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Cord blood (CB) hematopoietic stem cell transplantation can be
successful even if donor and recipient are not fully matched for
human leukocyte antigens (HLA). This may result from tolerance-
inducing events during pregnancy but to date this concept has not
been tested in CB transplantation. Hence we analyzed the impact
of fetal exposure to noninherited maternal antigens (NIMA) of the
HLA-A, -B antigens, or -DRB1 alleles on the outcome of CB trans-
plants. The 1,121 patients studied were transplanted for hemato-
logical malignancy with a single CB unit: 1,059 received grafts
mismatched for one or two HLA antigens. Of these patients, 79
patients had a mismatched antigen that was identical to a donor
NIMA, 25 with one HLA mismatch (MM), and 54 with two. If there
was a NIMA match, transplant-related mortality (TRM) was im-
proved, especially in patients >10 years (P � 0.012) as were overall
mortality and treatment failure (P � 0.022 and 0.020, respectively,
in the older subset), perhaps related to improved neutrophil
recovery, especially in patients who received a low total nucleated
cell (TNC) dose (P � 0.031). Posttransplant relapse rate also tended
to be reduced, especially in patients with myelogenous malignan-
cies given units with a single HLA mismatch (P � 0.074). These
findings represent unique evidence that donor exposure to NIMA
can improve survival in unrelated CB transplantation and might
reduce relapse, indicating that cord blood cells can mount an
antileukemic effect. By matching for donor NIMAs in search algo-
rithms of CB inventories, the probability of selecting a graft with
an optimal outcome will increase significantly.

cord blood transplantation � hematopoietic stem cell transplantation �
relapse reducing mechanisms � tolerance

Despite initial scepticism, cord blood (CB) has become a
widely accepted source of hematopoietic stem cells (HSC)

for transplantation and, thus, accounted for 22% of the unre-
lated HSC transplants worldwide in 2007 (www.worldmar-
row.org). This is not surprising because CB grafts offer many
advantages such as almost immediate access, no risk to the
donor, better representation of ethnic diversity, and, above all,
less stringent requirements for HLA matching of donor and
recipient, while the results can be similar (or even better in case
of fully matched CB grafts) to those obtained with adult donors
(1–5). Despite these advantages, CB transplantation has not yet
been universally accepted, because of three important limita-
tions: delayed engraftment, the small size of the current inven-
tory of available CB units (just over 380,000) as compared to 13
million marrow donor volunteers (www.BMDW.org), and the
inability to perform donor lymphocyte infusion (DLI) when a
leukemic relapse occurs after transplantation.

Even with less stringent HLA matching requirements, selec-
tion of CB grafts remains a challenge because of our inability to
predict which HLA mismatches (MM) will and which will not
jeopardize patient survival. An obvious area to explore is
whether in utero exposure to noninherited maternal antigens
(NIMA), as a result of two-way traffic of cells and molecules such

as soluble HLA antigens between mother and fetus during
pregnancy and consequent development of immunity and tol-
erance, may affect graft responses to recipient HLA (6–12). We
hypothesized that CB grafts with a NIMA match to the patient’s
mismatched antigen might have improved outcomes and, there-
fore, might guide us in selecting mismatched donors.

A large database is needed in retrospective studies to explore
possible effects of NIMAs because informative donor–recipient
pairs (i.e., ones in which the mismatched antigen in the recipient
is identical to the respective NIMA antigen of the cord blood)
were not selected a priori but occurred only by chance. The New
York Blood Center (NYBC) National Cord Blood program has
accumulated a sufficiently large database of transplanted CB
units with the HLA typing of their respective donor mothers to
provide data for initial answers to the above question. We,
therefore, analyzed the outcomes of the 1,121 patients trans-
planted with a single NYBC CB for hematological malignancies,
including myelodysplasia (MDS). Our primary study end point
was transplant-related mortality (TRM) with secondary end
points of neutrophil and platelet engraftment, acute and chronic
graft vs. host disease (GVHD), relapse, overall mortality and
treatment failure [relapse or death, the inverse of disease-free
survival (DFS)]. Although the number of patients with a NIMA
match analyzed is small, the results already suggest that, for
patients who can find only mismatched CB units, choosing a CB
unit with a NIMA identical to their own mismatched antigen(s)
will improve outcome.

