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ABSTRACT

BACKGROUND
Data regarding the outcome of cord-blood transplantation in adults are scant, despite
the fact that these grafts are increasingly used in adults.

METHODS

We compared the outcomes of the transplantation of hematopoietic stem cells from
unrelated donors in adults with leukemia who had received cord blood that was mis-
matched for one HLA antigen (34 patients) or two antigens (116 patients), bone mar-
row that had one HLA mismatch (83 patients), and HLA-matched bone marrow (367
patients). We used Cox proportional-hazards models to analyze the data.

RESULTS

Cord-blood recipients were younger and more likely to have advanced leukemia than
were bone marrow recipients, and they received lower doses of nucleated cells. Hema-
topoietic recovery was slower with transplantation of mismatched bone marrow and
cord blood than with matched marrow transplantations. Acute graft-versus-host dis-
ease (GVHD) was more likely to occur after mismatched marrow transplantation, and
chronic GVHD was more likely to occur after cord-blood transplantation. The rates of
treatment-related mortality, treatment failure, and overall mortality were lowest among
patients who received matched marrow transplants. Patients who received mismatched
bone marrow transplants and those who received mismatched cord-blood transplants
had similar rates of treatment-related mortality (P=0.96), treatment failure (P=0.69),
and overall mortality (P=0.62). There were no differences in the rate of recurrence of
leukemia among the groups. There were no differences in outcome after cord-blood
transplantation between patients with one HLA mismatch and those with two HLA mis-
matches.

CONCLUSIONS
HLA-mismatched cord blood should be considered an acceptable source of hemato-
poietic stem-cell grafts for adults in the absence of an HLA-matched adult donor.
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REATMENT OF LEUKEMIA WITH TRANS-
plantation of allogeneic bone marrow or
stem cells from the peripheral blood is lim-
ited by the scarcity of HLA-matched related donors.
Only 30 percent of otherwise eligible patients with
leukemia in the United States have a related his-
tocompatible donor and, of the remainder, only
about 20 percent receive a transplant from an unre-
lated donor or an HLA-mismatched related donor.*
The higher risk of acute and chronic graft-versus-
host disease (GVHD) is an important drawback to
be considered when grafts from unrelated donors
or related donors with partially matched HLA anti-
gens are used.>
Cord-blood grafts from unrelated donors have
been used successfully, primarily in children.®** In
children, these grafts reconstitute hematopoiesis
more slowly than do bone marrow grafts and there-
by contribute to relatively high rates of post-trans-
plantation infection and early death.***# The in-
cidence and severity of GVHD are not excessive,
however, even with cord-blood grafts mismatched
for more than one HLA antigen, and graft-versus-
leukemia effects are well maintained.'*"131> Re-
ports of cord-blood transplantation in adults also
suggest slower hematopoietic recovery and varia-
ble rates of leukemia-free and overall survival, but
these studies have been small and did not compare
cord-blood with bone marrow transplantation.*#*8
We analyzed data on a large number of adult pa-
tients that were reported to the International Bone
Marrow Transplant Registry IBMTR) and the Na-
tional Cord Blood Program (NCBP) of the New York
Blood Center. We compared the outcomes after
transplantation of hematopoietic stem cells from
cord blood from unrelated donors that was mis-
matched for one or two HLA antigens (150 patients),
from bone marrow that was mismatched for one
HLA antigen (83 patients), or from HLA-matched
bone marrow (367 patients).

METHODS

COLLECTION OF DATA

Data on patients who underwent bone marrow and
cord-blood transplantation were obtained from the
IBMTR and the NCBP of the New York Blood Cen-
ter. The IBMTR is a working group of more than
400 transplantation centers worldwide. Participat-
ing centers register basic information on consecu-
tive transplantations at a statistical center located
atthe Medical College of Wisconsin. Detailed dem-

ographic and clinical data are collected on a repre-
sentative sample of patients in the registry. Centers
that obtain cord-blood grafts from the NCBP are
required, under the Investigational New Drug rules
of the Food and Drug Administration, to report data
on the outcome of transplantation procedures.

