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The potential role of unrelated donor cord
blood transplantation (UD-CBT) in adults
remains unclear. This study reports the re-
sults of UD-CBT in 22 adults with hemato-
logic malignancies following conditioning
with thiotepa, busulfan, cyclophosphamide,
and antithymocyte globulin in 21, with thio-
tepa, fludarabine, and antithymocyte globu-
lin in 1, and graft-versus-host disease
(GVHD) prophylaxis with cyclosporine and
prednisone.Medianagewas29years (range,
18-46 years), and median weight was 69.5 kg
(range, 41-85 kg). HLA match was 6 of 6 in 1
case, 5 of 6 in 13 cases, and 4 of 6 in 8 cases.

Median number of nucleated cells infused
was 1.71 3 107/kg (range, 1.01 3 107/kg to
4.96 3 107/kg).All 20 patients surviving more
than 30 days had myeloid engraftment, and
only 1, who received the lowest cell dose,
developed secondary graft failure. Median
time to reach an absolute neutrophil count
of at least 0.5 3 109/L was 22 days (range,
13-52 days). Median time to platelets num-
bered at least 20 3 109/Lwas 69 days (range,
49-153 days). Seven patients (32%) devel-
oped acute GVHD above grade II, and 9 of 10
patients at risk developed chronic GVHD,
which became extensive in 4 patients.

Twelve patients remained alive and disease-
free 3 to 45 months after transplantation.
Disease-free survival (DFS) at 1 year was
53%. Age strongly influenced DFS ( P 5 .01).
For patients aged 30 years or younger, the
DFS at 1 year was 73%. These preliminary
results suggest that UD-CBT should be con-
sidered a reasonable alternative in young
adults with hematologic malignancy and no
appropriate bone marrow donor. (Blood.
2001;98:2332-2338)

© 2001 by The American Society of Hematology

Introduction

The potential role of unrelated donor cord blood transplantation
(UD-CBT) in adults remains unclear. At present, information on
the results of UD-CBT in adults comes only from 2 heterogeneous
series of patients with different diseases from registries including
mainly pediatric cases,1,2 from 2 heterogeneous series of adult
patients recently reported by Eurocord3 and by 5 U.S. centers,4

from several small series of adults from a single institution,5-9 and
from anecdotal case reports.10-16This deficit is due mainly to grave
concerns about the possibility of graft failure following UD-CBT in
adults.17 None of the series of UD-CBT in adults have used a
unique preparative and graft-versus-host disease (GVHD) regimen.

The major aim of this study was to evaluate the results of
UD-CBT following a standardized preparative and GVHD regimen
in a series of 22 consecutive adult patients with hematologic
malignancies. All 20 evaluable patients engrafted. Thirteen patients
remained alive and disease-free, with full donor chimerism, 3 to 45
months after transplantation.

Patients, materials, and methods

Patients and eligibility criteria

Between May 1997 and December 2000, 22 consecutive patients with
hematologic malignancies underwent UD-CBT at our institution. Patients
were eligible for enrollment if they met all of the 5 following criteria:

(1) Allogeneic hematopoietic stem cell transplantation was expected to be
the best therapy for their disorder. (2) There was no HLA-identical or
one-antigen–mismatched related donor. (3) Using International Bone
Marrow Donor registries, no potential HLA-identical matched unrelated
donor (MUD) could be identified in time. (4) A UD-CB unit was available
that fulfilled 2 criteria: more than 13 107 nucleated cells (NCs) per
kilogram of the recipient’s body weight in the cryopreserved CB unit and
the sharing of at least 4 HLA antigens in common with the potential
recipient (HLA class I antigens [A and B] determined by serologic or
low-resolution DNA typing and class II antigens [DRB1] by high-
resolution DNA typing). (5) There was signed informed consent of each
patient. The local institutional review board approved the information given
to patients and the provision of informed consent. In some cases, an
autologous back-up of bone marrow or mobilized peripheral blood hemato-
poietic progenitors was available to deal with a potential graft failure.

Selection of a CB unit

All formal searches were conducted by the Spanish Registry of Bone
Marrow Donors (Registro Espan˜ol de Donantes de Me´dula Osea). After a
preliminary search, the CB units that fulfilled the criteria specified above
were prioritized on the basis of the degree of HLA match. When several
units with the same degree of HLA match were available for a patient, we
selected the one that contained the highest number of NCs. Whenever
possible, mismatches within the same cross-reacting group of HLA antigens
were preferred to major incompatibilities. In choosing between units with
the same number of HLA disparities, no preference was given to mis-
matches for the class I or class II major histocompatibility complex
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antigens. For cases with more than one unit with the same degree of HLA
mismatch and a similar number of NCs, high-resolution DNA typing of
class I antigens (HLA-A, -B, and -C) and class II antigens (HLA-DRB1,
-DQB1, and -DPB1) was performed to define the unit with the best match.
All transplanted CB units tested negative for human immunodeficiency
virus, hepatitis B and C viruses, and human T-cell lymphotropic virus type
I. None of the units nor the mothers of the donors were positive for
immunoglobulin M antibody to cytomegalovirus (CMV).

