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INTRODUCTION

Umbilical-cord blood transplantation (UCBT)
has extended the availability of allogeneic hemato-
poietic stem-cell transplantation (HSCT) to pa-
tients who would otherwise not be eligible for this
curative approach. Since the first successful
UCBT from an HLA-identical sibling in a child
with severe Fanconi’s anemia reported by Gluck-
man et al. in 1989,1 the number of UCB trans-
plants from siblings and unrelated donors has in-
creased dramatically, and between 3,000 to 6,000
patients have undergone UCBT from unrelated do-
nors thus far.2

In Japan, nowadays, approximately 50% of HSCT
from unrelated donors are being performed with cord
blood cells (T. Takahashi, personal communication).
In comparison with other sources of allogeneic
HSCT, UCB offers substantial logistic and clinical
advantages such as:

1. Significantly faster availability of banked cr-
yopreserved UCB units, with patients recei-
ving UCB transplantation in a median of 25-
36 days earlier than those receiving BM.3,4

2. Extension of the donor pool due to tolerance of 1-2
HLA mismatch.

3. Lower incidence and severity of acute graft-ver-
sus-host disease (GVHD).

4. Lower risk of transmitting infections by latent vi-
ruses, such as cytomegalovirus (CMV) and Eps-
tein-Barr virus (EBV).

5. Lack of donor attrition.

6. Lack of risk to the donor and higher frequency of
rare haplotypes compared to bone marrow regis-
tries.5

The disadvantages of UCBT are:

1. The low number of hematopoietic progenitor cells
and HSCs in UCB compared with BM or mobili-
zed PB, that translates in increased risk of graft
failure and delayed hematopoietic engraftment.

2. The impossibility of using donor lymphocyte
transfusion for immunotherapy.

In this review, we will focus on recent clinical re-
sults and new innovative strategies developed to im-
prove outcomes after UCBT and extend the use of
this exciting source of HSCs to a larger number
of patients in need.

CLINICAL EXPERIENCE
WITH UMBILICAL-CORD

BLOOD TRANSPLANTATION

Umbilical-cord
blood transplantation

from related donors

Related UCBT has been performed almost exclusi-
vely in children. In an update of the Eurocord expe-
rience with a median follow-up of 41 months after re-
lated UCBT for children, the survival estimate at
3-years was 47 ± 5% in patients with malignancies
(n = 96), 82 ± 7% in patients with bone marrow fa-
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ilure (n = 33), 100% in patients with hemoglobinopa-
thies (n = 52), and 70 ± 15% (n = 10) in patients with
inborn errors of metabolism or primary immunodefi-
ciency [Eurocord unpublished data]. For children
with malignancies, 3-year overall survival was 71 ±
12% for early phase of the disease (first complete re-
mission of leukemia), 45 ± 7% for those in interme-
diate phase of the disease (second complete remis-
sion) and 24 ± 7% for those with advanced phase of
the disease. A joint study by the Eurocord and Inter-
national Bone Marrow Transplant Registry6 has
compared the outcome of 113 children who received
UCB from HLA-identical siblings with that of 2,052
children who underwent HLA-identical sibling BM
transplantation (BMT). UCB transplants recipient
had slower recovery of neutrophils and platelets and
lower risk of acute and chronic GVHD. Interestingly
relapse-related deaths, mortality rate at 100 days af-
ter transplantation and overall survival were not
significantly different between two groups.7 Al-
though longer follow-up is required, these findings
suggest that in the HLA-identical sibling setting
UCBT is as useful as BMT in children.

