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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. Median age was 29 years (range,
18-46 years), and median weight was 69.5 kg
(range, 41-85 kg). HLA match was 6 of 6 in 1
case, 50f6in 13 cases, and 4 of 6 in 8 cases.

Introduction

Median number of nucleated cells infused
was 1.71 x 107/kg (range, 1.01 X 107/kg to
4.96 x 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 x 10%L was 22 days (range,
13-52 days). Median time to platelets num-
bered atleast20 x 10%L was 69 days (range,
49-153 days). Seven patients (32%) devel-
oped acute GVHD above grade Il, 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 = .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)
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The potential role of unrelated donor cord blood transplantatidgh) Allogeneic hematopoietic stem cell transplantation was expected to be
(UD-CBT) in adults remains unclear. At present, information ofhe best therapy for their disorder. (2) There was no HLA-identical or
the results of UD-CBT in adults comes only from 2 heterogeneoQge—antlgen—mlsmatched related donor. (3) Using International Bone

series of patients with different diseases from registries includi
mainly pediatric case’s? from 2 heterogeneous series of adu
patients recently reported by Eurocbrahd by 5 U.S. centers,
from several small series of adults from a single institui@and

nor (MUD) could be identified in time. (4) A UD-CB unit was available
hat fulfilled 2 criteria: more than X 10’ 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

?\]%arrow Donor registries, no potential HLA-identical matched unrelated
|

from anecdotal case rep(.)F-.f.S%GThis dEfiQit is due mginly L0 grave recipient (HLA class | antigens [A and B] determined by serologic or
concerns about the possibility of graft failure following UD-CBT injow-resolution DNA typing and class Il antigens [DRB1] by high-

adults'” None of the series of UD-CBT in adults have used eesolution DNA typing). (5) There was signed informed consent of each
unique preparative and graft-versus-host disease (GVHD) regimeatient. The local institutional review board approved the information given

The major aim of this study was to evaluate the results & patients and the provision of informed consent. In some cases, an
UD-CBT following a standardized preparative and GVHD regimeﬁu'tol'ogous bapk-up of bone_ marrow or mopilized peripheral blogd hemato-
in a series of 22 consecutive adult patients with hematolod?e'et'c progenitors was available to deal with a potential graft failure.

malignancies. All 20 evaluable patients engrafted. Thirteen patie%;}gI ) .
; . . . . . ection of a CB unit
remained alive and disease-free, with full donor chimerism, 3 to

months after transplantation. All formal searches were conducted by the Spanish Registry of Bone
Marrow Donors (Registro Espahde Donantes de Miila 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
Between May 1997 and December 2000, 22 consecutive patients witkre preferred to major incompatibilities. In choosing between units with
hematologic malignancies underwent UD-CBT at our institution. Patientise same number of HLA disparities, no preference was given to mis-
were eligible for enroliment if they met all of the 5 following criteria: matches for the class | or class Il major histocompatibility complex

Patients, materials, and methods
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antigens. For cases with more than one unit with the same degree of HHAy —5 until engraftment, followed by intravenous ganciclovir (5 mg/kg

mismatch and a similar number of NCs, high-resolution DNA typing oper day) 3 to 5 days per week from engraftment until da}00. CMV

class | antigens (HLA-A, -B, and -C) and class Il antigens (HLA-DRB1infection surveillance and treatment has been described in detail else-

-DQBL, and -DPB1) was performed to define the unit with the best matalvhere? Nonspecific intravenous immunoglobulin was administered to each

All transplanted CB units tested negative for human immunodeficien@atient, at a dose of 500 mg/kg weekly, through to da}00 and then

virus, hepatitis B and C viruses, and human T-cell lymphotropic virus typaonthly during the first year after transplantation.

I. None of the units nor the mothers of the donors were positive for

immunoglobulin M antibody to cytomegalovirus (CMV). Chimerism and minimal residual disease studies

HLA typing of patients and donors The chimerism status after transplantation was studied by PCR-VNTR
(variable number of tandem repeat$f? typing of HLA antigen mis

For confirmatory purposes, all patients and CB units were HLAtyped in Ol atches by SSP-PCR and SSO-P&R and, for transplants from the

laboratory (D.P.). HLA class I serologic typing was performed by a standaghosite sex, fluorescence in situ hybridization (FI8HDetection of

complement-dependent microlymphocytotoxicity technitfléLA-A, -B,  BCR/ABL transcripts in patients with Ph-positive leukemia was performed

-C, -DRB, -DQAL, and -DQB1 low- or high-resolution genotyping was,y reverse transcriptase (RT)-PCR following Cross et al's methcds.

performed by polymerase chain reaction with sequence-specific primegige presence of BCR/ABL rearrangements was evaluated by #ISH.