INCLUSION CRITERIA

The study included patients 16 to 60 years of age
who had received either an HLA-matched marrow
transplant or a marrow transplant with a single
HLA mismatch from an unrelated donor or had re-
ceived a cord-blood transplant with one or two HLA
mismatches. HLA matching was performed with
the use of serologic or low-resolution molecular
typing methods for HLA-A and HLA-B and high-
resolution molecular typing for HLA-DRB1. The
matching process identified all specificities that
were recognized by the World Health Organiza-
tion at the time of transplantation. There were not
enough transplantations performed with HLA-
matched cord blood (5 patients) or cord blood with
three mismatches (19 patients) to include these in
the comparison. Also excluded were recipients of
T-cell-depleted marrow, peripheral blood, reduced-
intensity preparative regimens, ex vivo expanded
grafts, or multiple cord-blood units and those in
whom prior transplantation had failed. Trans-
plantations were performed between January 1,
1996, and December 31, 2001, in various locations
throughout the United States. Eligible for the study
were 450 bone marrow recipients and 150 cord-
blood recipients. The patients had been given a
diagnosis of acute lymphoblastic leukemia, acute
myeloid leukemia, chronic myeloid leukemia, or
myelodysplastic syndrome.

END POINTS

Neutrophil recovery was defined by an absolute
neutrophil count of atleast 500 cells per cubic milli-
meter for three consecutive days; platelet recovery
was defined by a count of at least 20,000 platelets
per cubic millimeter, unsupported by transfusions,
for seven days. The incidence of grade 2, 3, or 4 acute
GVHD was determined in all patients,*® and the
incidence of chronic GVHD was determined in
patients who survived for at least 90 days.2° Treat-
ment-related death was defined as death during
a continuous remission. Relapse was defined as
a recurrence of leukemia; patients in whom a remis-
sion failed to occur after transplantation were con-
sidered to have had a recurrence at day 1. Leuke-
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mia-free survival was defined as survival in a state
of continuous complete remission.

STATISTICAL ANALYSIS

Variables related to patients, disease, and trans-
plants were compared among the groups with the
use of the chi-square statistic for categorical varia-
bles and the Kruskal-Wallis test for continuous
variables. The probabilities of overall and leukemia-
free survival were calculated with the use of the
Kaplan—Meier estimator.?* For analyses of surviv-
al rates, death from any cause was considered an
event, and data on patients who were alive at the
last follow-up contact were censored. For leukemia-
free survival, relapse or death (i.e., treatment fail-
ure) was considered an event, and data on patients
who were alive and in continuous complete remis-
sion were censored at the last follow-up. The prob-
abilities of neutrophil and platelet recovery, acute
and chronic GVHD, treatment-related death, and
relapse were calculated with the use of the cumula-
tive-incidence—function method.?* For neutrophil
and platelet recovery and for GVHD, death without
an event (hematopoietic recovery or GVHD) was
the competing event; for treatment-related mor-
tality, relapse was the competing event; and, for re-
lapse, treatment-related death was the competing
event. Data on patients who were alive without an
event were censored at the last follow-up.

Confidence intervals were calculated with the
use of a log transformation.?* Adjusted probabil-
ities of overall and leukemia-free survival were esti-
mated with the use of the Cox proportional-haz-
ards regression model, with consideration of the
variables in the final multivariate models.?* Multi-
variate models were built with the use of stepwise
forward selection, with a P value 0of 0.05 or less con-
sidered to indicate statistical significance; all varia-
bles met the proportional-hazards assumption. The
primary objective was to compare outcomes accord-
ing to graft type: HLA-matched bone marrow, sin-
gle-antigen—mismatched bone marrow, and cord
blood with one or two antigen mismatches. Results
were expressed as hazard ratios — the relative rate
of occurrence of the event with one graft type as
compared with another.

Before comparing bone marrow and cord-blood
grafts, we analyzed the effect of HLA matching in
cord-blood transplantation. There were no statis-
tically significant differences in outcome between
patients who had received transplants with one
antigen mismatch and those who received trans-

plants with two antigen mismatches, and these
groups were combined for further analyses. The
variable for graft type was retained in all steps of
model building. Other variables that were consid-
ered were the age of the transplant recipient, the
serologic status with respect to cytomegalovirus in
both donor and recipient before transplantation,
the type of leukemia and the status of the disease
at transplantation, the sex of the recipient and the
donor, the conditioning regimen (i.e., with irradi-
ation vs. without it), the regimen for GVHD prophy-
laxis (e.g., treatment with cyclosporine and meth-
otrexate vs. treatment with alternative regimens),
and the total dose of nucleated cells (for each graft
type separately). There were no first-order inter-
actions between the graft type and the other varia-
bles studied. No statistically significant effects ac-
cording to treatment center were noted.?3 P values
are two-sided. Analyses were completed with the
use of PROC PHREG in SAS software, version 8.2
(SAS Institute).