The Eurocord group has also reported specific
results of related UCBT for 44 patients with Tha-
lassemia and Sickle cell disease (SCD).8 All do-
nors were HLA matched with the patients, except
3 who were HLA-A disparate. No patient died and
36 out of 44 children remain disease-free, with a
median follow-up of 24 months (range 3-76). Only
one patient with SCD did not have sustained do-
nor engraftment as compared to 7 out of the 33
patients with thalassemia. Three of these 8 pa-
tients had sustained donor engraftment after a
subsequent allogeneic BMT from the same donor.
Four patients experienced grade II acute GVHD
and only 2 out of the 36 patients at risk developed
limited chronic GVHD. The 2-year probability of
disease-free survival is 79% and 90% for patients
with thalassemia and SCD, respectively. Use of
MTX for GVHD prophylaxis was associated with
a greater risk of treatment failure [Hazard ratio:
6.2 (95% Confidence interval: 1.5-26); p = 0.01].
Therefore, related UCBT in patients with hemog-
lobinopathies offer a probability of success compa-
rable to that offered by BMT and is associated
with a lower risk of both TRM and chronic
GVHD.9 Based on these results we recommend to
collect and freeze cord blood units in families
where a child is affected with genetic or hematolo-
gical diseases.

Most of the related cord blood units come from lo-
cal hospitals where patients or families have been fo-

llowed up, however logistics for establishing related
cord blood banking, optimal criteria and procedures
for collecting and freezing related cord blood units
have just began to be discussed.10

Umbilical-cord blood
transplantation from unrelated

donors in children

Several series reported in the literature10-18 have
shown that unrelated donor UCBT in children was
able to reconstitute hematopoiesis and achieve sus-
tained engraftment in most cases; was associated
with a low incidence of GVHD; and did not result in
a higher relapse risk. Almost all pediatric series on
UCBT from unrelated donors have demonstrated the
profound impact of cell dose, measured as total nu-
cleated cells,6,10,11,18,19 colony-forming cells,20,21

CD34+ cells,14,15,19 and nucleated red blood cells20 on
engraftment,14,15,19,20,22 adverse transplant-related
events10,20,22 and survival.14 Although the prognostic
importance of HLA disparity was not clearly recogni-
zed in earlier series, it became apparent in recent
updates.14,19

Recently, results of unrelated UCBT in children
with specific diseases have been reported.10,17

Eurocord group has reported prognostic factors
and outcomes of UCBT from unrelated donors for
children with AML.10 We analyzed 95 children re-
ceiving UCBT for AML (20 in CR1, 47 in CR2 and
28 in more advanced stage). Poor prognosis cytoge-
netic abnormalities were identified in 29 cases.
Most patients received a 1 or 2 HLA antigens mis-
matched transplant. The median number of collec-
ted or frozen nucleated cells (NC) was 5.2 x 107/kg.
Cumulative incidence of neutrophil recovery was
78 ± 4%, acute GVHD (grade II-IV) was 35 ± 5%
and 100-day TRM was 20 ± 4%. In multivariable
analysis, a collected NC dose higher than 5.2 x
107/kg (median cell dose) was associated with a lo-
wer 100-day TRM. The 2-year relapse rate was 29
± 5% and it was associated with disease status.
The 2-year Leukemia free survival (LFS) was 42 ±
5%, (59 ± 11 % in CR1, 50 ± 8% in CR2, and 21 ±
9% for children not in CR). Children with poor
prognosis cytogenetic had similar LFS compared
to other patients (44 ± 11 % vs. 40 ± 8 %). In CR2,
LFS was not influenced by the length of CR1 (53 ±
11% in CR1  <  9.5 months compared to 50 ± 12%
in later relapses). These encouraging results show
that UCBT is a good therapeutic choice for chil-
dren with very poor prognosis AML and who lack
a related donor.
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Table 1.  Comparison of outcomes after UCBT and UBMT in children.

Barker (24) Barker (24) Rocha† (23) Dalle (4)

UCBT UBMT UCBT T-UBMT UCBT UBMT T-UBMT UCBT UBMT

Number of
patients 26 26 31 31 99 262 180 36 28

Methods Retrospective-matched Retrospective-matched Retrospective-statistical Retrospective-strategy
pair analysis ( single center)* pair analysis ( single center)* adjustment based comparison

(multicentric)o (single center)

Year of
transplantation 1994-99 1991-99 1994-99 1991-99 1994-98                  1996-2002

Diagnosis Mal ignanc ies Mal ignanc ies Mal ignanc ies Mal ignanc ies ALL/AML ALL/AML ALL/AML Mal ignanc ies Mal ignanc ies
others others others others others others others