HLA typing of patients and donors

For confirmatory purposes, all patients and CB units were HLA typed in our
laboratory (D.P.). HLA class I serologic typing was performed by a standard
complement-dependent microlymphocytotoxicity technique.18 HLA-A, -B,
-C, -DRB, -DQA1, and -DQB1 low- or high-resolution genotyping was
performed by polymerase chain reaction with sequence-specific primers
(SSP-PCR)19 and HLA-DPB1 high-resolution genotyping by PCR and
reverse-hybridization with sequence-specific oligonucleotide probes
(SSO-PCR).20

Transplantation procedure

Cryopreserved CB units were transported to the Centro de Trasfusio´n de la
Comunidad Valenciana in a shipping container cooled by liquid nitrogen in
vapor phase and stored in liquid nitrogen until use. The CB unit canister was
left in the gas vapor phase for 5 to 10 minutes before proceeding. The
canister was carefully opened, avoiding damage to the frozen blood bag,
and the identifying information was verified. Thawing of CB units was
performed by Rubinstein et al’s method,21 with minor modifications as
described elsewhere.9 Samples for cell counts, quantitation of CD341

cells,22 cell viability, clonogenic assays,23 and microbiology were drawn
directly from the bag before infusion.

Preparative regimen and GVHD prophylaxis

The conditioning regimen consisted of 21 cases on thiotepa (5 mg/kg per
day on days29 and28), busulfan (1 mg/kg every 6 hours on days27,26,
and25), cyclophosphamide (60 mg/kg per day on days24 and23), and
horse antithymocyte globulin (ATG; Lymphoglobuline, Merieux, Lyon,
France) (15 mg/kg per day on days25,24,23, and22). One patient, who
had failed to engraft after a MUD peripheral blood stem cell transplantation
(PBSCT) performed 30 days before UD-CBT and conditioned with
busulfan and cyclophosphamide, received fludarabine (30 mg/m2 per day
on days27, 26, 25, 24, and23), thiotepa (5 mg/kg per day on days27
and26), and ATG (15 mg/kg per day on days26, 25, 24, 23, and22).
To avoid ATG-associated infusion syndrome, patients concomitantly re-
ceived paracetamol, chlorpheniramine, and methylprednisolone. Granulo-
cyte colony-stimulating factor (Amgen, Thousand Oaks, CA) (5mg/kg per
day subcutaneously) was administered from day17 until neutrophil
engraftment. As GVHD prophylaxis, all patients received cyclosporine (3
mg/kg per day intravenously, followed by 3-5 mg/kg every 12 hours by
mouth when oral intake was possible, reduced by 10% per week after day
1180) and prednisone (0.5 mg/kg on days17 to 114, 1 mg/kg on days
114 to 128, 0.8 mg/kg on days129 to 156, 0.5 mg/kg on days157 to
190, 0.2 mg/kg on days191 to 1120, and 0.1 mg/kg on days1121 to
1180). Patients developing acute GVHD received high-dose methylpred-
nisolone (20 mg/kg per day; halving the dose every 3 days until reaching 1
mg/kg per day, and then gradually tapered) as initial therapy, followed by
ATG in refractory cases. Chronic GVHD was treated with prednisone 1
mg/kg per day for 6 to 9 months.

Supportive care

Patients were kept in reverse isolation under high-efficiency particulate air
filtration. Ciprofloxacin, cotrimoxazole, and fluconazole were given as
anti-infectious prophylaxis. The use of intravenous antibiotics and liposo-
mal amphotericin B, and the transfusion policy adopted, were those usually
employed when handling neutropenic patients. All transfused products
were irradiated and depleted of leukocytes. As CMV prophylaxis, all
patients received intravenous acyclovir (400 mg/m2 every 12 hours) from

day 25 until engraftment, followed by intravenous ganciclovir (5 mg/kg
per day) 3 to 5 days per week from engraftment until day1100. CMV
infection surveillance and treatment has been described in detail else-
where.9 Nonspecific intravenous immunoglobulin was administered to each
patient, at a dose of 500 mg/kg weekly, through to day1100 and then
monthly during the first year after transplantation.

Chimerism and minimal residual disease studies

The chimerism status after transplantation was studied by PCR-VNTR
(variable number of tandem repeats),24-26 typing of HLA antigen mis-
matches by SSP-PCR and SSO-PCR19,20 and, for transplants from the
opposite sex, fluorescence in situ hybridization (FISH).27 Detection of
BCR/ABL transcripts in patients with Ph-positive leukemia was performed
by reverse transcriptase (RT)–PCR following Cross et al’s methods.28,29

The presence of BCR/ABL rearrangements was evaluated by FISH.30

Definitions and statistical analysis

Myeloid engraftment was defined as an absolute neutrophil count (ANC) of
0.53 109/L or greater, on 3 consecutive days, and platelet engraftment as a
platelet count of 503 109/L or higher, without transfusion support, for 7
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 defined and graded according to standard
criteria.31-33A complete response to initial treatment of GVHD was defined
as complete resolution of all signs and symptoms in all affected organs on
day 28 after starting therapy without requiring secondary treatment.
Patients who had a complete resolution of all signs and symptoms of acute
GVHD but expired before day 28 were considered unevaluable for
response. The remaining cases were considered as refractory to therapy. The
same criteria were used for evaluating the response of acute GVHD to
secondary treatment. Patients with chronic myelogenous leukemia (CML)
in chronic phase and those with acute leukemia or myelodysplastic
syndrome (MDS) in first/second complete remission (CR) at transplantation
were considered to have early disease; patients with CML in accelerated
phase or blast crisis and acute leukemia in greater than second CR were
considered to have advanced disease. Apart from the patients with CML in
first chronic phase, all the remaining patients were considered to be
high-risk patients. Time to event curves were plotted by using the actuarial
method of Kaplan-Meier,34 and differences between curves were analyzed
by log-rank tests.35 In actuarial curves of time to engraftment, patients who
died before achieving the end point (neutrophils. 0.53 109/L, platelets
. 203 109/L) were considered as censored data at the time of death. All
data were analyzed by February 28, 2001. All statistical analyses were
carried out with software from the BMDP library.36