RESULTS

PATIENTS
Table 1 shows features of the patients, the types of
leukemia they had, and the types of transplant they
received. As compared with bone marrow recipi-
ents, cord-blood recipients were younger, were less
likely to be white, were more likely to have acute leu-
kemia, were more likely to have advanced leukemia
at transplantation, and weighed less. The average
total dose of nucleated cells for marrow recipients
was generally 10 times as high as that for cord-blood
recipients. All cord-blood grafts were HLA-mis-
matched — 23 percent for one antigen, and 77 per-
cent for two antigens. The median period of fol-
low-up for survivors after marrow and cord-blood
transplantation was 48 months and 40 months, re-
spectively. Completeness of follow-up for the study
population was 91 percent.>*

NEUTROPHIL AND PLATELET RECOVERY

Among patients who had neutrophil and platelet
recovety, the recovery times were longer after cord-
blood transplantation than after bone marrow trans-
plantation. Median times to neutrophil recovery
were 18 days (95 percent confidence interval, 18 to
19) after HLA-matched bone marrow transplanta-
tion, 20 days (95 percent confidence interval, 18 to
22) after mismatched marrow transplantation, and
27 days (95 percent confidence interval, 25 to 29)
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Table 1. Characteristics of Patients Who Received Bone Marrow or Cord-Blood Transplants from Unrelated Donors, 1996 to 2001.

Cord Blood Mismatched

Matched Bone Marrow  Bone Marrow Mismatched for 1 or 2 Antigens
Variable (N=367) for 1 Antigen (N=83) (N=150) P Value
Sex — no. (%) 0.29
Male 206 (56) 52 (63) 78 (52)
Female 161 (44) 31 (37) 72 (48)
Age group — no. (%) <0.001
16-20yr 43 (12) 18 (22) 48 (32)
21-30 yr 84 (23) 16 (19) 30 (20)
31-40yr 101 (27) 25 (30) 33 (22)
41-50 yr 109 (30) 19 (23) 28 (19)
51-60 yr 30 (8) 5 (6) 11 (7)
Weight — kg <0.001
Median 76 73 68
Range 40-156 46-143 44-133
Race — no. (%)* <0.001
White 328 (39) 60 (73) 95 (64)
Other 35 (10) 21 (25) 54 (36)
Unknown 4 (1) 2(2) 1(<1)
Disease — no. (%) 0.02
Acute myeloid leukemia 115 (31) 27 (33) 58 (39)
Acute lymphoblastic leukemia 82 (22) 17 (20) 45 (30)
Chronic myeloid leukemia 145 (40) 37 (45) 37 (25)
Myelodysplastic syndrome 25 (7) 2(2) 10 (6)
Disease status — no. (%) <0.001
CR1, CP1, or RA 149 (40) 27 (33) 30 (20)
>CR2, CP2, or AP 112 (31) 35 (42) 48 (32)
Relapse, PIF, BP, or RAEBT 106 (29) 21 (25) 64 (43)
Missing 0 0 8 (5)
Conditioning regimen — no. (%) 0.42%
Cyclophosphamide, total-body 288 (78) 68 (82) 72 (48)
irradiation with or without
other agents
Total-body irradiation with 10 (3) 2 (2) 55 (37)
or without other agents
Busulfan, cyclophosphamide 68 (19) 13 (16) 8 (5)
with or without other agents
Busulfan and melphalan 1(<1) 13 (9)
Unknown 0 2(1)
Prophylaxis against GVHD — no. (%) <0.001
Cyclosporine with or without other 67 (18) 21 (25) 100 (67)
agents
Cyclosporine, methotrexate 295 (81) 56 (68) 15 (10)
with or without other agents
Tacrolimus with or without 5(1) 6 (7) 19 (13)
other agents
Other 1(<1)
Unknown 15 (10)
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Table 1. (Continued.)