Median age 4.5 4.7 5.8 6.8 6.0 8.0 8.0 7.5 6.8
(range) (< 18) (< 18) (< 18) (< 18) (< 15) (< 16) (< 16) (< 20) (< 21)

HLA-matched
(6/6) 19% 100% 13% 100%11 8% 80.5% 54% 6% 100%
5/6 46% 71% 43% 17.6% 34% 50% -
4/6 31% 16% 41% 0.4% 6% 44% -
3 and 2/6 4% 7% 1%

Median NC
infused x 108/kg 0.3 2.0 0.3 0.5 0.38 4.2 3.8 0.43 4.3

MTX for
GVHD
prophylaxis No Yes No No 18% 83% 34% 77% 100%

Probability of 88% 96% 85% 90% 80% 96% 90% 61% 82%
engraftment (at day 45) (at day 45) (at day 60) (at day 30)

Median days
ANC recovery 29 22 27 14 32 18 16 28 24

Median days
PT recovery 66 30 61 59 81 29 29

Acute GVHD
of grade ≥ II 42% 35% 36% 35% 35% 58% 20% 13% 4%

1 or 2 years
chronic GVHD 5% 20% 7% 13% 25% 46% 12% -

Day 100 TRM 27% 15% 23% 16% 39% 19% 14% 27% 11%

2 or 3 years
overall survival 53% 41% 52% 56% 35% 49% 41% 59% 57%

2 years
disease-free
survival - - 31% 43%    37%

Results of UCBT Delayed time to engraftment, Delayed time to engraftment, Delayed time to and probability of Delayed time to and
compared to T however probability however probability engraftment, decreased acute probability of engraftment.
cell depleted was  not different. was  not different. and chronic GVHD and higher Similar acute GVHD
(T-UBMT) or Similar acute and chronic Similar acute and chronic early TRM compared to UBMT Similar TRM and Survival.
unmanipulated GVHD. GVHD. Relapse rate, long term LFS and
(UBMT) Similar TRM and Survival. Similar TRM and Survival. survival similar to UBMT.

Footnote: *Matched for age, diagnosis and disease risk.o Significant differences in age, diagnosis, and disease risk.+ Differences between groups not reported
UCBT: unrelated donor umbilical cord blood transplantation; UBMT: unrelated donor bone-marrow transplantation; TUBMT: T-cell-depleted unrelated donor
bone marrow transplantation; HLA: human leukocyte antigen; NC: nucleated cells; UCB: umbilical cord blood; MTX: methotrexate; GVHD: graft-versus-host
disease; ANC: absolute neutrophil count; PT: platelets; TRM: transplant-related mortality.
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More recently, the group of Duke University
has reported outcomes of 20 children with
Hurler’s syndrome given UCBT.17 Median time
from starting the search process and conditioning
was only 41 days. The median nucleated cell dose
infused was 6.77 x 107/kg and all except one pa-
tient received an HLA mismatched CB graft. All
available patients engrafted, five patients had acu-
te GVHD grade II or III, and none had chronic
GVHD. Event-free survival was 85% with improve-
ment of neurocognitive performance and decreased
somatic features of Hurler’s syndrome.17 These re-
sults showed that UCBT should be considered in
young children with genetic and metabolic disea-
ses in which time from diagnosis to definitive
treatment may represent a crucial period in which
to prevent further progression of the disease a rea-
dily available source of stem-cells is extremely
desirable.

Umbilical-cord
blood transplantation

compared to bone marrow
from unrelated donors in children

The comparison of the results of UCBT and BMT
from unrelated donors in children is of paramount
relevance, because for many patients the search
process will identify both UCB units and UBM do-
nors. Three published studies: two single-center
studies and Eurocord registry series, have reported
retrospective analyses comparing outcomes after
UCBT and UBMT in children4,23,24 (Table 1). Brie-
fly, in these 3 studies, recipients of UCBT were
transplanted in a shorter time compared to chil-
dren given an UBMT, neutrophil and platelet reco-
very were delayed, acute GVHD decreased and ove-
rall survival was not significantly different after
UCBT compared to UBMT. The Eurocord group has
reported higher early TRM probably due to infectio-
ns related to delayed engraftment. It is important
to remark that all patients in the Eurocord series
were transplanted before 1998, period in which
UCBT was still considered as a last option for leu-
kemia treatment. These data1 strongly suggest that
UCB is an acceptable alternative to matched unre-
lated BM in children, and2 support the start of a si-
multaneous search for BM and UCB unrelated do-
nors. The final selection of unrelated donor BM
versus UCB should be based on the urgency of the
transplant, and the characteristics of the BM and
UCB unrelated donor such as cell dose and HLA
compatibility.

