphamide plus thiotepa (17) or other drugs (1).

| Other prophylaxes included regimens based on tacrolimus.

sification and cytogenetics); the status of the dis-
ease at the time of transplantation (e.g., first or
second complete remission or more advanced dis-
ease); and the characteristics of transplantation,
including the year of transplantation, receipt of a
previous autologous transplant, the conditioning
regimen, the type of prophylaxis against GVHD

(cyclosporine, cyclosporine and corticosteroids,
or cyclosporine and methotrexate), and the dose
of nucleated cells infused. Only factors differing in
distribution between the two groups (P<0.10) and
factors known to influence outcomes (such as type
of leukemia) were included in the final models.

All Pvalues are two-sided, with a type I error rate
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fixed at 0.05. Statistical analyses were performed
with SPSS and S-Plus (MathSoft) software.

RESULTS

PATIENTS

Table 1 shows the characteristics of the 98 adults
who underwent cord-blood transplantation, their
donors, and the grafts. The median times from di-
agnosis to transplantation for patients who received
transplants in first and second complete remission
were 18 months (range, 8 to 35) and 51 months
(range, 19 to 182), respectively. The median period
of follow-up was 27 months (range, 3 to 66).

Table 1 also shows the characteristics of the 584
adults who received a bone marrow transplant. The
median times from diagnosis to transplantation
for patients in first and second complete remission
were 18 months (range, 6 to 79) and 59 months
(range, 11 to 354), respectively. The median period
of follow-up was 24 months (range, 1 to 76).

Cord-blood recipients were younger (P<0.001)
and weighed less (P<0.001) than marrow recipi-
ents. The proportions of patients with acute my-
eloid leukemia and acute lymphoblastic leuke-
mia were similar in the two groups (P=0.12). Cord
blood was transplanted into patients in a more
advanced phase of leukemia than was bone mar-
row (P=0.002), and more recipients of cord blood
had previously received an autologous transplant
(P<0.001).

TRANSPLANTATION

All bone marrow transplants were HLA matched,
whereas 94 percent of the recipients of cord blood
were given an HLA-incompatible graft (P<0.001).
The median number of nucleated cells infused in
recipients of cord blood was 0.23x108 per kilogram
of the recipient’s body weight (range, 0.09x108 to
0.6x108 per kilogram), about /10 the number in
bone marrow grafts, in which the median number
was 2.9x108 per kilogram (range, <1.0x108 to
9.0x108 per kilogram; P<0.001). The median num-
ber of CD34+ cells in the cord-blood grafts was
1.1x105 per kilogram (range, 0.08x105 to 8.8x105
per kilogram).

NEUTROPHIL RECOVERY

In the univariate analysis, neutrophil recovery was
significantly delayed after cord-blood transplanta-
tion as compared with bone marrow transplanta-
tion. The median number of days required for the

N ENGL J MED 351;22
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Table 2. Results of Multivariate Analyses in Which Outcomes Were Compared
between Recipients of Unrelated Cord-Blood Transplants and Recipients
of Unrelated Bone Marrow Transplants.*

Number of Events
(Recipients of Cord-
Blood Transplants/

Recipients of Bone Relative Risk P
Outcome Marrow Transplants) (95% Cl):: Value
Neutrophil recovery 77/528 0.49 (0.41-0.58)  <0.001
Grade ll, 111, or IV acute 25/232 0.57 (0.37-0.87) 0.01
GVHD
Chronic GVHD 18/94 0.64 (0.37-1.1) 0.11
Transplantation-related 43/207 1.13 (0.78-1.64) 0.50
mortality
Relapse 24/136 1.02 (0.63-1.65)  0.93
Leukemia-free survival 67/343 0.95 (0.72-1.25) 0.70
Overall survival 62/320 0.95 (0.71-1.27) 0.75