(SSP-PCRY and HLA-DPBL high-resolution genotyping by PCR and

reverse-hybridization with sequence-specific oligonucleotide prOb%seﬁnitions and statistical analvsi

(SSO-PCRY? ysis
Myeloid engraftment was defined as an absolute neutrophil count (ANC) of

Transplantation procedure 0.5 X 10°/L or greater, on 3 consecutive days, and platelet engraftment as a

Cryopreserved CB units were transported to the Centro de Trasfdeita platelet cpunt of 50(. 1L or hlgher, without transfusion support, fqr !
consecutive days. Time to myeloid or platelet engraftment was defined as

Comunidad Valenciana in a shipping container cooled by liquid nitrogen e time required to reach the first day of engraftment of the relevant cell.

vapor phase and stored in liquid nitrogen until use. The CB unit canister was . )
: . . econdary graft failure was defined as the loss of an engrafted transplant.

left in the gas vapor phase for 5 to 10 minutes before proceeding. The . - .
. - Acute and chronic GVHD were defined and graded according to standard
canister was carefully opened, avoiding damage to the frozen blood bag,” -~ - o )
. T ) - . . criteria1-33A complete response to initial treatment of GVHD was defined

and the identifying information was verified. Thawing of CB units was

performed by Rubinstein et al's meth&dwith minor modifications as ZZ Cozng;plg;tzrre:g‘;tti':n Ct’rf] ::;Slgn;i?hn:ufygpbci):irr\]s mSzI(I: ::;;:rtedtro;gtan:znc:n
described elsewhefeSamples for cell counts, quantitation of CD34 Y 9 Py d 9 Y :

2 - ) . . Patients who had a complete resolution of all signs and symptoms of acute
cells22 cell viability, clonogenic assay8,and microbiology were drawn . )

. ; B GVHD but expired before day 28 were considered unevaluable for
directly from the bag before infusion.

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)
The conditioning regimen consisted of 21 cases on thiotepa (5 mg/kg frchronic phase and those with acute leukemia or myelodysplastic
day on days-9 and—8), busulfan (1 mg/kg every 6 hours on dayg, —6, Syndrome (MDS) in first/second complete remission (CR) at transplantation
and —5), cyclophosphamide (60 mg/kg per day on daysand—3), and were considered to have early disease; patients with CML in accelerated
horse antithymocyte globulin (ATG; Lymphoglobuline, Merieux, Lyonphase or blast crisis and acute leukemia in greater than second CR were
France) (15 mg/kg per day on day$, —4, —3, and—2). One patient, who considered to have advanced disease. Apart from the patients with CML in
had failed to engraft after a MUD peripheral blood stem cell transplantatidifist chronic phase, all the remaining patients were considered to be
(PBSCT) performed 30 days before UD-CBT and conditioned withigh-risk patients. Time to event curves were plotted by using the actuarial
busulfan and cyclophosphamide, received fludarabine (30 fngémday method of Kaplan-Meiet? and differences between curves were analyzed

on days—7, —6, —5, —4, and—3), thiotepa (5 mg/kg per day on days by log-rank test$® In actuarial curves of time to engraftment, patients who
and—6), and ATG (15 mg/kg per day on dayss, —5, —4, —3, and—2).  died before achieving the end point (neutroph€.5 X 10°/L, platelets

To avoid ATG-associated infusion syndrome, patients concomitantly re-20 X 10%/L) were considered as censored data at the time of death. All
ceived paracetamol, chlorpheniramine, and methylprednisolone. Granuiéta were analyzed by February 28, 2001. All statistical analyses were
cyte colony-stimulating factor (Amgen, Thousand Oaks, CA)Bkg per ~carried out with software from the BMDP libraf§.