Umbilical-cord
blood transplantation

from unrelated donors in adults

Recent reviews focusing on the clinical results of
unrelated donor UCBT in adults are available.25-27 To
date, more than 1000 UCBT have been performed in
adults with a unit coming from the Netcord organiza-
tion,2 however the available information in this set-
ting is still limited to small series of patients.28-36 As
expected from retrospective and multicentric studies,
the series were heterogeneous in terms of recipients
and disease-related characteristics, such as type and
status of the disease at transplant.28,32,33 However,
single center reports more homogeneous series of pa-
tients and diseases with standard conditioning regi-
men and GVHD prophylaxis.29-31 For example, in the
Japanese series,30,31,34 the analysis are from a single
center, reporting patients with MDS or AML, with
homogeneous conditioning regimen (without ATG)
and use of methotrexate in combination with CsA as
GVHD prophylaxis. Another important difference is
that in 4 of the 6 series, the median number of nu-
cleated cells infused per kilogram of the recipient’s
weight was below 2 x 107/kg, and several patients re-
ceived less than 1.5 x 107 nucleated cells/kg, figures
that are below recent recommendations.14,19 However,
in the Japanese series, very few patients received a
cord blood cell dose inferior to 2 x 107NC/kg. Granulo-
cyte colony-stimulating factor was commonly used af-
ter UCBT in all series. The myeloid engraftment rate
at 60 days ranged from 80-100% and probability of
platelet engraftment at 180 days was 65-90%. Median
time to achieve a neutrophil count above 0.5 x 109/L
varied from 22 days to 32 days. There were large va-
riations of acute and chronic GVHD, TRM at 100
days (0 to 54%) and disease free survival (15% to
76%). It is difficult to explain the reason of such diffe-
rences since factors such as patients and cord blood
graft selection, disease and disease status, center
effect and period of transplant, may be involved. Mo-
reover studies of prognostic factors with larger series
of adults given an UCBT are still missing and any at-
tempt to explain the different outcomes among these
series is still premature.

Results of unrelated
cord blood transplants compared to

unrelated bone marrow transplants in
adults with hematological malignancies

Table 2 lists three retrospective studies recently pu-
blished comparing results of UCBT with UBMT in
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adults.34-36 Investigators from a single center in Japan
have compared the outcomes of 113 adult patients with
hematological malignancies who received unrelated
UBMT (n = 45) or unrelated UCBT (n = 68). In this
single center analysis time from donor search to trans-
plantation was significantly shorter among UCBT reci-
pients (median 2 months) compared to 11 months in
UBMT. Neutrophil and platelet recovery were delayed
in UCBT recipients. UCBT recipients experienced a ra-
pid tapering of immunosupressive drugs after trans-
plantation and treatment of acute GVHD with steroids
was less frequent. Moreover no UCBT recipient died of
GVHD, in spite of the high degree of HLA mismat-
ching. TRM and DFS after UCBT were superior when
compared to UBMT (Table 2). In this study, all but 4
patients received a cord blood cell dose superior to 2 x
107/kg.