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

Another significant covariate associated with neutrophil recovery was ad-
vanced status of disease at transplantation (relative risk, 0.79; 95 percent con-
fidence interval, 0.64 to 0.96; P=0.02), with acute GVHD was a year of trans-
plantation after 1999 (relative risk, 0.75; 95 percent confidence interval, 0.59 to
0.96; P=0.02), with chronic GVHD was the use of total-body irradiation (rela-
tive risk, 0.59; 95 percent confidence interval, 0.39 to 0.88; P=0.01), and with
relapse was advanced status of disease at transplantation (relative risk, 2.06;
95 percent confidence interval, 1.39 to 3.05; P<0.001). Other significant covar-
iates associated with mortality were acute lymphoblastic leukemia (relative
risk, 1.48; 95 percent confidence interval, 1.13 to 1.94; P=0.004), advanced
status of disease at transplantation (relative risk, 1.84; 95 percent confidence
interval, 1.35 to 2.49; P<0.001), and recipients older than 31 years of age (rela-
tive risk, 1.48; 95 percent confidence interval, 1.13 to 1.94; P=0.04); with leu-
kemia-free survival were second complete remission versus first complete re-
mission (relative risk, 0.40; 95 percent confidence interval, 0.31 to 0.51;
P<0.001), advanced status of disease at transplantation (relative risk, 0.44;

95 percent confidence interval, 0.34 to 0.56; P<0.001), patients older than 31
years of age (relative risk, 0.70; 95 percent confidence interval, 0.57 to 0.87;
P=0.001), and acute lymphoblastic leukemia (relative risk, 0.40; 95 percent
confidence interval, 0.31 to 0.51; P<0.002); and with overall survival were sec-
ond complete remission versus first complete remission (relative risk, 0.39; 95
percent confidence interval, 0.31 to 0.51; P<0.001), advanced status of disease
at transplantation (relative risk, 0.45; 95 percent confidence interval, 0.35 to
0.57; P<0.001), acute lymphoblastic leukemia (relative risk, 0.78; 95 percent
confidence interval, 0.63 to 0.96; P=0.02), and patients older than 31 years of
age (relative risk, 0.77; 95 percent confidence interval, 0.62 to 0.96; P=0.02).
The relative risk is for transplantation with unrelated umbilical-cord blood as
compared with transplantation with unrelated bone marrow (bone marrow
group, relative risk of 1.00).

WWW.NEJM.ORG

neutrophil count to reach at least 500 per cubic
millimeter after cord-blood transplantation was 26
(range, 14 to 80), as compared with 19 (range, 5 to
72) after bone marrow transplantation (P<0.001).
The cumulative incidence of neutrophil recovery
60 days after transplantation was 75 percent (95
percent confidence interval, 66 to 84 percent) after
cord-blood transplantation and 89 percent (95 per-
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Figure 2. Kaplan—Meier Estimates of Overall Survival (Panel A) and Leukemia-
free Survival (Panel B) after Transplantation of Cord Blood or Bone Marrow
from Unrelated Donors in Adults with Acute Leukemia.
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cent confidence interval, 87 to 91 percent) after
bone marrow transplantation (P<0.001) (Fig. 1A).
Graft failure occurred in 43 patients (7 percent)
in the marrow group and 20 patients (20 percent)
in the cord-blood group. In the marrow group, 3 of
43 patients who had autologous reconstitution
were alive at 3, 18, and 23 months after transplan-
tation, respectively; 4 patients who received a sec-
ond transplant died. In the cord-blood group, 4 of
20 patients with graft failure survived, 1 after a
second transplant 17 months after the first cord-

N ENGL J MED 351;22
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blood transplant, 1 after a second transplant at 40
months, and 2 with autologous reconstitution at
13 and 31 months, respectively. Secondary graft
failure occurred in 4 of 528 marrow recipients and
1 of 77 cord-blood recipients. In the multivariate
analysis, the relative risk of neutrophil recovery was
significantly lower after cord-blood transplanta-
tion than after marrow transplantation (relative
risk, 0.49; 95 percent confidence interval, 0.41 to
0.58; P<0.001) (Table 2).