Results
Almost half of the patients in this study had a non-Caucasian
background, 29% were 16 years of age or older, 22% suffered
from advanced stage acute lymphoblastic leukemia (ALL), acute
myeloid leukemia (AML), or chronic myeloid leukemia (CML)
(see Table S1). Most received myeloablative conditioning (78%
of which was total body irradiation or busulfan based) and nearly
all received a calcineurin inhibitor for GVHD prophylaxis. A
total of 62 recipients received CB units that were HLA matched
(6%). Among the 1,059 patients with mismatched grafts, 79 (7%)
received a mismatched unit that had a NIMA that was identical
to a mismatched antigen of the recipient. The latter are referred
to as ‘‘NIMA matched transplants’’ (NMTs). The remaining 980
mismatched grafts had no NIMA match because either the
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NIMA was not identical to the patient’s mismatched antigen (the
majority of cases) or the patient or donor mother was homozy-
gous at the mismatched locus (see Table S2). Together these are
referred to as ‘‘no NIMA match transplants’’ (no-NMTs). Except
for a higher proportion of high risk leukemia in NMTs with 2
HLA mismatches (P � 0.038), NMTs did not differ from the
no-NMT group at the same HLA mismatch level in patient,
treatment, or graft characteristics (Table S1). There were no
significant differences between recipients of units with zero or

one HLA mismatch, but recipients with two HLA mismatches
were more likely to be older, have African ancestry, high risk
leukemia, and to have received a lower TNC dose.

Relative risk comparisons for outcome end points are shown
in Table 1, separately for pairs with zero or one HLA MM, with
two HLA mismatches and pooling all cases together. The 3-year
cumulative probability of TRM was 46% and was lower in NMT
pairs than in the no-NMT pairs (P � 0.034), was especially
apparent in patients 10 years of age or older (P � 0.012), and

Table 1. Multivariate analyses of relative risk of study end points in patients with hematological malignancies with cord blood grafts
having zero, one, or two HLA-A, -B, -DRB1 mismatch by match for a noninherited maternal antigen

End point

Zero or one mismatch Two mismatches Zero, one, or two mismatches

N events/N
patients RR (95% CI) P value

N events/N
patients RR (95% CI) P value

N events/N
patients RR (95% CI) P value

Transplant-related mortality in 3 years
Zero HLA mismatch 11/62 0.4 (0.2–0.7) 0.004 NA 11/62 0.4 (0.2–0.7) 0.004
HLA MM, NIMA match 7/25 0.6 (0.3–1.3) 0.170 25/54 0.7 (0.5–1.1) 0.101 32/79 0.7 (0.5–0.97) 0.034
HLA MM, no NIMA match 142/363 Reference 319/617 Reference 461/980 Reference

Subset �10 years old
Zero HLA mismatch 4/22 0.3 (0.1–0.8) 0.016 NA 4/22 0.3 (0.1–0.7) 0.011
HLA MM, NIMA match 3/10 0.4 (0.1–1.3) 0.131 17/31 0.6 (0.4–0.99) 0.048 20/41 0.6 (0.3–0.9) 0.012
HLA MM, no NIMA match 71/131 Reference 219/357 Reference 290/488 Reference

Overall mortality in 3 years
Zero HLA mismatch 22/62 0.5 (0.3–0.8) 0.002 NA 22/62 0.5 (0.3–0.8) 0.002
HLA MM, NIMA match 10/25 0.5 (0.3–1.02) 0.059 34/54 0.8 (0.5–1.1) 0.180 44/79 0.7 (0.5–0.97) 0.029
HLA MM, no NIMA match 218/363 Reference 406/617 Reference 624/980 Reference