Cord Blood Mismatched

Matched Bone Marrow  Bone Marrow Mismatched for 1 or 2 Antigens
Variable (N=367) for 1 Antigen (N=83) (N=150) P Value
Nucleated-cell dose/kg of body 2.4 (0.02-17) 2.2 (0.01-5.8) 0.22 (0.10-0.65) <0.001
weight — x10-8
HLA compatibility — no. (%)§
Matched 367 (100) 0 0
One-antigen mismatch 0 83 (100) 34 (23)
Two-antigen mismatch 0 0 116 (77)
ABO compatibility — no. (%)9 0.09
Matched 123 (34) 37 (45) 52 (35)
Minor mismatch 95 (26) 15 (18) 44 (29)
Major mismatch 82 (22) 21 (25) 34 (23)
Bidirectional 27 (7) 5 (6) 13 (8)
Unknown 40 (11) 5 (6) 7 (5)
Donor-recipient sex match — no. (%) 0.004
Male-male 133 (37) 26 (32) 35 (23)
Male—female 99 (27) 16 (19) 32 (21)
Female—male 71 (19) 25 (30) 37 (25)
Female—female 59 (16) 14 (17) 39 (26)
Unknown 5(1) 2(2) 7(5)
Donor-recipient serologic status <0.001
for cytomegalovirus — no. (%)
Negative—negative 117 (32) 25 (30) 69 (46)
Negative—positive 114 (31) 21 (25) 79 (53)
Positive-negative 60 (16) 14 (17) 0
Positive—positive 66 (18) 19 (23) 0
Unknown 10 (3) 4(5) 2 (1)
Follow-up — mo 0.16
Median 48 48 40
Range 12-85 12-78 4-82

* Race was reported by the transplantation center.

7 CR indicates clinical remission (numbers represent first or second remission), CP chronic phase (numbers represent first or second chronic
phase), RA refractory anemia, AP accelerated phase, PIF primary induction failure, BP blast phase, RAEBT refractory anemia with excess blast
in transformation, and GVHD graft-versus-host disease.

1 The P value is for a conditioning regimen that involves total-body irradiation as compared with a regimen without irradiation (variable as test-
ed in multivariate models).

§ Transplants were classified as matched or as having one or two antigen mismatches, according to the total number of antigen mismatches at
HLA-A and HLA-B loci (defined by serologic or low-to-intermediate-resolution DNA typing) and the number of allele mismatches at HLA-DRB1
(defined by high-resolution DNA typing). HLA data for cord-blood and bone marrow transplantations as reported by the International Bone
Marrow Transplant Registry were provided by the transplantation centers. Typing of cord-blood units from the National Cord Blood Program
and the blood of recipients was done at the F.H. Allen Immunogenetics Laboratory of the New York Blood Center and, in most cases, also
at the HLA laboratory of each transplantation center before transplantation. Among one-antigen—-mismatched bone-marrow transplants,

38 were mismatched at the A locus, 27 at the B locus, and 18 at the DRB1 locus. Among one-antigen—mismatched cord-blood transplants,
17 were mismatched at the A locus, 18 at the B locus, and 7 at the DRB1 locus. Among two-antigen—-mismatched cord-blood transplants,

21 were mismatched at the A and DRB1 loci, 33 at the B and DRB1 loci, 49 at the A and B loci, 2 at both DRB1 loci, and 1 at both B loci.

9§ Matched donors and recipients are of the same blood group (A, B, or O). A minor mismatch indicates that donor blood from group O has
been used in patients with group A, B, or AB and that donor blood from group A or B has been used in patients with group AB. A major mis-
match indicates that donor blood from group A, B, or AB has been used in patients with group O and that donor blood from group AB has
been used in patients with group A or B. A bidirectional match indicates that donor blood from group A has been used in patients with group
B and that donor blood from group B has been used in patients with group A.
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after cord-blood transplantation (P<0.001). Corre-
sponding times to platelet recovery were 29 days
(95 percent confidence interval, 27 to 30), 29 days
(95 percent confidence interval, 27 to 34), and 60
days (95 percent confidence interval, 54 to 71), re-
spectively (P<0.001). Despite early differences, the
cumulative incidence of neutrophil recovery at day
100 (P=0.29) and that of platelet recovery at one
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Figure 1. Cumulative Incidence of Neutrophil and Platelet Recovery
after Bone Marrow and Cord-Blood Transplantation.
Despite early differences, the cumulative incidence of neutrophil recovery at
day 100 (Panel A) and of platelet recovery at one year (Panel B) was similar af-
ter the transplantation of mismatched bone marrow and of cord blood. The
corresponding cumulative incidence after transplantation of HLA-matched
bone marrow was significantly higher.
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year (P=0.16) were similar after transplantations
of mismatched bone marrow and of cord blood.
Corresponding cumulative incidence rates after
transplantation of HLA-matched bone marrow
were significantly higher (P<0.01) (Fig. 1).