Results

Patient characteristics

The main characteristics of the patients are summarized in Table 1.
Sixteen patients had high-risk malignancies (6 CML not in first
chronic phase, 9 high-risk acute leukemia, 1 high-risk MDS). The
patient with de novo acute myeloblastic leukemia (AML) was
considered to have high-risk AML due to hyperleukocytosis and
achievement of CR only after salvage chemotherapy. The patient
with MDS had an International Prognostic Scoring System score
equal to 3.5,37 was in first CR after AML-type chemotherapy, and
had engraftment failure after MUD-PBSCT. Eight patients with
CML in the chronic phase had previously received AML-type
chemotherapy for mobilization and harvest of hematopoietic
progenitors from peripheral blood as part of an ongoing protocol
for autologous PBSCT. Two patients with CML in blast crisis had
received daunorubicin and cytarabine in an unsuccessful attempt to
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revert the disease to the chronic phase. Three patients with CML (2
who received transplants in chronic phase and 1 in blast crisis) had
undergone previous autologous PBSCT 24 months, 33 months, and
34 months before UD-CBT, respectively. Five of the CML patients
had previously received interferon without achieving a cytogenetic
response. In the overall series, the median time from the start of the
search for a CB unit to transplantation was 4 months (range, 0.2-12
months). In most instances, the reason for delaying transplantation
after a CB unit had been selected was the need for achieving CR
and/or the administration of consolidation chemotherapy prior to
transplantation.

CB unit characteristics and degree of HLA mismatch

Eleven CB units were supplied by the Barcelona Cord Blood Bank,
3 by the Placental Blood Program at the New York Blood Center, 2
by the Milano Cord Blood Bank, 2 by the London Cord Blood
Bank, and 1 each by the Du¨sseldorf Cord Blood Bank, the France
Greffe de Moelle, the St Louis Cord Blood Bank, and the Colorado
Cord Blood Bank. By means of serologic and/or low-resolution
DNA typing for class I antigens and high-resolution DNA typing
for class II HLA alleles, 8 CB units were matched for 4 of 6 HLA
antigens, 13 for 5 of 6, and 1 showed a complete match. In 20 cases,
HLA-A and -B antigens were typed by high-resolution DNA
techniques. In 4 of them, 1 additional mismatch was present. The
median number of NCs infused was 1.713 107/kg (range,
1.013 107/kg to 4.963 107/kg). Only 6 patients received more
than 23 107 NCs per kilogram and in only 3 was the number of
NCs more than 3.73 107/kg. The median number of cryopreserved

NCs was 2.483 107/kg (range, 1.543 107/kg to 6.903 107/kg).
Thus, the median proportion of NCs lost during thawing was 30%
(range 25% to 61%). The median time that elapsed between
storage of the CB unit and transplantation was 22 months (range,
7-57 months). There was a major ABO blood group mismatch in 6
cases and a minor mismatch in 3 cases (Table 2).

Engraftment

Two patients died on day110 and 125 without evidence of
myeloid engraftment. All 20 patients who survived for more than
30 days experienced myeloid engraftment. The median time to
reach an ANC above 0.53 109/L and above 13 109/L was 22 days
(range, 13-52 days) and 25.5 days (range, 14-64 days), respec-
tively. The cumulative probability of ANC recovery above
0.53 109/L was 100% at 60 days (Figure 1). The 2 patients with
the slowest myeloid engraftment were (1) a patient who had
undergone transplantation in a blast phase refractory to AML
chemotherapy and who had a persistent massive splenomegaly and
(2) a patient who received the lowest NC dose. In the former, the
ANC returned to normal immediately after splenectomy. All 20
evaluable patients showed full donor chimerism at a median time of
14 days (range, 14-36 days) after transplantation. The patient who
received the lowest NC dose experienced secondary graft failure
shortly after engraftment. At that time, this patient had a mixed
chimera (predominantly of the donor) based on PCR-SSP to HLA

Figure 1. Kaplan-Meier estimate of the time to myeloid engraftment (ANC
> 0.5 3 109/L) in 22 adults undergoing UD-CBT. The cumulative probability of
myeloid engraftment was 100% at 60 days.