The Acute Leukemia Working Party of EBMT in
collaboration with Eurocord has performed a retros-
pective comparison of 98 adults with acute leukemia
given an UCBT and with 584 unrelated bone ma-
rrow transplants (UBMT) performed between 1998
to 2002.35 Outcomes were compared using multiva-
riate analysis to adjust for confounding clinical fac-
tors. Recipients of UCBT were younger (median 24.5
versus 32 years, p  <  0.001), weighed less (median
58 versus 68 kg, p  <  0.001), had more advanced di-
sease at transplant (52 % versus 33%, p  <  0.001).
All UBMT were HLA-matched whereas 96% of
UCBT were HLA-incompatible (p  <  0.001). The me-
dian number of nucleated cord blood cells infused
was 0.23 x 108/kg compared with 2.9 x 108/kg nu-
cleated bone marrow cells (p  <  0.001). Multivariate
analysis demonstrated lower risks of grade II-IV acu-
te graft versus-host disease (GvHD) (Relative Risk
(RR) = 0.57, 95% Confidence Interval (95CI)  =  0.37-
0.87; p = 0.01) after UCBT, however neutrophil reco-
very was significantly delayed (RR = 0.49, 95CI =
0.41-0.58, p  <  0.001). Transplantation-related mor-
tality, relapse, chronic GvHD, and leukemia-free
survival were not significantly different between
UCBT and UBMT recipients.

In another registry-based analysis, Laughlin, et
al36 found inferior outcomes for patients with leuke-
mia given an UCBT, compared to HLA matched
UBMT, however similar outcomes were found when
UCBT was compared to 1 HLA mismatched UBMT
(Table 2).

The results of these 3 comparative studies gathe-
red together, in spite of their different results, and
although definitive conclusions will require larger
and homogeneous series of patients with longer fo-
llow-up, showed that:

1. UCBT is feasible in adults when a cord blood unit
contain a higher number of cells and should be
considered an option as an allogeneic stem-cell
source for patients lacking an HLA matched bone
marrow donor.

2. Despite increased HLA disparity, UCB from un-
related donors offers comparable results to mat-
ched UBM in adults with hematological malig-
nancies leading to the conclusion, as in children,
that the donor search process for BM and UCB
from unrelated donors should be started simulta-
neously especially in patients with acute leuke-
mia where the time factor is very important.

FUTURE PERSPECTIVES
OF UNRELATED DONOR CORD

BLOOD TRANSPLANTATION

To improve the results of unrelated donor UCBT,
the major aim of future research should focus on re-
ducing the time to hematopoietic recovery and trans-
plant related toxicity.

Accelerating
engraftment by increasing the

cell dose of umbilical-cord blood units

As shown above, cell dose of the UCB graft is of
capital importance in myeloid engraftment and sur-
vival after UCBT from unrelated donors. The nu-
cleated cell dose infused seems also to have a direct
relationship with T-cell recovery after transplant.37

Thus, to increase cell dose is a major subject of cu-
rrent research. Optimization of the process of UCB
collection, establishment of high-quality UCB banks,
and expansion of the pool of donors, which is particu-
larly relevant for ethnic and racial minorities, will
prove most valuable.4,38

Other innovative research strategies to augment
the dose of hematopoietic progenitor cells are ex vivo
expansion and transplantation of multiple UCB
units.

Two phase-1 clinical trials using expanded cord
blood cells have been reported.39,40 Both studies have
demonstrated the feasibility of ex vivo expansion but
there is a need for more efficient expansion protocols
and gene marking of expanded cells to evaluate their
capacity of engrafting. Other questions frequently
raised in the field of HSC expansion are the potential
of long term engraftment of expanded cells, the
need of adding other accessory cells such as T-cells
or mesenchymal cells, the best population of cells to
be expanded and the best combination of growth fac-
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Table 2. Comparison of outcomes after UCBT and UBMT in adults.

Rocha (35) Laughlin (36) Takahashi (34)

1 HLA HLA
UCBT HLA matched UCBT mismatched matched UCBT UBMT

UBMT dUBMT UMT

Number of patients 98 584 150 83 367 68 45

Methods Retrospective-statistical Retrospective-statistical Retrospective-strategy
adjustment (multicentric) adjustment (multicentric) based comparison

(single center)*

Year of transplantation 1998-2002 1996-2001 1997-2003

Diagnosis AML/ALL AML/ALL/MDS/CML ALL/AML/CML/NHL

Median age (years)
(range)or frequency 24.5 32 26% 29% 38% 26 36
> 40 years (15-55) (15-59) (16-50) (16-53)

HLA-matched (6/6) 6% 100%   0% 0% 100%   0% 87%
5/6   51% 23% 100% - 21% 13%-
4/6   39% 77% - - 54% -
3 and 2/6 4% - - - 25% -