ACUTE AND CHRONIC GVHD
Acute GVHD of grade 2, 3, or 4 developed in 176
of 367 recipients of HLA-matched bone marrow,
in 43 of 83 recipients of mismatched bone marrow,
and in 61 of 150 recipients of mismatched cord
blood. The rate of acute GVHD grade 2, 3, or 4 was
similar between patients who received mismatched
cord blood and those who received HLA-matched
bone marrow (hazard ratio, 0.81; 95 percent con-
fidence interval, 0.59 to 1.10; P=0.17). However,
acute GVHD was less likely after transplantation
of mismatched cord blood than after that of mis-
matched bone marrow (hazard ratio, 0.66; 95 per-
cent confidence interval, 0.44 to 0.99; P=0.04).
Among patients who survived for 90 days or
longer, chronic GVHD developed in 86 of 243 re-
cipients of HLA-matched bone marrow, in 17 of
43 recipients of mismatched bone marrow, and in
35 of 69 recipients of mismatched cord blood. The
rate of chronic GVHD was higher among patients
who received cord blood than among those who re-
ceived HLA-matched marrow (hazard ratio, 1.62; 95
percent confidence interval, 1.08 to 2.42; P=0.02)
but similar to the rate among recipients of mis-
matched marrow (hazard ratio, 1.12; 95 percent
confidence interval, 0.63 to 2.02; P=0.69). Among
patients with chronic GVHD, the proportion with
extensive disease was lower among cord-blood re-
cipients than among HLA-matched or mismatched
marrow recipients, with rates of 33 percent, 52 per-
cent, and 71 percent, respectively (P=0.03).

TREATMENT-RELATED MORTALITY

Death from treatment-related complications oc-
curred in 169 of 367 recipients of HLA-matched
bone marrow, in 54 of 83 recipients of mismatched
marrow, and in 95 of 150 recipients of cord blood.
Rates of treatment-related death were similar among
patients who received mismatched bone marrow
and those who received mismatched cord blood; the
rate was significantly lower among patients who
received HLA-matched bone marrow (Table 2).

RELAPSE

Leukemia recurred after transplantation in 83 of
367 recipients of HLA-matched marrow, in 12 of

NOVEMBER 25, 2004

Downloaded from www.nejm.org on November 11, 2009 . For personal use only. No other uses without permission.
Copyright © 2004 Massachusetts Medical Society. All rights reserved.



TRANSPLANTATION OF CORD BLOOD OR BONE MARROW IN ADULTS WITH LEUKEMIA

83 recipients of mismatched marrow, and in 26 of
150 recipients of mismatched cord blood. All of
these rates were similar (Table 2).

LEUKEMIA-FREE SURVIVAL

Treatment failure (i.e., relapse or death) occurred
in 252 0f 367 recipients of HLA-matched marrow, in
66 of 83 recipients of mismatched marrow, and in
121 of 150 recipients of mismatched cord blood.

Rates of treatment failure were similar among pa-
tients who had received mismatched marrow and
those who had received cord blood, but the rates
were significantly lower among patients who had
received HLA-matched marrow (Table 2). The prob-
ability of surviving for three years without a recur-
rence of leukemia, after adjustments were made
for other significant factors, was 19 percent (95 per-
cent confidence interval, 12 to 27 percent) for re-

Table 2. Results of Multivariate Analysis of Outcomes in 367 Recipients of Matched Marrow, 83 Recipients
of Mismatched Marrow, and 150 Recipients of Mismatched Cord Blood.