Table 2. Degree of HLA match, cell dose, storage time of CB units, ABO blood
group match, and sex combinations

Parameter Median (range)
No. of

patients (%)

Degree of HLA match (HLA-A and -B by

low-resolution and DRB1 by high-

resolution techniques)

6 of 6 1 (5)

5 of 6 13 (59)

4 of 6 8 (36)

NCs cryopreserved, 3 107/kg 2.48 (1.54-6.90)

NCs infused, 3 107/kg 1.71 (1.01-4.96)

CD341 cells infused, 3 105/kg 0.79 (0.27-2.60)

CFU-GM infused, 3 104/kg 1.77 (0.05-10.80)

Time from storage of CB unit to CBT, mo 22 (7-57)

ABO blood group mismatch

Major 6 (27)

Minor 3 (14)

None 13 (59)

Sex combinations

Recipient male/donor female 8 (36)

Recipient male/donor male 4 (18)

Recipient female/donor male 7 (32)

Recipient female/donor female 3 (14)

Table 1. Patient characteristics

Parameter Median (range) No. of patients (%)

Patients 22

Age, y 29 (18-46)

30 or younger 12 (55)

Older than 30 10 (45)

Sex

Male 12 (55)

Female 10 (45)

Weight, kg 69.5 (41-85)

Diagnosis

CML 12 (45)

CP1/CP2 6/2

AP/BC 1/3

ALL 6 (27)

ALL in CR1 5

t(9;22) 4

t(4;11) 1

ALL in CR3 1

AML 3 (14)

Secondary AML in CR1 2

De novo AML in CR1 1

MDS 1 (5)

Time from diagnosis to CBT, mo 10 (5-125)

Time from the start of search to CBT, mo 4 (0.25-12)

Previous HSCT 4 (18)

Conditioning regimen

TT 1 BU 1 CY 1 ATG 21 (95)

FLU 1 TT 1 ATG 1 (5)

CMV serology

Positive 17 (77)

Negative 5 (23)

CP1 indicates first chronic phase; CP2, second chronic phase; AP, accelerated
phase; BC, blast crisis; HSCT, hematopoietic stem cell transplantation; TT, thiotepa;
BU, busulfan; CY, cyclophosphamide; and FLU, fludarabine.
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antigen mismatches but was evaluated as a full donor chimera by
PCR-VNTR. Ten patients who died 10 to 154 days after transplan-
tation had not experienced platelet recovery. The median time to
achieve platelet counts above 203 109/L and above 503 109/L
was 69 days (range, 49-153 days) and 105 days (range, 60-171
days), respectively. The cumulative probability of platelet recovery
above 203 109/L and 503 109/L was 90% (95% confidence
interval [CI], 72%-100%) at 150 days (Figure 2) and 100% at 180
days, respectively.

Acute and chronic GVHD

All but 1 patient developed acute GVHD. The clinical grading of acute
GVHD was grade I in 5 cases, grade II in 9 cases, grade III in 3 cases,
and grade IV in 4 cases. The median time to the development of acute
GVHD was 9 days (range, 4-14 days). Skin involvement was observed
in 21 cases (stage 1 in 2, stage 2 in 10, stage 3 in 7, stage 4 in 2),
intestinal involvement in 6 cases (stage 1 in 2, stage 4 in 4), and liver
involvement in 10 cases (stage 1 in 4, stage 3 in 4, stage 4 in 2). Seven
patients had isolated skin involvement. Diagnosis of GVHD was
histopathologically confirmed by skin biopsy in 16 cases, by liver
biopsy in 2, and at autopsy in 3 cases. Twelve patients showed a
complete response of acute GVHD after high-dose methylprednisolone,
6 were refractory (1 with grade II, 2 with grade III, 3 with grade IV acute
GVHD), and 3 were considered unevaluable. Two of the 6 patients with
steroid-refractory acute GVHD responded to salvage therapy for
GVHD, 2 were refractory, and 2 were considered unevaluable. Nine of
10 patients at risk developed chronic GVHD. Chronic GVHD was
limited in 5 cases and extensive in 4 cases. Chronic GVHD was
responsive to prednisone and cyclosporine, except in 1 patient in whom
chronic GVHD had progressed from refractory grade IV acute GVHD.
The median time to the development of chronic GVHD was 121 days
(range, 100-325 days). Notably, only 1 of the patients with chronic
GVHD had hepatic involvement, whereas 3 had pulmonary involve-
ment, which was suggestive of bronchiolitis obliterans of mild to
moderate degree.

Outcome

Twelve of 22 patients remain alive and disease-free, with full donor
chimerism, 3 to 45 months after transplantation (median follow-up
8 months). Of these patients, 5 have CML in chronic phase (3
received transplants in first and 2 in second chronic phase), 3 ALL
(2 received transplants in first remission [CR1] [1 with t(9;22) and
1 with t(4;11)], 1 in third remission [CR3]), 3 AML (2 with
secondary AML, 1 with high-risk de novo AML), and 1 MDS. All 6
patients with Ph-positive disorders were BCR/ABL-negative by
FISH and RT-PCR at last follow-up. The Karnofsky activity score
in patients still alive ranges from 90% to 100%. The actuarial
disease-free survival (DFS) in the overall group of patients was
53% (95% CI, 31%-75%) at 1 year (Figure 3). Age had a strong

impact on outcome; 9 of 12 patients aged 30 years or younger
remain alive and disease-free, with a projected actuarial DFS of
73% (95% CI, 45%-100%) at 1 year, whereas only 3 of 10 patients
aged more than 30 years at transplantation remain alive and
disease-free, with a projected DFS of 27% (95% CI, 0%-57%) at 3
months (P 5 .01) (Figure 4). Patients with early disease also
showed some trend for a better DFS (P 5 .09). Cell dose, whether
cryopreserved or infused, degree of HLA match, recipient CMV
status, and risk category of the patient had no apparent effect
on DFS.