ACUTE AND CHRONIC GVHD

The cumulative incidence of grades II, III, and IV
acute GVHD 100 days after transplantation was 26
percent (95 percent confidence interval, 14 to 38
percent) after cord-blood transplantation, which
was significantly lower than that after bone mar-
row transplantation (39 percent; 95 percent confi-
dence interval, 31 to 47 percent; P=0.008). Severe
acute GVHD (grades Il and IV) occurred in 13 per-
cent of cord-blood recipients and in 19 percent of
marrow recipients (P=0.26). In a multivariate analy-
sis, the risk of acute GVHD was significantly lower
after transplantation of cord blood than after trans-
plantation of bone marrow (Table 2).

Among patients who survived more than 100
days, chronic GVHD affected proportionally few-
er cord-blood recipients (18 of 61) than marrow
recipients (94 of 203). The two-year cumulative
incidence of chronic GVHD was 30 percent (95
percent confidence interval, 20 to 40 percent) after
transplantation of cord blood and 46 percent (95
percent confidence interval, 44 to 48 percent) af-
ter transplantation of marrow (P=0.07) (Fig. 1B).
In the multivariate analysis, the risk of chronic
GVHD was not significantly different between the
two groups.

TRANSPLANTATION-RELATED MORTALITY

In the univariate and multivariate analyses, there
was no significant difference in transplantation-
related mortality between the two groups (two-year
cumulative incidence, 44 percent with cord blood
vs. 38 percent with bone marrow; P=0.13) (Fig. 1C
and Table 2).

RELAPSE

The cumulative incidence of relapse was not sig-
nificantly different between the two groups (23 per-
centwith cord blood vs. 23 percent with bone mar-
row, P=0.71) (Fig. 1D). In a multivariate analysis,
the risk for relapse was similar in the two groups;
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only advanced disease was associated with an in-
creased risk of relapse (Table 2).

OVERALL SURVIVAL AND LEUKEMIA-FREE
SURVIVAL

The unadjusted two-year probabilities of overall
survival and leukemia-free survival were similar in
the two groups (36 percent in recipients of cord
blood and 42 percent in recipients of bone marrow,
P=0.08 [Fig. 2A]; and 33 percent in recipients of
cord blood and 38 percent in recipients of bone mar-
row, P=0.06 [Fig. 2B]), and a multivariate analysis
showed no significant difference in overall survival
or leukemia-free survival between the groups (Ta-
ble 2). Table 3 lists the unadjusted two-year proba-
bility of leukemia-free survival in recipients of cord
blood and recipients of bone marrow according to
the type of leukemia and disease status at the time
of the transplantation.

CAUSES OF DEATH

Sixty-two of 98 recipients of cord-blood transplants
(63 percent) and 320 of 584 recipients of bone mar-
row transplants (55 percent) died. Persistent or
recurrent leukemia caused 19 (31 percent) of the
deaths in the recipients of cord-blood and 118 (37
percent) of those in the recipients of bone marrow
transplants. Table 4 lists the causes of death re-
lated to transplantation. Deaths related to toxicity
were significantly more common in the cord-blood
group (P<0.001), whereas deaths related to GVHD
were significantly more common in the bone mar-
row group (P=0.02).