Outcome Hazard Ratio (95% Cl)* P Value
Treatment-related death
Mismatched marrow vs. matched marrow 1.91 (1.40-2.61) <0.001
Mismatched cord blood vs. matched marrow 1.89 (1.45-2.48) <0.001
Mismatched cord blood vs. mismatched marrow 0.99 (0.70-1.40) 0.96
Relapsei:
Mismatched marrow vs. matched marrow 0.85 (0.46-1.57) 0.61
Mismatched cord blood vs. matched marrow 0.73 (0.46-1.14) 0.16
Mismatched cord blood vs. mismatched marrow 0.85 (0.43-1.70) 0.65
Treatment failuref
Mismatched marrow vs. matched marrow 1.58 (1.20-2.08) 0.001
Mismatched cord blood vs. matched marrow 1.48 (1.18-1.86) 0.001
Mismatched cord blood vs. mismatched marrow 0.94 (0.69-1.28) 0.69
Death from any causeq|
Mismatched marrow vs. matched marrow 1.66 (1.26-2.19) <0.001
Mismatched cord blood vs. matched marrow 1.53 (1.21-1.94) <0.001
Mismatched cord blood vs. mismatched marrow 0.92 (0.68-1.26) 0.62

3

Cl denotes confidence interval.

i Other significant variables were age, 16 to 40 years (baseline hazard ratio, 1.0) and more than 40 years (hazard ratio,
1.56; 95 percent confidence interval, 1.24 to 1.97; P<0.001); disease status, clinical remission (CR) 1, chronic phase (CP) 1,
or refractory anemia (RA) (baseline hazard ratio, 1.0), CR2, CR3, or CR4, CP2, or accelerated phase (AP) (hazard ratio,
1.21; 95 percent confidence interval, 0.92 to 1.60; P=0.16), relapse, primary induction failure (PIF), blast phase (BP), re-

fractory anemia with excess blasts (RAEB), or refractory anemia with excess blasts in transformation (RAEBT) (hazard ra-
tio, 1.47; 95 percent confidence interval, 1.11 to 1.96; P=0.01); and donor—recipient serologic cytomegalovirus status,
negative for donor and recipient (baseline hazard ratio, 1.0) and positive for donor, recipient, or both (hazard ratio, 1.58;
95 percent confidence interval, 1.24 to 2.01; P<0.001).

i: Other significant variables were disease status, CR1, CP1, or RA (baseline hazard ratio, 1.0), CR2, CR3, or CR4, CP2, or
AP (hazard ratio, 2.95; 95 percent confidence interval, 1.66 to 5.26; P<0.001), relapse, PIF, BP, RAEB, or RAEBT (hazard
ratio, 7.71; 95 percent confidence interval, 4.48 to 13.27; P<0.001).

§ Other significant variables were age, 16 to 40 years (baseline hazard ratio, 1.0) and more than 40 years (hazard ratio,
1.43; 95 percent confidence interval, 1.17 to 1.74; P=0.001); disease status, CR1, CP1, or RA (baseline hazard ratio, 1.0),
CR2, CR3, or CR4, CP2, or AP (hazard ratio, 1.47; 95 percent confidence interval, 1.15 to 1.88; P=0.002), relapse, PIF, BC,

RAEB, or RAEBT (hazard ratio, 2.26; 95 percent confidence interval, 1.77 to 2.88; P<0.001); and donor-recipient serolog-
ic cytomegalovirus status, negative for donor and recipient (baseline hazard ratio, 1.0) and positive for donor, recipient,
or both (hazard ratio, 1.58; 95 percent confidence interval, 1.28 to 1.94; P<0.001).

9 Other significant variables were age, 16 to 40 years (baseline hazard ratio, 1.0) and more than 40 years (hazard ratio,

1.43; 95 percent confidence interval, 1.17 to 1.75; P=0.001); disease status, CR1, CP1, or RA (baseline hazard ratio, 1.0),

CR2, CR3, or CR4, CP2, or AP (hazard ratio, 1.44; 95 percent confidence interval, 1.13 to 1.85; P=0.004), relapse, PIF, BC,

RAEB, or RAEBT (hazard ratio, 2.25; 95 percent confidence interval, 1.76 to 2.87; P<0.001); and donor-recipient serolog-

ic cytomegalovirus status, negative for donor and recipient (baseline hazard ratio, 1.0) and positive for donor, recipient,

or both (hazard ratio, 1.58; 95 percent confidence interval, 1.28 to 1.94; P<0.001).
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cipients of mismatched marrow and 23 percent (95
percent confidence interval, 17 to 30 percent) for
recipients of cord blood (P=0.69); the probabili-
ty of such survival after transplantation with HLA-
matched marrow was higher, at 33 percent (95 per-
cent confidence interval, 28 to 37 percent; P=0.001)
(Fig. 2A).