Subset �10 years old
Zero HLA mismatch 8/22 0.4 (0.2–0.9) 0.021 NA 8/22 0.4 (0.2–0.8) 0.011
HLA MM, NIMA match 5/10 0.5 (0.2–1.3) 0.151 21/31 0.7 (0.4–1.04) 0.073 26/41 0.6 (0.4–0.9) 0.022
HLA MM, no NIMA match 93/131 Reference 260/357 Reference 353/488 Reference

Treatment failure (relapse or death) in 3 years
Zero HLA mismatch 25/62 0.5 (0.3–0.8) 0.003 NA 25/62 0.5 (0.3–0.8) 0.002
HLA MM, NIMA match 11/25 0.5 (0.3–1.00) 0.051 38/54 0.8 (0.6–1.2) 0.289 49/79 0.7 (0.6–0.99) 0.049
HLA MM, no NIMA match 231/363 Reference 429/617 Reference 660/980 Reference

Subset �10 years old
Zero HLA mismatch 8/22 0.4 (0.2–0.9) 0.021 NA 8/22 0.4 (0.2–0.8) 0.009
HLA MM, NIMA match 5/10 0.5 (0.2–1.2) 0.123 23/31 0.7 (0.4–1.04) 0.072 28/41 0.6 (0.4–0.9) 0.020
HLA MM, no NIMA match 97/131 Reference 274/357 Reference 371/488 Reference

Absolute neutrophil count (ANC) 500 by day 77 (not reported on 61 patients)
Zero HLA mismatch 51/59 1.7 (1.2–2.3) 0.001 NA 51/59 1.7 (1.2–2.3) 0.001
HLA MM, NIMA match 18/21 1.3 (0.8–2.1) 0.297 39/52 1.3 (0.95–1.9) 0.094 57/73 1.3 (1.01–1.7) 0.043
HLA MM, no NIMA match 254/345 Reference 421/583 Reference 675/928 Reference

Subset TNC dose �2.5 � 107/kg (not reported on 6 patients)
Zero HLA mismatch 14/15 5.2 (2.5–11.1) � 0.001 NA 14/15 3.8 (2.0–7.2) � 0.001
HLA MM, NIMA match 3/4 2.1 (0.5–9.4) 0.319 11/14 2.2 (1.1–4.3) 0.024 14/18 1.9 (1.1–3.3) 0.031
HLA MM, no NIMA match 48/72 Reference 90/147 Reference 138/219 Reference

Relapse in 3 years
Zero HLA mismatch 14/62 0.7 (0.4–1.3) 0.258 NA 14/62 0.7 (0.4–1.2) 0.225
HLA MM, NIMA match 4/25 0.4 (0.2–1.2) 0.100 12/54 1.1 (0.6–1.9) 0.830 16/79 0.8 (0.5–1.3) 0.336
HLA MM, no NIMA match 89/363 Reference 110/617 Reference 199/980 Reference

Subset of myelogenous malignancies
Zero HLA mismatch 9/33 0.7 (0.3–1.4) 0.299 NA 9/33 0.7 (0.4–1.5) 0.383
HLA MM, NIMA match 1/13 0.2 (0.0–1.2) 0.074 7/31 1.0 (0.4–2.1) 0.917 8/44 0.6 (0.3–1.2) 0.155
HLA MM, no NIMA match 54/193 Reference 67/343 Reference 121/536 Reference

Subset of other hematological malignancies
Zero HLA mismatch 5/29 0.8 (0.3–2.0) 0.616 NA 5/29 0.7 (0.3–1.8) 0.480
HLA MM, NIMA match 3/12 1.0 (0.3–3.2) 0.966 5/23 1.3 (0.5–3.3) 0.598 8/35 1.1 (0.5–2.3) 0.775
HLA MM, no NIMA match 35/170 Reference 43/274 Reference 78/444 Reference