DISCUSSION

In this registry-based retrospective analysis, we
found that adults with acute leukemia who under-
went cord-blood transplantation had delayed neu-
trophil recovery and a lower incidence of acute
GVHD, but other outcomes were similar to those
in adults who underwent bone marrow transplanta-
tion. The main differences between the cord-blood
group and the bone marrow group were the num-
ber of nucleated cells in the graft and HLA com-
patibility. A major factor that limits the use of cord
blood is the number of nucleated cells and CD34+
cells in the graft. There is a consensus that a unit
of cord blood should have atleast 2.0x10 nucleat-
ed cells per kilogram at the time of freezing and
no more than two disparities in the matching for
HLA-A, B, or DRB1, alone or in combination, with
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Table 3. Unadjusted Two-Year Probability of Leukemia-free Survival
after Transplantation of Unrelated Umbilical-Cord Blood or Unrelated

Variable Probability (95% CI)*
Unrelated Unrelated
Cord-Blood  Bone Marrow
Transplant  Transplant
(N=98) (N=584)
percent
Type of leukemia
Acute myeloblastic leukemia 32 (25-39) 42 (39-45)
Acute lymphoblastic leukemia 34 (27-41) 33 (30-36)
Status of disease
First complete remission 43 (33-53) 49 (45-53)
Second complete remission 44 (32-56) 47 (43-50)
Advanced 23(17-29) 19 (16-22)

P Valuey

0.18
0.21

0.31
0.64
0.92

* Cl denotes confidence interval.
7 P values were determined by the log-rank test.

WWW.NEJM.ORG

Unrelated
Bone Marrow
Transplant

(N=320)
118 (37)
202 (63)
63 (31)
13 (6)
10 (5)
82 (41)
34 (17)

Table 4. Causes of Death after Transplantation of Unrelated Cord Blood
or Unrelated Bone Marrow.
Unrelated
Cord-Blood
Transplant
Mortality* (N=62)
Related to relapse or progression — no. (%) 19 (31)
Related to transplantation — no. (%) 43 (69)
GVHD{ 5 (12)
Toxicity § 15 (35)
Graft failure or hemorrhage 4(9)
Infections§ 18 (42)
Other or unknown 1(2)

* The P value for overall causes of death is <0.001 and was determined by Fish-

er’s exact test.
T GVHD denotes graft-versus-host disease.

I Death from toxicity in the cord-blood group included cardiac toxicity (three pa-
tients), acute respiratory distress syndrome or interstitial pneumonitis (six),

and multiorgan failure (six).

§ Infections in the cord-blood group were bacterial (three patients), viral (five),

fungal (seven), parasitic (one), and not determined (three).

the recipient.®?%23 The delayed neutrophil re-
covery and the decreased incidence of acute GVHD
in adult cord-blood recipients are similar to these
outcomes in children®°?* and probably reflect the
properties of the hematopoietic and lymphocytic
components of cord blood.?>° The relatively low
incidence of GVHD after cord-blood transplanta-
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tion, despite HLA incompatibility, is notable.3°-32
However, the role of HLA mismatches is difficult
to analyze, since typing for class I HLA alleles is not
routine with cord-blood transplants. The number
of HLA disparities, found with low-resolution typ-
ing, has been associated with neutrophil and plate-
let recovery, grades III and IV GVHD, and relapse,
but not with survival.>?

In our study, we included all cord-blood trans-
plantations performed from 1998 through 2002,
regardless of the number of HLA disparities, be-
cause during this period transplanting cord blood
with as many as three HLA mismatches was a com-
mon practice. We have previously shown that trans-
plant-related mortality at 100 days was higher after
transplantation of cord blood than after transplan-
tation of bone marrow in children with acute leu-
kemia, because of delayed neutrophil recovery and

pected more deaths related to infections in the cord-
blood group owing to delayed neutrophil recovery
and probably delayed immune recovery.**33 How-
ever, causes of death were more frequently related
to the toxicity of treatment, since cord-blood re-
cipients underwent transplantation in a more ad-
vanced phase of leukemia than did recipients of
bone marrow.

In conclusion, we believe that cord blood should
be considered an alternative to bone marrow for
transplantation in adults with acute leukemia. The
choice of the source of hematopoietic stem cells
will depend on the available number of cord-blood
cells, on HLA compatibility, and on the urgency of

the need for the transplant.
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