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A

 

BSTRACT

 

Background

 

A program for banking, characteriz-
ing, and distributing placental blood, also called um-
bilical-cord blood, for transplantation provided grafts
for 562 patients between August 24, 1992, and Janu-
ary 30, 1998. We evaluated this experience.

 

Methods

 

Placental blood was stored under liquid
nitrogen and selected for specific patients on the ba-
sis of HLA type and leukocyte content. Patients were
prepared for the transplantation of allogeneic hema-
topoietic cells in the placental blood and received
prophylaxis against graft-versus-host disease (GVHD)
according to routine procedures at each center. 

 

Results

 

Outcomes at 100 days after transplanta-
tion were known for all 562 patients, and outcomes
at 1 year for 94 percent of eligible recipients. The cu-
mulative rates of engraftment among the recipients,
according to actuarial analysis, were 81 percent by
day 42 for neutrophils (median time to engraftment,
28 days) and 85 percent by day 180 for platelets (me-
dian, day 90). The speed of myeloid engraftment was
associated primarily with the leukocyte content of
the graft, whereas transplantation-related events were
associated with the patient’s underlying disease and
age, the number of leukocytes in the graft, the de-
gree of HLA disparity, and the transplantation center.
After engraftment, age, HLA disparity, and center
were the primary predictors of outcome. Severe acute
GVHD (grade III or IV) occurred in 23 percent of pa-
tients, and chronic GVHD occurred in 25 percent. The
rate of relapse among recipients with leukemia was
9 percent within the first 100 days, 17 percent within
6 months, and 26 percent by 1 year. These rates were
associated with the severity of GVHD, type of leuke-
mia, and stage of the disease. 

 

Conclusions

 

Placental blood is a useful source of
allogeneic hematopoietic stem cells for bone mar-
row reconstitution. (N Engl J Med 1998;339:1565-77.)
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RANSPLANTATION of hematopoietic stem
and progenitor cells from placental blood,
also called umbilical-cord blood, from un-
related donors can restore the function of

bone marrow and sustain hematopoietic recovery in
both related and unrelated recipients.
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 For patients
for whom no suitable related donor is available, this
source of hematopoietic stem cells offers substantial
advantages, notably the relative ease of procurement;
the absence of risk to the donor; the small likelihood
of transmitting clinically important infections, espe-
cially cytomegalovirus (CMV) and Epstein–Barr virus
(EBV); the low risk of severe graft-versus-host disease
(GVHD)
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; and the rapid availability of placental
blood to transplantation centers.
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 The reduced se-
verity of GVHD after the infusion of allogeneic pla-
cental blood, as compared with transplantation of
bone marrow from unrelated donors, permits the use
of transplants from HLA-mismatched donors and im-
proves the odds of finding donors for patients with
uncommon tissue types. Our efforts to make placen-
tal blood available for transplantation began in 1992,
with the creation of the Placental Blood Program at
the New York Blood Center.
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 As of June 1998, the
program had provided 676 placental-blood grafts for
recipients unrelated to the donors. We assessed the
outcomes of all 562 transplantations performed from
August 24, 1992, through January 30, 1998, and ex-
amined factors related to the effectiveness of placen-
tal-blood transplantation.

T
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METHODS

 

Harvesting of Placental Blood and Collection of Data 
on Donors

 

Placental-blood units were collected from freshly delivered pla-
centas at Mount Sinai Medical Center and Brooklyn Hospital
Medical Center in New York. (A unit is the blood collected from
a single donor, after processing and testing.) Trained staff mem-
bers harvested blood from the placentas and obtained specimens
of the mothers’ blood and infants’ saliva, obtained informed con-
sent, and abstracted data from the mothers’ interviews and the
mothers’ and infants’ medical records.
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 For purposes of consent
and analysis, the mother was considered to be the donor. Vari-
ables identifying the donor are confidential and are available only
under special circumstances (such as the finding of a new trans-
missible disease in a placental-blood recipient) to project staff
members and public health authorities. Our procedures were ap-
proved by the institutional review boards of the New York Blood
Center and both hospitals.

 

Processing and Cryoprotection

 

Processing of placental-blood units began within 28 hours of
collection. The first 3687 units were cryopreserved by the addi-
tion of an equal volume of 20 percent dimethyl sulfoxide (Fisher
Scientific, Fair Lawn, N.J.).
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 In subsequently collected units, the
volume was reduced to 20 ml by removal of excess plasma and
red cells before cryopreservation with 5 ml of 50 percent dimeth-
yl sulfoxide (Cryoserv, Research Industries, Salt Lake City) in
5 percent dextran 40 (Baxter Healthcare, Deerfield, Ill.), in the
cold.
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 Units were immersed in liquid nitrogen for storage, then
forwarded to the transplantation centers in special containers
called dry-shippers (at temperatures below ¡145°C) by over-
night-delivery services or by transplantation-center personnel. The
recommended thawing procedure has been described previously.
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Testing and Typing of Placental Blood

 