RR, relative risk; MM, mismatch; NIMA, noninherited maternal antigen; CI, confidence interval; NA, not applicable; Reference, reference group.
Covariates included in multivariate models:
ANC 500: HLA mismatch level, TNC dose (log transformed continuous), GVHD prophylaxis (CSA � steroids vs. methotrexate vs. tacrolimus vs. other vs. unknown),
prior transplant (none vs. allogeneic vs. autologous vs. unknown), center experience (U.S. with �50 NYBC CB transplants vs. U.S. with �50 NYBC CB transplants
vs. non-U.S.) and year of transplantation (1993–2002 vs. 2003–2006).
Relapse: HLA mismatch level, diagnosis (ALL vs. AML vs. CML vs. other leukemia vs. MDS vs. other) and stage of disease at transplant (advance stage ALL, AML,
or CML vs. other stage/other diseases vs. unknown ALL, AML, or CML).
TRM,overallmortality,andtreatmentfailure:HLAmismatch level,TNCdose(logtransformedcontinuous),patientethnicity (Caucasianvs.non-Caucasianvs.unknown),
prior transplant (none vs. allogeneic vs. autologous vs. unknown), patient’s pretransplant antibody to cytomegalovirus (negative vs. positive vs. unknown), patient age
at transplant (�10 vs. �10 years old), stage of disease at transplant (advance stage ALL, AML, or CML vs. other stage/other diseases vs. unknown ALL, AML, or CML),
center experience (U.S. with �50 NYBC CB transplants vs. U.S. with �50 NYBC CB transplants vs. non-U.S.) and year of transplantation (1993–2002 vs. 2003–2006).
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tended to have a lower relative risk among those that had one
HLA mismatch (Table 1 and Fig. 1). Risks of overall mortality
and treatment failure also were reduced, more prominently in
the older patients (P � 0.022 and 0.020, respectively, Table 1).

The cumulative probability of myeloid engraftment was 74%.
NMTs engrafted faster than no-NMTs and almost as fast as the
zero mismatched pairs, especially when unit TNC dose was low
(�2.5 � 107/kg) (Table 1 and Fig. 2). The NIMA association with
engraftment was seen in both patients whose grafts had one
HLA mismatch and in those that had two. Platelet recovery was
not associated with a NIMA match (see Table S3). Among
patients who engrafted, the cumulative incidence of grade 2–4
acute GVHD was 46% (25% for grade 3–4) and, among
engrafted patients who survived beyond day 100, the cumulative
incidence of chronic GVHD was 34%. Acute and chronic
GVHD incidence tended to be lower in NMTs but the difference
was not significant (Table S3).

The 3-year cumulative incidence of relapse was 22% and was
associated with diagnosis and stage of disease at transplant
(Table S3). Relapse rate tended to be lower in NMTs than in

no-NMT among patients with myeloid malignancies, especially
in those with one HLA mismatch (P � 0.074) and was lower than
that of the zero mismatched donor recipient pairs, although
these differences were not significant (Table 1 and Fig. 3).

Discussion
This is a unique study that demonstrates in unrelated CB HSC
transplantation that matching for the donor’s NIMA can im-
prove outcome and possibly lower the risk of leukemic relapse.
The identification of the NMTs in this study was done after the
transplants had been performed. Hence, NIMA matching was
not used in donor selection and, consequently, our number of
NIMA matches is low. However, availability of HLA typing of
CB unit mothers would permit the preferential selection
of NIMA matched grafts (as we plan to do) and should rapidly
increase the number of NMT cases available to extend and
confirm or refute the results of our study.