Ten patients, including 7 with CML (3 who underwent transplan-
tation in first chronic phase, 1 in accelerated phase, and 3 in blast
crisis) and 3 with Ph-positive ALL (who underwent transplantation
in CR1) died 10 to 150 days after transplantation. The cumulative
probability of transplantation-related mortality (TRM) at 100 days
was 43% (95% CI, 21%-65%). The main cause of death was
infection in 4 cases, GVHD in 2, hemorrhage in 2, secondary graft
failure in 1, and conditioning regimen toxicity in 1. When all
contributing causes of death were accounted for, infection was
present in 9 cases, GVHD in 4, hemorrhage in 3, conditioning
regimen and/or cyclosporine toxicity in 2, and secondary graft
failure in 1. Interestingly, all 3 patients with CML in blast crisis
were BCR/ABL-negative by FISH, and 2 of them were negative by
RT-PCR, at the time of death.

Discussion

This series of UD-CBT in adults with hematologic malignancies,
the first to employ a standardized conditioning regimen, a unique
GVHD prophylaxis, and a common supportive treatment, demon-
strates short- and long-term hematopoietic engraftment and the
prospect for cure in a substantial proportion of patients. This is
particularly true for young adults who receive transplants in the
earlier phases of their disease.

Figure 2. Kaplan-Meier estimate of the time to platelet engraftment (platelets
> 20 3 109/L) in 22 adults undergoing UD-CBT. The cumulative probability of
platelet engraftment was 90% (95% CI, 72%-100%) at 150 days.

Figure 3. Kaplan-Meier estimate of DFS in 22 adults undergoing UD-CBT. The
expected DFS at 1 year was 53% (95% CI, 31%-75%).

Figure 4. Kaplan-Meier estimate of DFS according to age at transplantation in
22 adults undergoing UD-CBT. The DFS for patients aged 30 years or less was
73% (95% CI, 45%-100%) at 1 year, whereas DFS for patients aged more than 30
years was 27% (95% CI, 0%-57%) at 3 months (P 5 .01).

UD-CBT IN ADULTS 2335BLOOD, 15 OCTOBER 2001 z VOLUME 98, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/98/8/2332/1677704/h8200102332.pdf by guest on 05 June 2024



Despite its theoretical advantages over bone marrow transplan-
tation (BMT) from unrelated donors,16 the lower number of
hematopoietic stem cells in CB compared with bone marrow,
together with preliminary data showing the importance of cell dose
for the outcome of CBT,1,2 have been of major concern in adult
patients. At present, it is almost impossible to evaluate the potential
role of UD-CBT in adults. First, information about the results of
UD-CBT in adults is only available through reports from regis-
tries1-3 (2 of them comprising mainly children1,2), a joint study from
5 U.S. centers reported in abstract form,4 small study series from single
institutions5-9 (reported mostly only in abstract form5,6,8), or as anecdotal
case reports.10-16 Secondly, in all but one instance9 the populations of
patients and the conditioning regimens have been heterogeneous. The
present series included only adult patients who received the same
conditioning (except one case) and who were managed uniformly in
terms of prophylaxis and treatment of GVHD as well as with respect to
anti-infection and transfusion policy.

In the present series, the cell dose infused and the degree of
HLA mismatch between recipients and CB units was very similar
to that reported for adults by the New York Placental Blood
Program,2 Eurocord,1,3 and single centers.6,8 As expected, the cell
dose infused to the patients was clearly lower than that reported for
children.1,2 In a recent report from Duke University,6 including 38
transplantations involving adults, only 2 patients experienced
autologous recovery and 6 died from infection 18 to 89 days after
transplantation with no evidence of engraftment. In the combined
experience of UD-CBT in adults at 5 U.S. institutions, including 68
patients, the actuarial probability of neutrophil engraftment was
92%.4 The more extensive series of 108 adults undergoing UD-
CBT reported by Eurocord had a myeloid engraftment rate of 81%
at 60 days.3 In the present series, all 20 patients who survived more
than 30 days had myeloid engraftment, and only 1 patient
(interestingly, the one who received the lower cell dose) experi-
enced loss of engraftment. Time to myeloid engraftment was
shorter than expected for adults undergoing UD-CBT.3,4,6,8In the 2
larger series studied by Eurocord3 and by the 5 U.S. centers,4 the
median time to achieve an ANC above 0.53 109/L was 32 days
and 27 days, respectively,3,4 whereas it was 22 days in our series. It
is possible that the intensity of conditioning, as has been recently
suggested to occur in children undergoing CBT from a related
donor for hemoglobinopathy,38 and the use of ATG to further
decrease the immune response in the recipient could have facili-
tated engraftment in our patients. The use of granulocyte colony-
stimulating factor in all cases may have also played some role. In
agreement with previous studies in both children and adults,1-3,6,8

platelet engraftment was delayed after UD-CBT. Nonetheless, it
should be noted that although some patients died early without
platelet engraftment, all patients with sufficient follow-up demon-
strated a complete and sustained recovery of platelet counts to
normal levels. Full donor chimerism, as in other series,4 was
observed soon after transplantation, before day121 in all but 2
cases. This chimerism status persisted in all but one case, where
there was secondary graft failure.