Median NC infused x 108/kg 0.23 2.9 0.22 2.2 2.4 0.25 3.3

MTX for GVHD prophylaxis 9% 89% - - - 96%   98%

Probability of engraftment 75% 95% 69% 77% 90% 92% 100%
(day 42)

Median days ANC recovery 26 19 18 20 27 22 18

Median days PT recovery - - - - - 40 25
(13-99) (10-172)

Cumulative incidence
of acute GVHD of grade ≥ II 26% 39% - - - 50% 66%

Chronic GVHD 30% 46% 33% 71% 52% 77% 74%
(limited and extensive) (24mo) (24mo)

TRM 44% 38% - - - 9% 29%
(24mo) (24mo) (12mo) (12mo)

Overall survival 36% 42% - - - - -
(24mo) (24mo)

Disease-free survival 33% 38% 26% 20% 35% 74% 44%
(24mo) (24mo) (36mo) (36mo) (36mo) (24mo) (24mo)

Results of UCBT Delayed time to engraftment Delayed time to engraftment Delayed time to
compared to UBMT Decreased acute GVHD Compared to UBMT similar engraftment

Similar  chronic GVHD, acute and chronic GVHD Decreased acute GVHD
relapse, TRM LFS and decreased survival. and time to stop

Survival Compared to 1 HLA immunosupressors
mismatched  UBMT: Similar chronic GVHD

similar TRM and survival and relapse. Decreased
TRM, better DFS

In almost of all the three studies significant statistical differences between the groups were status of the disease, cell dose, HLA disparities and GVHD pro-
phylaxis. *Statistical difference in the donor search process.
Abbreviations: UCBT: unrelated donor umbilical-cord blood transplantation; UBMT: unrelated donor bone-marrow transplantation; T-UBMT: T-cell-depleted
unrelated donor bone-marrow transplantation; HLA: human leukocyte antigen; NC: nucleated cells; UCB: umbilical-cord blood; MTX: methotrexate; GVHD:
graft-versus-host disease; ANC: absolute neuthrophil count; PT: platelets; TRM: transplant-related mortality.
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tors.41 Other compounds to expand CD34 have been
investigated. Recently, Peled, et al have demonstra-
ted that linear polyamine copper chelator augments
long-term ex vivo expansion of cord blood derived
CD34+ cells and increases their engraftment poten-
tial in NOD/SCID mice.42 Phase 1 clinical trials
using expanded CB cells with copper chelator have
already started.

Transplantation of UCB from two43,44 or more45

partially HLA-matched unrelated donors is another
method of increasing the cell dose. Experience with
three or more CB grafts have shown high rate of
graft failure,45 however results with double cords, al-
though preliminary, support the safety of the proce-
dure in terms of cross immunological rejection.
Other approach to reduce the neutropenia period af-
ter UCBT is the cotransplantation of an UCB unit
with highly purified CD34+ cells from haploidentical
family donors.46 Larger series of patients are clearly
required to determine the effect of double cords or co-
transplantation of haplo CD34+ cells on neutrophil
engraftment and TRM.

Other possible approaches to improve engraft-
ment of cord blood cells are the co transplantation
with mesenchymal cells from an allogeneic donor,47

or the intra bone infusion of cord blood cells.48,49 Re-
cently, it has been suggested in mice that intrabone
infusion of CD34 CB cells has an engraftment ad-
vantage 15 times higher than intravenous infusion,
probably decreasing cell loss during the circulation
of the cells before homing.49 This approach seems at-
tractive and it has been shown feasible in patients
undergoing bone marrow transplantation.50