In general, NIMA match effects were more apparent in
patients who were predicted to have a worse outcome and were
seen in both one and two HLA mismatches, although tending to
be stronger in those with one mismatch (Table 1). Thus, trans-
plant-related mortality was reduced in NMT recipients, most
significantly in older patients. While this study did not establish
the mechanism, improved TRM in NMT may be related to
improved engraftment seen in these recipients, especially in
those whose CB unit had a TNC dose of �2.5 � 107/kg (91% of
whom were also in the older age group). As a consequence of
improved engraftment and TRM, overall mortality and treat-
ment failure were reduced for NMT recipients.

The incidence of severe acute and chronic GVHD in our CB
recipients was similar to rates reported in other series (3–5) but
was not significantly associated with matching for NIMA. This
observation is apparently discrepant with the findings of previ-
ous studies of NIMA matched haploidentical sibling HSC trans-
plants that exhibited reduced acute and chronic GVHD (12, 13)
and reports that reduced relapse (see next paragraph) is the
fringe benefit of increased GVHD (5, 14). However, our CB
cases are not comparable to the sibling transplants for the
following reasons: Haploidentical sibling donors share a com-
plete haplotype down to the allele level, facilitating MHC
restriction, in contrast to unrelated CB grafts that are only
phenotypically matched to the recipient (with only DRB1
matched to the allele level). Similarly, the NIMA is only phe-
notypically matched to the patient’s antigen in CB transplants,
but genotypically matched in the sibling-to-sibling transplants

Fig. 1. Probability of transplant-related mortality (TRM) for patients 10 years
of age or older. Zero HLA mismatch (MM) � 22; one MM/NIMA match � 10;
two MM/NIMA match � 31; one MM/no-NIMA match � 131; two MM/no-
NIMA match � 357.

Fig. 2. Time to absolute neutrophil count (ANC) �500/mm3 (at day 77) for
the subset of patients transplanted with a CB unit with TNC per kilogram of
body weight of �2.5 � 107. Zero HLA mismatch (MM) � 15; NIMA match � 18;
no-NIMA match � 219.

Fig. 3. Time to relapse for patients with myelogenous malignancies. Zero
HLA mismatch (MM) � 33; one MM/NIMA match � 13; two MM/NIMA match �
31; one MM/no-NIMA match � 193; two MM/no-NIMA match � 343.
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because donor and recipient share the same mother. Further-
more, the two mismatches in the sibling transplants were both
NIMA matches, whereas in the 54 CB cases only 1 had two
NIMA matches. Additionally, it has been shown recently that
regulatory T cells are more numerous and more easily upregu-
lated in CB (9)—hence the lower overall incidence of GVHD
after CB transplantation—whereas such T cells are fewer in the
adult donors. Further monitoring of anti-NIMA immunity and
regulator T cell activity pre- and posttransplant is needed to
evaluate these possibilities in CB transplantation. Chronic
GVHD can be a serious problem in NIMA mismatched hap-
loidentical-related transplantation (15), but was not increased in
our NMT CB recipients.

One of the most intriguing findings in our study was the low rate
of relapse in NMT pairs, a difference that approached significance
compared with no-NMTs in patients with myeloid leukemia or
MDS who had one HLA mismatch, suggesting that anti-NIMA
immunity might exist or was upregulated after reexposure to the
recipient mismatched antigen. This finding might be similar to the
observation that after haploidentical sibling NIMA mismatched
renal transplantation early acute rejection crises were significantly
increased as compared to similar, but noninherited paternal antigen
mismatched, renal grafts (16), and it is supported further by in vitro
findings discussed below. While these data need to be confirmed,
it might be appropriate to select HLA mismatched CB grafts with
a NIMA match preferentially for their antileukemic effect.
Whether infusion of NIMA matched CB units could also be used
for treatment of posttransplant relapse to obtain an effect similar
to that of DLI might also merit investigation (17).

In cadaveric renal transplantation of patients in whom the NIMA
was known, donor HLA-A mismatches that were identical to the
recipient’s HLA-A NIMA had also improved graft survival (18).
We did not see an association between engraftment or survival end
points and a specific NIMA matched locus in our own study.
However, the number of patients in each subset was small.