Data from registries, including mainly children,1,2 and the
results of a recent nonrandomized comparative study of UD-CBT
and MUD-BMT in children with acute leukemia39 suggest that,
despite a higher degree of HLA mismatch, the risk of acute and
chronic GVHD after UD-CBT is lower than after unmanipulated
MUD-BMT. In adults, although the reported incidence of acute and
chronic GVHD after UD-CBT seems higher than in children, the
preliminary data point in the same way.3,4,6 In the Duke University
series, in which 35 of 38 patients were mismatched in 1 to 3 HLA

antigens, only 13 patients (34%) developed grade II to IV acute
GVHD.6 Among 108 adults with hematologic malignancies re-
ported by Eurocord, of whom 102 had at least 1 HLA mismatch (1
in 38 cases, 2 in 51, 3 in 13 cases), the probability of developing
grade II to IV acute GVHD was 41% and of developing grade III to
IV acute GVHD was 26%; chronic GVHD occurred in 15 of 58
patients at risk.3 In the recently reported joint study by 5 U.S.
institutions, with 71% of patients receiving CB units that were
disparate for 2 or more HLA antigens, the probabilities of grade II
to IV, grade III to IV acute GVHD, and chronic GVHD were 60%,
20%, and 38%, respectively.4 In the present series, most patients at
risk experienced some degree of acute and chronic GVHD, and the
probability of developing acute GVHD of grade II to IV and of
grade III to IV was 63% and 32%, respectively. Apart from the
small numbers, subjectivity in the application of the grading system
for reporting acute GVHD among marrow transplant centers may
account, at least in part, for these differences.40,41 This variance
could also be due to differences in the prophylaxis and treatment of
acute GVHD and other factors. It also should be noted that 7
patients in the present series experienced acute GVHD of the skin
only and that acute GVHD was responsive to therapy in most
patients. However, although higher than in other reports of
UD-CBT in adults, the incidence of acute GVHD in the present
series was less than would be expected for adults receiving bone
marrow from mismatched unrelated donors. As reported before by
our group,9 the clinical pattern of chronic GVHD seems somewhat
different than that usually seen after MUD-BMT. Only 1 patient
had hepatic involvement, whereas 3 patients had pulmonary
symptoms that were suggestive of bronchiolitis obliterans of
moderate degree. Conceivably, unnoticed isolated lung involve-
ment by GVHD may have contributed to the high death rate by
pulmonary disease noted in a previous report on UD-CBT.2

Whether due to the slower speed of myeloid and platelet
engraftment, GVHD, or defective immunologic reconstitution,
TRM is the major drawback of UD-CBT. In our experience, TRM
at day 100 was 43% and was mainly due to infection, bleeding, and
GVHD. This figure is similar to that observed by others in both
adults3,8 and children1,2 undergoing UD-CBT. As has occurred in
the MUD-BMT setting,42,43 increasing experience with UD-CBT,
including a better selection of CB units for transplantation, may
reduce TRM. In fact, the preliminary data of UD-CBT in adults by
Eurocord show a significant reduction in TRM at day 100 in
transplantations performed after January 1998.3

Based on data from T-cell–depleted BMT44 and the strong
inverse relationship between the development of GVHD and
relapse risk in unmanipulated BMT,45 it has been speculated that
the lower number of T cells in CB units coupled with the lower
incidence of GVHD in UD-CBT could underlie a higher risk of
relapse. Nonetheless, 3 recent reports comparing CBT and unma-
nipulated BMT from HLA-identical siblings46 and from unrelated
donors39,47 among children with leukemia have shown a similar
risk of relapse. In our short experience, none of the patients have
relapsed and all evaluable patients remain in molecular remission
at the most recent follow-up. Furthermore, all 3 patients with CML
in blast crisis at transplantation who died were in cytogenetic
remission by conventional cytogenetics and FISH techniques, and
2 were in molecular remission by RT-PCR shortly before death.

At present, the long-term outcome of UD-CBT in adults cannot
be properly evaluated, owing to small numbers, short follow-up,
and heterogeneous patient populations. In the present series, using
a standardized regimen, the estimated probability of DFS at 1 year
was 53%. The cell dose infused per kilogram, measured as NCs per
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kilogram,1,2 colony-forming unit granulocyte macrophage (CFU-
GM) infused per kilogram,48 or CD341 cells infused per kilogram,4

and the status of the disease at transplantation1,3,49have emerged as
strong indicators of survival after UD-CBT. The number of HLA
mismatches have not demonstrated a significant relationship with
survival in 2 large series,1,2 but a recent report has shown that it is a
relevant factor for engraftment.50 We found that age at transplanta-
tion had a clear impact on DFS, with a poorer outcome for patients
aged more than 30 years. Furthermore, there was some trend for a
better DFS in patients with standard-risk disease status at transplan-
tation. However, neither the cell dose cryopreserved or infused
(measured as NCs, CFU-GM, and CD341 cells per kilogram) nor
the number of HLA disparities showed any apparent association
with DFS. The more likely explanation for these somewhat
surprising findings about the lack of impact of these 2 later
variables may simply be that they are due to the small number of
patients studied. Nevertheless, it could also be due to other reasons.
For example, for adults, it is possible that the cell dose (assuming

that a minimum threshold of NCs per kilogram is infused),
although important, is not as critical for the outcome of UD-CBT as
it is for children. It should be stressed that the cell dose infused per
kilogram reflects not only the cell dose content of the CB units but,
indirectly, other recognized prognostic factors for outcome after
allogeneic stem cell transplantation, such as age,42,43weight,43 and
disease status.9