Choosing the best
umbilical-cord blood unit

It has been suggested that cell dose and number
of HLA mismatches interact mutually on engraft-
ment and on other outcomes. Thus, a higher cell
dose in the graft could partially overcome the negati-
ve impact of HLA for each level of HLA disparity;
however this hypothesis has not been demonstrated.
In order to better understand the impact of HLA dis-
parities and cell dose and to establish guidelines for
cord blood donor choice based on these two factors,
the Eurocord group has analyzed 550 UCBT reci-
pients with hematological malignancies.19 Nucleated
cell dose (NC) at freezing was used as a surrogate
marker of the number of progenitors in the graft, be-
cause this measure is well-standardized, likely to be
reproducible between laboratories, and mainly be-
cause this information is readily available during

the search process. We found that both NC at
freezing and number of HLA disparities were asso-
ciated with the probability of myeloid engraftment
(more than 2 HLA disparities decreased the probabi-
lity of engraftment), while CD34+ cell dose and HLA
disparities were jointly associated with the probabili-
ty of acute GvHD grade III-IV (but not with acute
GvHD grade II-IV). Disease relapse was higher in
matched transplants showing a graft-versus-leuke-
mia effect increased in HLA mismatched trans-
plants. Overall 3-year survival was 34.4%. Prognos-
tic factors for survival were recipient age, gender
and disease status. A center and period effect were
found to be associated with outcomes and were used
in a multivariate model to adjust for clinical factors.
Other objective of this study was to delineate an al-
gorithm to help clinicians to choose the best cord
blood unit also taking into consideration other pa-
tient and disease-related factors. This would require
establishing thresholds of number of nucleated cord
blood cells before freezing and the maximal number
of HLA disparities allowed in the cord blood donor se-
lection. In fact, we found that cell dose at freezing
and number of HLA mismatches, were log-linearly
related to the hazard of neutrophil engraftment.
Thus, we observed that the higher the number of
cord blood cells, the lower the number of HLA dis-
parities and the higher was the probability of en-
graftment. Accordingly, no definitive threshold for
cell dose and HLA disparities could be defined, howe-
ver based on previous data11,14 and Eurocord data,19

we recommend a cord blood graft with no more than
2 HLA disparities and more than 2 x 107/kg nuclea-
ted cells at cryopreservation. Studies are needed to
determine the impact of HLA high resolution typing
for class I and II on outcomes after UCBT.

Reducing
conditioning-related mortality

Encouraging results regarding engraftment and
TRM have recently been reported with the use of re-
duced-intensity conditioning regimens.51 In the lar-
gest experience to date investigators from the
University of Minnesota have reported the prelimi-
nary results of UCBT from mismatched unrelated
donors after non-myeloablative (NMA) conditioning
in 43 adult patients (median age 49.5 years) with ad-
vanced or high-risk hematological malignancies.51

The median cryopreserved cell dose, 3.7 x 107 nu-
cleated cells/kg, was higher than those usually re-
ported in series of adults undergoing UCBT after a
myeloablative conditioning. In this series, some pa-
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tients received two cord blood units and two types of
non myeloablative conditioning regimen: fludarabine
200 mg/m2, busulfan 8 mg/kg and TBI 200 cGY
(Flu/Bu/TBI) for the initial 21 patients and fludara-
bine 200 mg/m2, cyclophosphamide 50mg/kg and
TBI 200 cGY (Flu/Cy/TBI). All patients received CsA
and MMF as GVHD prophylaxis. The median time
to neutrophil recovery was 26 days (range 12-30
days) with a cumulative incidence of engraftment of
76% for the Flu/Bu/TBI recipients and only 9.5 days
(range5-28 days) with a cumulative incidence of en-
graftment of 94% for the Flu/Cy/TBI recipients. Des-
pite the use of 1 or 2 HLA antigens mismatched
grafts in 93% of the recipients, the cumulative inci-
dence of acute GVHD grade II-IV and III-IV was 44%
and 9% respectively. TRM at day 100 was 48% for
Bu/Flu/TBI recipients and 28% for Flu/Cy/TBI. Cau-
ses of death during 100 days were predominantly or-
gan failure and infections. DFS at one year of these
high- risk patients was 24% for Flu/Bu/TBI reci-
pients and 41% for Flu/Cy/TBI recipients. A similar
approach has also been reported by investigators at
Duke University.52 A total of 10 patients with hema-
tological malignancies (n = 9) and one patient with
metastatic melanoma received fludarabine 120mg/
m2, cyclophosphamide 2 g/m2 and ATG as a NMA
conditioning. The median age was 51 years,19-62 the
median number of cells infused was 2.1 x 107/kg and
the majority had 2 HLA disparate grafts. Six pa-
tients had donor chimerism between 4 weeks and 6
months after transplantation, however only 3 beca-
me full donor. Among these 3 patients, one had acute
GVHD grade III. Five patients died, 3 from disease
progression or relapse, 1 of fungal infection and one
of cerebral infarction. The estimated OS and DFS at
2 years were 36% and 27%, respectively. Using this
NMA conditioning no treatment-related mortality
was observed within the first 100 days.52