In addition to routine serologic screening for infectious
agents,
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 placental-blood units and samples of the mothers’ blood
were tested for CMV-specific IgM antibodies (CMV-M EIA di-
agnostic kit, Abbott Laboratories, North Chicago, Ill.). After the
first 3890 units had been harvested, we began to collect saliva
samples from all newborns and cultured them for CMV by a
shell-vial method (carried out by Dr. Robert Pass, University of
Alabama, Birmingham).
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 HLA-A and B antigens were deter-
mined serologically.
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 HLA-DRB1 alleles were determined at
low-to-intermediate or high resolution in genomic DNA by hy-
bridization with allele-specific oligonucleotide probes after a
polymerase-chain-reaction (PCR) assay with a locus-specific or
group-specific primer. “Resolution” refers to the capacity of the
HLA-typing process to identify discrete alleles within a group
that encodes a common antigenic determinant. Low-resolution
DNA typing is similar in accuracy to serologic typing of HLA an-
tigens. All units were selected on the basis of the results of high-
resolution DRB1 DNA typing, except for the first 14. Tests for
hemoglobinopathies and other genetic diseases were performed
before transplantation, as determined to be appropriate, on the
basis of family history and ethnic background.

 

Selection of HLA-Matched Units

 

Units from donors who were matched with a potential recipi-
ent for at least five of the recipient’s six HLA-A, B, and DR an-
tigens at low resolution (5/6 of the possible matches) or, if re-
quested, for four of six antigens (4/6 of the possible matches)
were reported as candidate units, with blanks at the same locus
considered matches. The finding of such matching units is cur-
rently reported within 48 hours after the Placental Blood Pro-
gram receives a completed search-request form from a transplan-
tation center. The HLA types, including DRB1 alleles identified
at high resolution, of all patients and donors were confirmed by

our laboratory and, usually, also by the laboratory at the trans-
plantation center. Donors were selected by the physicians at the
transplantation center after review of the available options with
medical personnel at the Placental Blood Program.

 

Transplantation and Follow-up

 

Transplantation centers provided information on the diagnosis
and stage of disease for each recipient and used their own proto-
cols for cytoreduction and prophylaxis against GVHD. Centers
reported on the outcome of transplantation and any complica-
tions at periodic intervals during follow-up. Ambiguities in these
reports were resolved and missing data were obtained, whenever
possible, by contact between one or more of the investigators and
the staff at the transplantation center.

 

End Points

 

Data on outcomes for at least the first 100 days after transplan-
tation were received for the first 562 consecutive patients who re-
ceived placental-blood grafts. We evaluated the status of these pa-
tients at the last follow-up report (July 1997 through July 1998).
Hematopoiesis by donor cells was ascertained by testing for cells
with the donor’s HLA antigen, sex, or microsatellite markers, or
a combination, in the recipient’s blood. Myeloid engraftment was
defined as an absolute neutrophil count of 500 per cubic milli-
meter or higher on three consecutive days, and platelet engraft-
ment as a platelet count of 50,000 per cubic millimeter or higher
without transfusion support for seven consecutive days. Time to
myeloid or platelet engraftment was defined as the time required
to reach the first day of engraftment of the relevant cell.

Secondary graft failure was defined as the loss of an engrafted
transplant. Acute and chronic GVHD were diagnosed and graded
for each target organ and overall at each transplantation center.
Event-free survival denotes the post-transplantation period during
which the patient had not received a second graft (placental blood
or a bone marrow allotransplant or a frozen “backup” marrow au-
tograft) and had no signs of autologous reconstitution or relapse.
Transplantation-related complications were death, autologous re-
constitution, or infusion of a second graft. In the analysis of trans-
plantation-related events, data on patients who had relapses were
censored at the time of relapse to make this end point comparable
for leukemia or lymphoma and for non-neoplastic diseases.

 

Statistical Analysis

 

The proportion of patients who had engraftment at various
times, the incidence of transplantation-related events, and event-
free survival were estimated by the Kaplan–Meier method.
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 In
assessing the association of variables with the rates of event-free
survival, transplantation-related events, and relapse, we used the
generalized Wilcoxon (Breslow) statistic in univariate analyses (in
which comparisons are weighted according to the number of
patients at risk at each time point, a process that emphasizes the
early post-transplantation period). In univariate comparisons of
variables affecting the speed of engraftment, we used the non-
weighted log-rank statistic. Categorical data in cross-tabulation
tables were compared with use of Fisher’s exact test, Pearson’s
chi-square, or Mantel–Haenszel’s (linear-by-linear) chi-square, all
two-tailed, and logistic regression (for multivariate analysis). Mul-
tivariate analyses of time to engraftment and survival distributions
were performed with use of Cox logistic regression
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 under the
assumption of proportional hazards with all analyzed variables
in the model. All statistical analyses were carried out with soft-
ware from the Statistical Package for the Social Sciences (SPSS,
Chicago).

 

RESULTS

 

Collection of Placental Blood

 

Collection of placental-blood units began on
February 1, 1993; by June 30, 1998, 7705 units
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