Our data, in agreement with other reports, show that UD-CBT,
despite the low cellular dose infused, is capable of promoting
sustained hematopoietic engraftment in most adult recipients with
hematologic malignancy. They also suggest that UD-CBT can
result in long-term DFS in many of these patients, particularly in
younger patients who receive transplants in earlier stages of their
diseases. Because ongoing experience in the use of MUD-BMT has
resulted in a significant increase in the success of this procedure,
the same will probably hold true for UD-CBT. All of these
preliminary results suggest that indications for UD-CBT in adults
should be reviewed.
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Umbilical cord blood transplantation from an un-
related donor in an adult weighing 90 kilograms:
role of immunosuppression in engraftment. Bone
Marrow Transplant. 1997;20:333-336.

13. Laughlin MJ, Rizzieri DA, Smith CA, et al. Hema-
tologic engraftment and reconstitution of immune
function post unrelated placental cord blood
transplant in an adult with acute lymphocytic leu-
kemia. Leuk Res. 1998;22:215-219.

14. Gian VG, Moreb JS, Abdel-Mageed A, et al. Suc-
cessful salvage using mismatched umbilical cord
blood transplant in an adult with recurrent acute
myelogenous leukemia failing autologous periph-
eral blood progenitor cell transplant: a case his-
tory and review. Bone Marrow Transplant. 1998;
21:1197-1200.

15. Pecora AL, Stiff P, Jennis A, et al. Prompt and
durable engraftment in two older adult patients
with high risk chronic myelogenous leukemia
(CML) using ex vivo expanded and unmanipu-
lated unrelated umbilical cord blood. Bone Mar-
row Transplant. 2000;25:797-799.

16. Goldberg SL, Pecora AL, Rosenbluth RJ, Jennis
AA, Preti RA. Treatment of leukemic relapse fol-
lowing unrelated umbilical cord blood transplanta-
tion with interleukin-2: potential for augmenting
graft-versus-leukemia and graft-versus-host with
cytokines. Bone Marrow Transplant. 2000;26:
353-355.

17. Cairo MS, Wagner JE. Placental and/or umbilical
cord blood: an alternative source of hematopoi-
etic stem cells for transplantation. Blood. 1997;
90:4665-4678.

18. Terasaki PI, McLelland J. Microdroplet assay of
human serum cytoxins. Nature. 1964;204:988-
1000.

19. Olerup O, Zetterquist H. HLA-DR typing by PCR
amplification with sequence-specific primers
(PCR-SSP) in 2 hours: an alternative to serologic
DR typing in clinical practice including donor–
recipient matching in cadaveric transplantation.
Tissue Antigens. 1992;39:225-235.

20. Buyse I, Decorte R, Cuppens H, et al. Rapid DNA
typing of class II HLA antigens using the polymer-
ase chain reaction and reverse dot blot hybridiza-
tion. Tissue Antigens. 1993;41:1-14.

21. Rubinstein P, Dobrila L, Rosenfield RE, et al. Pro-
cessing and cryopreservation of placental/umbili-
cal cord blood for unrelated bone marrow recon-
stitution. Proc Natl Acad Sci U S A. 1995;92:
10119-10122.

22. McNiece I, Kern B, Zilm K, Brunaud C, Dziem G,
Briddell R. Minimization of CD341 cell enumera-
tion variability using the ProCOUNT standardized
methodology. J Hematother. 1998;7:499-504.

23. Mossuz P, Dobo I, Geneway MC, et al. Use of
collagen for standardization of PBSC graft quality
evaluation: a multicenter comparative analysis of

commercial collagen-based and methylcellulose-
based colony-forming unit (CFU) assay kits. J He-
matother. 1998;7:351-359.

24. Boerwinkle E, Xiong W, Fourest E, Chan L. Rapid
typing of tandemly repeated hypervariable loci by
the polymerase chain reaction: application to the
apolipoprotein B 39 hypervariable region. Proc
Natl Acad Sci U S A. 1989;86:212-216.

25. Budowle B, Chakraborty R, Giusti AM, et al. Anal-
ysis of the VNTR locus D1S80 by PCR followed
by high resolution PAGE. Am J Hum Genet. 1991;
48:137-144.

26. Richards B, Heilig R, Oberle I, Storjohann L, Horn
GT. Rapid PCR analysis of the St14 (DXS52)
VNTR. Nucleic Acids Res. 1991;19:1944.

27. Najfeld V, Burnett W, Vlachos A, Scigliano E,
Isola L, Fruchtman S. Interphase FISH analysis
of sex-mismatched BMT utilizing dual color XY
probes. Bone Marrow Transplant. 1997;19:829-
834.

28. Cross NC, Hughes TP, Feng L, et al. Minimal re-
sidual disease after allogeneic bone marrow
transplantation for chronic myeloid leukemia in
first chronic phase: correlations with acute graft-
versus-host disease and relapse. Br J Haematol.
1993;84:67-74.