The experience of NMA conditioning in children
given UCBT is still limited. Recently, Del Toro, et
al reported, in a pilot study, the experience of NMA
in 14 children with malignant and non-malignant
diseases given a 1 or 2 HLA mismatched UCBT.
The median number of nucleated cells infused was
4.3 x 107/kg. The median time to neutrophil reco-
very was 18 days and 3 out of 14 patients did not
engraft. Full chimerism (> 94% of donor cells) was
observed in 10 patients and one patient died at day
+79 with 55% of donor cells. Eleven out of 14 pa-
tients are alive and 6 without disease. In spite of
the small number of patients and heterogeneity
of diseases it seems that NMA for children given a
UCBT is feasible.53

Improving immune reconstitution
and the management of infection

Immune recovery after UCBT is an area of great
interest and concern owing to the low number and
immaturity of UCB lymphocytes as well as to the de-
gree of HLA mismatching. Despite those facts, seve-
ral studies have shown that immune reconstitution
in children undergoing UCBT is not delayed compa-
red with BMT in terms of number of T-, B- and NK-
lymphocyte subsets,37 and T-cell repertoire diversity
and thymic function58 and recovery of specific immu-
ne response toward viruses and fungi.54 In contrast,
central T-cell recovery and lymphocyte recovery is
delayed after UCBT in adults compared to children,
especially in the presence of GVHD.56,57

Whether related or not to delayed neutrophil en-
graftment, GVHD or immune disturbances, infec-
tion is the major cause of death after UCBT.11 Howe-
ver, the pattern and type of infectious complications
in recipients of UCB transplants has not been stu-
died in detail or in larger series of patients. A large
survey by the Eurocord group is currently addres-
sing this question. Hamsa, et al compared myeloid
and lymphocyte recovery and incidence and type of
infections after 28 UCBT and 23 UBMT adult reci-
pients. Myeloid and lymphocyte recoveries were dela-
yed after UCBT. Overall infection rates, mainly in-
fections from bacterial origin, were higher in UCBT
recipients, particularly at early time points (before
day+50) after transplantation.57 In another study,
the incidence of EBV-associated posttransplantation
lymphoproliferative disorders after unrelated donor
UCBT was not increased compared with unrelated
donor BMT.58 In contrast, two other studies have
shown that the incidence of HHV-6 (Human herpes
virus 6), CMV infection, HSV (Herpes simplex) and
VZV (Varicella-zoster) seemed higher after UCBT
than after BMT or peripheral blood HSCT.59-62

CONCLUSIONS

Umbilical-cord blood has emerged as an appealing
alternative source of hematopoietic stem-cells for
transplantation. Although many issues remain un-
certain and greater experience will be required to de-
termine clearly the relative merits of UCBT compa-
red with BMT, all available data suggest that
unrelated donor UCBT should be considered as an
acceptable option in children and adults with hema-
tological and non hematological malignancies for
whom an HLA-matched BM unrelated donor is not
readily available. Shorter time to transplant and im-
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proved chance of finding a suitable graft are evident
advantages of unrelated donor UCBT over unrelated
donor BMT. This is particularly relevant to patients
requiring urgent transplantation. Prospective rando-
mized studies comparing unrelated donor UCBT to
unrelated donor BMT and highly purified CD34+ ce-
lls from haploidentical family donors are clearly re-
quired to establish the role of UCBT in the alternati-
ve donor algorithm for patients requiring HSCT.
Hopefully, the current research approaches and the
greater experience of transplant centers on UCBT
will improve outcomes and will provide successful
therapy to a larger number of patients who need an
allogeneic HSCT.
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