The authors recognize that the patients studied form a
heterogeneous group, in diagnosis, stage of disease, treatment,
and age. Nevertheless, these preliminary results indicate that
matching for cord blood NIMA could improve disease-free
survival and may reduce leukemic relapse in patients suffering
from hematological malignancy. Obviously, the precise molec-
ular and cellular mechanisms remain unclear from this clinical
study. The reduced relapse risk could indicate that the fetus
develops not only regulatory T cells but also modified CD4� T
cells that through the perforin pathway exert a ‘‘relapse reduc-
ing’’ effect, as suggested by preclinical studies (19). This concept
gets further support from CB studies. Mommaes et al. observed
that in man CD8� anti-minor histocompatibility antigens
(mHA) HA-1 cytotoxic T lymphocytes (CTL) identified in some
cord blood samples can be isolated, boosted with phytohema-
glutinin, and are capable of lysing mHA HA-1 positive target
cells in vitro (20). Such CD8� anti-mHA-1 CTLs have been
shown to be boosted after DLI and might be essential in inducing
a remission in patients with a leukemic relapse (21). Coexisting
mHA-specific CD8-expressing regulatory T cells and CTL were
described both in the nonphysiological setting of renal allograft
tolerance (22) and in the physiological setting of pregnancy (23).
Hence these, and recently described CD4� regulatory T cells,
which are induced during human pregnancy (9), are a logical
area for further exploration and might be the explanation for the
observation of reduced relapse without increased GVHD.

Many questions remain unanswered. Further studies are needed
to assess more fully the benefit in grafts with two mismatches, those
with either a single or two NIMA matches. The effect in double unit
transplants would also be of interest as might be the impact of high
resolution typing for HLA-A, -B, and matching for HLA-C, -DQ,
and perhaps even -DP on the outcome of NMT. Likewise, the
quantitative and qualitative aspects of microchimaerism (24), the
effect of matching for NK ligands and NK alloimmunity should be
assessed (25, 26) and the effect of homozygosity at one or more loci

Table 2. HLA-A, -B, and -DRB1 virtual phenotypes

CB unit: A2 A24 B7 B65 DR0102 DR1501

A-NIMA A-IMA B-NIMA B-IMA DR-NIMA DR-IMA
Mother: A1 A24 B57 B65 DR1305 DR0102

Virtual phenotypes with one substitution
VP1: A1 A2 B7 B65 DR0102 DR1501
VP2: A1 A24 B7 B65 DR0102 DR1501
VP3: A2 A24 B7 B57 DR0102 DR1501
VP4: A2 A24 B57 B65 DR0102 DR1501
VP5: A2 A24 B7 B65 DR0102 DR1305
VP6: A2 A24 B7 B65 DR1305 DR1501

Virtual phenotypes with two substitutions
VP7: A1 A2 B7 B57 DR0102 DR1501
VP8: A1 A2 B57 B65 DR0102 DR1501
VP9: A1 A24 B7 B57 DR0102 DR1501
VP10: A1 A24 B57 B65 DR0102 DR1501
VP11: A1 A2 B7 B65 DR0102 DR1305
VP12: A1 A2 B7 B65 DR1305 DR1501
VP13: A1 A24 B7 B65 DR0102 DR1305
VP14: A1 A24 B7 B65 DR1305 DR1501
VP15: A2 A24 B7 B57 DR0102 DR1305
VP16: A2 A24 B57 B65 DR0102 DR1305
VP17: A2 A24 B7 B57 DR1305 DR1501
VP18: A2 A24 B57 B65 DR1305 DR1501

The virtual phenotypes (VP) are those that are created by substitution of one or more maternal NIMAs for
antigens at each respective locus of the cord blood unit’s HLA haplotype. Thus, a patient whose HLA-A, -B, and
-DRB1 type corresponds to VP1, for example, would have one HLA mismatch to this cord blood (CB) unit and a
match to the CB donor’s NIMA at the A locus. Maternal NIMAs are identified in bold.
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of the patient or CB unit and their effect in the NMT. In addition,
this study did not include patients with diseases other than hema-
tological malignancies.