29. Cross NC, Melo JV, Feng L, Goldman JM. An op-
timized multiplex polymerase chain reaction
(PCR) for detection of BCR-ABL fusion mRNAs in
haematological disorders. Leukemia. 1994;9:186-
189.

30. Sinclair PB, Green AR, Grace C, Nacheva EP.
Improved sensitivity of BCR-ABL detection: a
triple-probe three-color fluorescence in situ hy-
bridization system. Blood. 1997;90:1395-1402.

31. Glucksberg H, Storb R, Fefer A, et al. Clinical
manifestations of graft-versus-host disease in
human recipients of HLA-matched sibling donors.
Transplantation. 1974;18:295-304.

32. Przepiorka D, Weisdorf D, Martin P, et al. Con-
sensus conference on acute GVHD grading.
Bone Marrow Transplant. 1995;15:825-828.

33. Shulman HM, Sullivan KM, Weiden PI, et al.
Chronic graft-versus-host syndrome in man: a
long-term clinicopathologic study of 20 Seattle
patients. Am J Med. 1980;69:204-217.

34. Kaplan EL, Meier P. Nonparametric estimation
from incomplete observations. J Am Stat Assoc.
1958;53:457-481.

35. Mantel N. Evaluation of survival data and two
new rank order statistics arising in its consider-
ation. Cancer Chemother Rep. 1966;50:163-170.

36. Dixon WJ. BMDP Statistical Software. Berkeley,
CA: University of California Press; 1990.

UD-CBT IN ADULTS 2337BLOOD, 15 OCTOBER 2001 z VOLUME 98, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/98/8/2332/1677704/h8200102332.pdf by guest on 05 June 2024



37. Greenberg P, Cox C, LeBeau M, et al. Interna-
tional scoring system for evaluating prognosis in
myelodysplastic syndromes. Blood. 1997;89:
2079-2088.

38. Locatelli F, Rocha V, Ertem M, et al. Influence of
preparative regimen and methotrexate for GVHD
prophylaxis on engraftment after related cord
blood transplant for patients with hemogobinopa-
thies [abstract]. Blood. 2000;96:200a.

39. Rocha V, Cornish J, Sievers E, et al. Comparison
of outcomes of unrelated bone marrow and um-
bilical cord blood transplants in children with
acute leukemia. Blood. 2001;97:2962-2971.

40. Atkinson K, Horowitz MM, Biggs JC, et al. The
clinical diagnosis of acute graft-versus-host dis-
ease: a diversity of views amongst marrow trans-
plant centers. Bone Marrow Transplant. 1988;3:
5-10.

41. Rowlings PA, Przepiorka D, Klein JP, et al. IB-
MTR Severity Index for grading acute graft-ver-
sus-host disease: a retrospective comparison
with Glucksberg grade. Br J Haematol. 1997;97:
855-864.

42. Hansen JA, Gooley TA, Martin PJ, et al. Bone
marrow transplants from unrelated donors for pa-
tients with chronic myeloid leukemia. N Engl
J Med. 1998;338:962-968.

43. McGlave PB, Shu XO, Wen W, et al. Unrelated
donor marrow transplantation for chronic myelog-
enous leukemia: 9 years’ experience of the Na-
tional Marrow Donor Program. Blood. 2000;95:
2219-2225.

44. Goldman JM, Gale RP, Horowitz MM, et al. Bone
marrow transplantation for chronic myelogenous
leukemia in chronic phase: increased risk for re-
lapse associated with T-cell depletion. Ann Intern
Med. 1988;108:806-814.

45. Sullivan KM, Weiden PL, Storb R, et al. Influence
of acute and chronic graft-versus-host disease in
relapse and survival after bone marrow transplan-
tation from HLA-identical siblings as treatment for
acute and chronic leukemia. Blood. 1989;73:
1720-1728.

46. Rocha V, Wagner JE, Sobocinski KA, et al. Graft-
versus-host disease in children who have re-
ceived a cord blood or bone marrow transplant

from an HLA-identical sibling. N Engl J Med.
2000;342:1846-1854.

47. Barker JN, Davies SM, DeFor T, Ramsay NKC,
Weisdorf DJ, Wagner JE. Survival after transplan-
tation of unrelated donor umbilical cord blood is
comparable to that of human leukocyte antigen-
matched unrelated donor bone marrow. Blood.
2001;97:2957-2961.

48. Migliaccio AR, Adamson JW, Stevens CE, et al.
Cell dose and speed of engraftment in placental/
umbilical cord blood transplantation: graft pro-
genitor cell content is a better predictor than
nucleated cell quantity. Blood. 2000;96:2717-
2722.

49. Locatelli F, Rocha V, Chastang C, et al. Factors
associated with outcome after cord blood trans-
plantation in children with acute leukemia. Euro-
cord Cord Blood Transplant Group. Blood. 1999;
93:3662-3671.

50. Gluckman E, Rocha V, Garnier F, et al. Analysis
of factors associated with engraftment after um-
bilical cord blood transplantation (UCBT) [ab-
stract]. Blood. 2000;96:588a.

2338 SANZ et al BLOOD, 15 OCTOBER 2001 z VOLUME 98, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/98/8/2332/1677704/h8200102332.pdf by guest on 05 June 2024