OVERALL MORTALITY

Death due to any cause after transplantation oc-
curred in 247 of 367 recipients of HLA-matched
marrow, in 65 of 83 recipients of mismatched mar-
row, and in 117 of 150 recipients of mismatched
cord blood (Table 3). Mortality rates were similar
after transplantation of mismatched marrow and
of cord blood but significantly lower after trans-
plantation of HLA-matched marrow (Table 2). Ad-
justed probabilities of three-year survival were 20
percent (95 percent confidence interval, 12 to 28 per-
cent) for recipients of mismatched marrow, 26
percent (95 percent confidence interval, 19 to 32
percent) for recipients of cord blood (P=0.62), and
35 percent (95 percent confidence interval, 30 to
39 percent) for recipients of HLA-matched marrow
(P<0.001) (Fig. 2B).

The proportion of deaths that occurred dur-
ing the first 100 days after transplantation of mis-
matched marrow or cord blood was significantly
higher than that after transplantation of HLA-
matched marrow (70 percent vs. 50 percent, P<
0.001). The proportion of deaths that were related
to infections within 100 days after transplantation
was significantly higher among recipients of mis-
matched cord blood than among recipients of ei-
ther HLA-matched marrow or mismatched marrow
(45 percent, 21 percent, and 24 percent, respective-
ly; P=0.01). Beyond day 100, the proportions of
infection-related deaths were similar in the three
groups. Of the infection-related deaths, the propor-
tions that resulted from bacteria, viruses, and fungi
did not differ among the groups.

DISCUSSION

Our objective was to compare the effectiveness of
hematopoietic stem-cell transplantation with the
use of cord-blood grafts mismatched for one or two
HLA antigens, HLA-matched bone marrow, and
bone marrow mismatched for one antigen, all from
unrelated donors, in adults with leukemia. Signif-
icant prognostic factors were older age (over 40
years), advanced leukemia, and positivity for cyto-

megalovirus in the donor, recipient, or both. After
we adjusted for these factors, treatment-related
mortality, the rate of treatment failure, and overall
mortality were significantly lower after the trans-
plantation of HLA-matched marrow than after the
transplantation of HLA-mismatched marrow or
cord blood. The rate of recurrence of leukemia was
similar among the three groups. It is important to
note that there were no significant differences in
treatment-related mortality, the rate of treatment
failure, or overall mortality between recipients of
HLA-mismatched marrow and those who received
mismatched cord blood despite the fact that 77 per-
cent of cord-blood grafts were mismatched for two
HLA antigens, whereas all mismatched-marrow
grafts were mismatched for only one antigen. The
relative efficacy of HLA-matched and mismatched
bone marrow and cord-blood grafts did not differ
according to age, type of leukemia, or other prog-
nostic variables we studied.

An HLA mismatch is perhaps the strongest risk
factor for GVHD and other outcomes after bone
marrow transplantation. The association of HLA
disparity with GVHD after cord-blood transplanta-
tion is less clear.®1%*® We did not observe differ-
ences in outcome between transplantations that
involved cord blood mismatched for one and two
HLA antigens; this finding contrasts with our re-
cent analysis in which an increasing HLA dispari-
ty in children was associated with worse outcomes
after transplantation of cord blood (unpublished
data). However, in that study, overall outcomes were
better, the number of patients was larger, doses of
nucleated cells were higher, and the range of HLA
disparity was wider (from 0 to 3 antigens). All of
these factors may have produced an effect that
was easier to detect. Most of the cord-blood grafts
(77 percent) in the current study were mismatched
at two HLA loci; the relatively small number mis-
matched at one HLA locus gave the study low sta-
tistical power to detect an effect of the number of
mismatches. Moreover, the definition of an HLA
match in this study included only six HLA loci and
low-resolution typing for class I antigens. This is
how cord-blood units were typed and selected dur-
ing the study period, but bone marrow donors were
often selected with the use of criteria that included
high-resolution typing for 8 or 10 HLA antigens. It
may be that undetected mismatches also decreased
our ability to find an effect of the HLA matching.
Further analysis of larger numbers of patients, with
the use of more sensitive typing techniques, will be
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necessary before we can conclude that increasing
HLA disparity does not affect the outcome of cord-
blood transplantation in adults.