Although much work lies ahead, our findings justify changing
the match algorithm for CB transplants to identify NIMA
matches as part of the CB unit selection process so that we can
provide patients with ‘‘permissive’’ HLA mismatched but NIMA
matched grafts predicted from this study to have an improved
outcome. Such mismatched units might be chosen preferentially
over other similar units, especially because there are no apparent
adverse effects associated with NIMA matching. To illustrate the
potential impact, Table 2 gives an example of the phenotypes
(what we will call ‘‘virtual phenotypes’’) for a CB unit based on
substitutions of donor antigens for NIMAs at the HLA-A, -B,
and -DRB1 loci. For a unit and mother with six identified
antigens at these three loci, a single substitution produces six new
virtual phenotypes, increasing the number of optimal CB units
sixfold. Allowing for two NIMA substitutions for grafts with two
HLA mismatches would increase these units by up to 18-fold. In
practice, the actual increase will be lower because of duplicates
or cases when mother and donor share the same antigens at a
given locus or the patient or donor mother is homozygous. Even
in the case of one HLA mismatch, however, the proposed
strategy for CB unit selection might well resolve the problem of
the small size of the presently available CB inventory. A 6-fold
increase in the probability of finding an optimal unit (i.e.,
HLA-matched or one HLA mismatch with a NIMA match), for
example, would be equivalent to expanding the effective current
world inventory to over 2 million units.

Materials and Methods
Patients. Consecutive patients with hematological malignancy who were
transplanted with a single CB unit from the NYBC National Cord Blood
program between 1993 and 2006 were eligible for this study (n � 1,407).
Recipients of grafts with three or four HLA antigen mismatches were
excluded because of small numbers (85 and 5, respectively) and the fact
that such units are now rarely selected as CB inventories have grown.
Additionally, 7 patients were excluded because of inadequate HLA typing
and 49 had no HLA typing of the donor mother. Patients signed an
informed consent for CB transplantation at the respective transplant cen-
ters; the NYBC program operates under an investigational new drug
exemption from the U.S. Food and Drug Administration.

Transplant centers provided data on patient demographics, diagnosis, and
stage of disease at the time of transplant, conditioning regimen, prophylaxis for
GVHD, and posttransplant events. Transplant and follow-up reports were re-
viewedforcompletenessandconsistencybyoneofthecoauthors (A.S.).Outcome
data included information on myeloid and platelet engraftment, tests for donor
chimerism, occurrence and severity of acute and chronic GVHD, relapse, survival,
and causes of death. Of 1,261 eligible patients, 1,121 (89%) have had outcome
data reported. Among survivors, median follow-up was 27 months. Patients with
ALL, AML, or CML were classified as low, intermediate, or high risk using Inter-
national Bone Marrow Transplant Registry criteria.

Cord Blood Units. Methods for collecting, testing, processing, freezing, and
storage of cord blood units have been described in detail previously (1, 2).
Mothers signed institutional review board-approved informed consent to
donate their babies’ cord blood to the NYBC program.

Assignment of Patient–Donor Match Level and NIMA Match. CB units and donor
mothers were typed for HLA-A, -B, and -DRB1 using serological and DNA
methods. CB units were selected on the basis of TNC dose and HLA match.
Match grades for HLA-A and -B were assigned at low–intermediate reso-
lution level (antigen level) and for DRB1 at high resolution (allele level) and
were expressed as 0, 1, or 2 antigen mismatched. Among patient/donor
pairs that were HLA mismatched, we evaluated whether the patient’s
mismatched antigen(s) matched that of the donor’s NIMA at the mis-
matched loci. Table 2 shows the HLA typing of a CB unit and the donor
mother for one of our study cases (see Table S2 for additional examples).