day subcutaneously) was administered from day 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 b

mouth when oral intake was possible, reduced by 10% per week after déﬁsu":s
+180) and prednisone (0.5 mg/kg on dayg to +14, 1 mg/kg on days
+14 to +28, 0.8 mg/kg on days-29 to +56, 0.5 mg/kg on days-57 to

+90, 0.2 mg/kg on days-91 to +120, and 0.1 mg/kg on days121 10 The majn characteristics of the patients are summarized in Table 1.
+180). Patients developing acute GVHD received high-dose methylpreg

) ) X . Sixteen patients had high-risk malignancies (6 CML not in first
nisolone (20 mg/kg per day; halving the dose every 3 days until reachin f{1r0nic hase, 9 high-risk acute leukemia, 1 high-risk MDS). The
mg/kg per day, and then gradually tapered) as initial therapy, followed P ’ 9 ! 9 ’

ATG in refractory cases. Chronic GVHD was treated with prednisone ;{atlent with de novo acute myeloblastic leukemia (AML) was

Preparative regimen and GVHD prophylaxis

Patient characteristics

mg/kg per day for 6 to 9 months. considered to have high-risk AML due to hyperleukocytosis and
achievement of CR only after salvage chemotherapy. The patient
Supportive care with MDS had an International Prognostic Scoring System score

Patient e keot in reverse isolation under hiah-efficien ticulat e_gual to 3.57 was in first CR after AML-type chemotherapy, and
atients were kept In reverse isolation under high-efliciency particuate gis engraftment failure after MUD-PBSCT. Eight patients with
filtration. Ciprofloxacin, cotrimoxazole, and fluconazole were given a;

anti-infectious prophylaxis. The use of intravenous antibiotics and Iipos§—ML in the chronic phase had previously received AML-type

mal amphotericin B, and the transfusion policy adopted, were those usudiifemotherapy for mobilization and harvest of hematopoietic
employed when handling neutropenic patients. All transfused produd&ogenitors from peripheral blOQd as part of an ongoing .p.rotocol
were irradiated and depleted of leukocytes. As CMV prophylaxis, alpr autologous PBSCT. Two patients with CML in blast crisis had

patients received intravenous acyclovir (400 myéwery 12 hours) from received daunorubicin and cytarabine in an unsuccessful attempt to
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Table 1. Patient characteristics

Parameter

Median (range)  No. of patients (%)
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Table 2. Degree of HLA match, cell dose, storage time of CB units, ABO blood

group match, and sex combinations

No. of
Patients 2 Parameter Median (range) patients (%)
Age,y 29 (18-46)
30 or younger 12 (55) Degree of HLA match (HLA-A and -B by
Older than 30 10 (45) low-resolution and DRB1 by high-
Sex resolution techniques)
Male 12 (55) 60f6 1(5)
Female 10 (45) 50f 6 13 (59)
Weight, kg 69.5 (41-85) 40f6 8 (36)
Diagnosis NCs cryopreserved, X 107/kg 2.48 (1.54-6.90)
CML 12 (45) NCs infused, X 107/kg 1.71 (1.01-4.96)
CP1/CP2 6/2 CD34" cells infused, x 10%kg 0.79 (0.27-2.60)
AP/BC 13 CFU-GM infused, x 10%kg 1.77 (0.05-10.80)
ALL 6 (27) Time from storage of CB unit to CBT, mo 22 (7-57)
ALL in CR1 5 ABO blood group mismatch
1(9;22) 4 Major 6 (27)
t(4;11) 1 Minor 3(14)
ALL in CR3 1 None 13 (59)
AML 3(14) Sex combinations
Secondary AML in CR1 2 Recipient male/donor female 8 (36)
De novo AML in CR1 1 Recipient male/donor male 4(18)
MDS 1(5) Recipient female/donor male 7(32)
Time from diagnosis to CBT, mo 10 (5-125) Recipient female/donor female 3(14)
Time from the start of search to CBT, mo 4 (0.25-12)
Previous HSCT 4 (18)
Conditioning regimen NCs was 2.48< 107/kg (range, 1.54x 107/kg to 6.90X 107/kg).
TT + BU + CY + ATG 21 (95) Thus, the median proportion of NCs lost during thawing was 30%
FLU+TT + ATG 1(5) (range —5% to 61%). The median time that elapsed between
CMV serology storage of the CB unit and transplantation was 22 months (range,
Positive 17 @ 7-57 months). There was a major ABO blood group mismatch in 6
Negative 5 (23)

cases and a minor mismatch in 3 cases (Table 2).