A major limitation to the use of cord-blood grafts
in adults is the concern that these grafts have an
insufficient number of precursor cells as compared
with bone-marrow grafts. Reports of cord-blood
transplantation in adults suggest that hematopoi-
etic recovery is faster with higher cell doses.*6"18
The median dose of nucleated cells in our study was
2.2x107 per kilogram of body weight, which is sim-
ilar to that reported in other studies, and the rates
of neutrophil and platelet recovery were lower with
cord blood than with bone marrow. However, we
did not find a significant effect of the cell dose on
the rates of mortality and treatment failure among
cord-blood recipients. The range of doses was rela-
tively narrow (80 percent of patients received a dose
ofless than 3.0x107 per kilogram), which may have
precluded the detection of a cell-dose eftect.

We observed, as others have, that the propor-
tion of deaths related to infection was higher soon
after cord-blood transplantation than after trans-
plantation of HLA-matched and mismatched bone
marrow — a difference that is possibly the result
of slower myeloid recovery.*»*> Although infec-
tions were more common with transplantation of
cord blood, the distribution of types of infection
did not differ significantly among recipients of
HLA-matched marrow, mismatched marrow, and
cord blood. Others have also reported delayed neu-
trophil and lymphocyte recovery and higher rates
of bacterial infections in the early post-transplan-
tation period (i.e., less than 50 days) in the case of
cord blood, with overall rates of infection at later
times being similar to those for marrow transplan-
tation.*® Several ongoing studies are attempting to
improve hematopoietic recovery and thereby de-
crease infection in the early period after cord-blood
transplantation.?>™2®

All aspects of the transplantation regimen, in-
cluding the choice of graft type, were determined
by the transplantation centers. A higher proportion
of cord-blood recipients than marrow recipients
had advanced leukemia at the time of transplanta-
tion, which probably reflects a practice of using
these grafts in patients with limited treatment op-
tions. Any observational study that compares dif-
ferent interventions is subject to bias owing to the
complex criteria for selection that underlie the
choice of intervention, and our study is no excep-
tion. However, our ability to adjust for key risk fac-
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Figure 2. Adjusted Probability of Leukemia-free and Overall Survival
after Bone Marrow and Cord-Blood Transplantation.
The adjusted probability of three-year survival without a recurrence of leuke-
mia (Panel A) was 19 percent for recipients of mismatched marrow, 23 percent
for recipients of cord blood, and 33 percent for recipients of HLA-matched
marrow. The probability of overall survival at three years (Panel B) was 20 per-
cent for recipients of mismatched marrow, 26 percent for recipients of cord
blood, and 35 percent for recipients of HLA-matched marrow. Probabilities
were adjusted for age, disease status at transplantation, and positivity for
cytomegalovirus in the donor, recipient, or both.

tors made a controlled (though not randomized)
comparison possible. The results supporta standard
of care in which transplantation of HLA-matched
marrow is performed when a donor is available in
a timely manner. In the absence of such a donor,
cord blood mismatched for one or two antigens or
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Table 3. Causes of Death, According to Type of Transplant.*
Cause Early Death Late Death
Mismatched Mismatched Matched Mismatched Mismatched Matched
Cord Blood Marrow Marrow Cord Blood Marrow Marrow
(N=85) (N=46)  (N=127) (N=32) (N=19)  (N=120)
percent of patients
Primary disease 17 13 18 22 26 45
Graft-versus-host disease 8 15 19 9 11 11
Interstitial pneumonitis 5 22 13 6 26 8
Infection 45 24 21 35 26 20
Organ failure 14 13 19 19 11 8
Other 11 13 10 9 0 8

* Early death was defined as death that occurred during the first 100 days after transplantation, and late death as death

more than 100 days after transplantation.

marrow grafts mismatched for one antigen are ac-
ceptable alternatives and have similar outcomes.
The rapid availability of a unit of cord blood (i.e.,
after a median of 13.5 days)?® may be a particular
advantage for patients who require urgent trans-
plantation. The slow rate of hematopoietic recovery
remains a major deterrent to the use and success of
cord-blood transplantation in adults, and novel
strategies to overcome this obstacle are needed.
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