When the NIMA at one or more loci matched to the patient’s mismatched
antigen, the case was assigned to the NMT group. There were a total of 79
cases with a NIMA match: 25 among patient– donor pairs with a single HLA
mismatch and 54 with 2 mismatches (53 with a single NIMA match and 1
with 2 NIMA matches). In the case shown in Table 2, the patient’s HLA type
was the same as the second virtual phenotype (VP2). When the patient’s
mismatched locus was homozygous (88 of 1,597 mismatched loci), the pair
was considered not to have a NIMA match because there was no patient
antigen for the NIMA to match to. These cases were included in the no-NMT
group. Similarly, when the mother was homozygous at the mismatched
locus (170 of 1,597), the pair was categorized as no-NMT.

Transplant Outcome End Points. Definitions of study end points followed
standard conventions (2–5). Time to myeloid engraftment was defined as the
first of 3 consecutive days of absolute neutrophil cell count of 500/�L (ANC
500) of donor-derived cells; analyses were limited to the first 77 days post-
transplant. Analyses of acute GVHD were based on those reported as grade
2–4 (transplant center assessment) and of chronic GVHD combining limited or
extensive disease. If no date for onset of acute GVHD was provided, the
average reported time (28 days) was assigned (n � 94). Onset of chronic GVHD
was assigned to day 100 posttransplant if no date was provided. The proba-
bility and risk of acute GVHD was assessed only in patients who engrafted and
of chronic GVHD only in those who engrafted and survived to day 100
posttransplant. TRM was defined as any death after transplant while the
patient was in remission. Overall mortality was based on deaths from all
causes. Treatment failure was defined as death or relapse, whichever came
first, and was the inverse of disease-free survival.

Data Analysis and Statistical Methods. Differences between categorical vari-
ables were estimated by �2 or Fisher’s exact test (two-tailed) and between
means by Student’s t test. The probabilities of death and treatment failure
were calculated by the Kaplan-Meier method. For other end points that had
competing outcomes, event-specific hazard functions and free-from-event
survival rates were calculated to obtain event-specific cumulative incidence
rates (27). For myeloid and platelet engraftment, death was the competing
event. For GVHD and relapse, the competing outcomes were graft failure
(documented autologous reconstitution or subsequent transplant following
CB graft failure) or death, whichever came first. Relapse was the competing
outcome for TRM and death was the competing outcome for relapse. The Cox
proportional hazard model was used to estimate relative risks of outcome end
points in uni- and multivariate analyses (28). Initial multivariate models in-
cluded variables already reported as associated with outcome of cord blood
transplantation (patient age, sex, ethnicity, diagnosis, stage of ALL, AML, and
CML, prior transplantation, conditioning regimen, GVHD prophylaxis, year of
transplantation, and transplant center experience, as well as CB unit HLA
match and total nucleated cell dose per kilogram of patient weight). To
account for possible effects of transplant center experience with CB trans-
plantation, U.S. centers that had given �50 patients cord blood units from our
program were grouped together for comparison with patients transplanted in
other U.S. and non-U.S. centers. We performed subset analyses on the basis of
myelogenous and nonmyelogenous diseases because of reported stronger
graft vs. leukemia effects in myelogenous malignancies. We also performed
analyses on subsets predicted to have a worse outcome (i.e., donor/recipient
pairs with low TNC dose and older patients), reasoning that potential benefits,
if any, should be most apparent in these patients. High risk TNC (�2.5 �
107/kg) and age (�10 years) categories were established by dividing the study
population into 10 equal groups and identifying the cut point for engraft-
ment and survival end points, respectively. A stepwise backward regression
model was applied on the whole data set, where only variables of interest
(HLA and NIMA match) were forced to remain in the model.
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