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.

Engraftment

Two patients died on day-10 and +25 without evidence of

myeloid engraftment. All 20 patients who survived for more than
revert the disease to the chronic phase. Three patients with CML3@ days experienced myeloid engraftment. The median time to
who received transplants in chronic phase and 1 in blast crisis) hadich an ANC above 0.5 10°/L and above 1x 10°/L was 22 days
undergone previous autologous PBSCT 24 months, 33 months, érahge, 13-52 days) and 25.5 days (range, 14-64 days), respec-
34 months before UD-CBT, respectively. Five of the CML patientvely. The cumulative probability of ANC recovery above
had previously received interferon without achieving a cytogenetic5 x 10°L was 100% at 60 days (Figure.IThe 2 patients with
response. In the overall series, the median time from the start of the slowest myeloid engraftment were (1) a patient who had
search for a CB unit to transplantation was 4 months (range, 0.2-d2dergone transplantation in a blast phase refractory to AML
months). In most instances, the reason for delaying transplantatairemotherapy and who had a persistent massive splenomegaly and
after a CB unit had been selected was the need for achieving CB a patient who received the lowest NC dose. In the former, the
and/or the administration of consolidation chemotherapy prior ®\C returned to normal immediately after splenectomy. All 20
transplantation. 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
Eleven CB units were supplied by the Barcelona Cord Blood Baniortly after engraftment. At that time, this patient had a mixed
3 by the Placental Blood Program at the New York Blood Center,@mera (predominantly of the donor) based on PCR-SSP to HLA
by the Milano Cord Blood Bank, 2 by the London Cord Blood
Bank, and 1 each by the'Bseldorf Cord Blood Bank, the France 1

CB unit characteristics and degree of HLA mismatch

Greffe de Moelle, the St Louis Cord Blood Bank, and the Colorado £ og
Cord Blood Bank. By means of serologic and/or low-resolution 5
DNA typing for class | antigens and high-resolution DNA typing % 061
for class Il HLA alleles, 8 CB units were matched for 4 of 6 HLA g 041
antigens, 13 for 5 of 6, and 1 showed a complete match. In 20 cases, E 02 ]
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.X110/kg (range,
1.01X 107/kg to 4.96x 107/kg). Only 6 patients received more _ _ ) ) )

Y NC kiloaram and in onlv 3 was the number OEgure 1. Kaplelm-Me|er estimate oflthe time to myeloid engraﬁment (AN(.:.
than 2x 10 S per kilog ' y S W u 0.5 x 109L) in 22 adults undergoing UD-CBT.  The cumulative probability of
NCs more than 3.% 107/kg. The median number of cryopreservednyeloid engraftment was 100% at 60 days.
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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 2010°/L and above 50< 10%/L

was 69 days (range, 49-153 days) and 105 days (range, 60-171
days), respectively. The cumulative probability of platelet recovery
above 20X 10°L and 50X 10°L was 90% (95% confidence ' ' .
interval [Cl], 72%-100%) at 150 days (Figure 2) and 100% at 180 24 36 48
days, respectively. Months

=1
o
L

EN
\

Probability

<
S
-

=
N
L

<

=}
S

f Figure 3. Kaplan-Meier estimate of DFS in 22 adults undergoing UD-CBT. The
Acute and chronic GVHD expected DFS at 1 year was 53% (95% Cl, 31%-75%).
All but 1 patient developed acute GVHD. The clinical grading of acute
GVHD was grade | in 5 cases, grade Il in 9 cases, grade Il in 3 cases,

and grade IV in 4 cases. The median time to the development of adli® agt on outcomg; 9 of 12 patlgnts aggd 30 years or younger
ain alive and disease-free, with a projected actuarial DFS of

GVHD was 9 days (range, 4-14 days). Skin involvement was obser\ff Y, (95% CI, 45%-100%6) at 1 year, whereas only 3 of 10 patients

in 21 cases (stage 1 in 2, stage 2 in 10, stage 3 in 7, stage 4 in . . .
(stag 9 d g éd more than 30 years at transplantation remain alive and

intestinal involvement in 6 cases (stage 1 in 2, stage 4 in 4), and i . . 0 0 0 0
involvement in 10 cases (stage 1 in 4, stage 3 in 4, stage 4 in 2). seV&iT ase-free, with a prOjected DFS_ of 27 A) (95% CI, O.A)'57 %) at 3
onths P = .01) (Figure 4). Patients with early disease also

ients had isol kin invol . Di is of GVHD
patients had isolated skin involvement. Diagnosis of G W owed some trend for a better DAS= .09). Cell dose, whether

histopathologically confirmed by skin biopsy in 16 cases, by "V&rgopreserve d or infused, degree of HLA match, recipient CMV

biopsy in 2, and at autopsy in 3 cases. Twelve patients showe & d risk cat f th tient had t effect
complete response of acute GVHD after high-dose methylprednisoloﬁﬁgé’san risk category ot the patient had no apparent efiec

6 were refractory (1 with grade 11, 2 with grade Ill, 3 with grade IV acut® . . . )
GVHD), and 3 were considered unevaluable. Two of the 6 patients wijth Ten patients, including 7 with CML (3 who underwent transplan-

steroid-refractory acute GVHD responded to salvage therapy &Iion in first chronic phase, 1 in accelerated phase, and 3 in blast

GVHD, 2 were refractory, and 2 were considered unevaluable. Nine%+s's) and 3 with Ph-positive ALL (who underwent transplantation

; . . . in CR1) died 10 to 150 days after transplantation. The cumulative
10 patients at risk developed chronic GVHD. Chronic GVHD wad bability of transplantation-related mortality (TRM) at 100 days

limited in 5 cases and extensive in 4 cases. Chronic GVHD ngo
. . . . S was 43% (95% ClI, 21%-65%). The main cause of death was
responsive to prednisone and cyclosporine, except in 1 patient in wh o ' . X

sponsive fo p S yclosporine, exceptin - patient in whp ection in 4 cases, GVHD in 2, hemorrhage in 2, secondary graft

chronic GVHD had progressed from refractory grade IV acute GVHI?V.].I in 1 d ditioni . toxicity in 1. Wh I
The median time to the development of chronic GVHD was 121 da&I r:Jtrr?b "t1'n ' f; gonof' :joenall?r? rzgrllemaescooﬁtceltg flg '.n fect'eonn a a
(range, 100-325 days). Notably, only 1 of the patients with chronic lbuling causes w u o lon was

GVHD had hepatic involvement, whereas 3 had pulmonary invoIvB-resent in 9 cases, GVHD in 4, hemorrhage in 3, conditioning

ment, which was suggestive of bronchiolitis obliterans of mild t{)e_glglme_n eincli/ct)r cy(t‘._loslporlﬂestoxlc_:ltytIn 2th ?&Ls_ecgrlwdetlry _g_raft
moderate degree. ailure in 1. Interestingly, all 3 patients wi in blast crisis

were BCR/ABL-negative by FISH, and 2 of them were negative by
Outcome RT-PCR, at the time of death.

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 EBISCUSSION
received transplants in first and 2 in second chronic phase), 3 AL

(2 received transplants in first remission [CR1] [1 with t(9;22) an hls.serles of UD-CBT in adu.lts with hgmaFoIoglc .mallgnanc[es,
1 with t(4;11)], 1 in third remission [CR3]), 3 AML (2 with the first to employ a standardized conditioning regimen, a unique

secondary AML, 1 with high-risk de novo AML), and 1 MDS. All 6 GVHD prophylaxis, and a common supportive treatment, demon-

patients with Ph-positive disorders were BCR/ABL-negative b rates short- and long-term hematopoietic engraftment and the

FISH and RT-PCR at last follow-up. The Karnofsky activity scor@©SPect for cure in a substantial proportion of patients. This is
in patients still alive ranges from 90% to 100%. The actuariﬁart'cmarly true for young adults who receive transplants in the

disease-free survival (DFS) in the overall group of patients Wgéa\rlier phases of their disease.
53% (95% ClI, 31%-75%) at 1 year (Figure 3). Age had a strong

1 08 | <30 years
£ 05 ] ol .
< = 0.6
< =
£ 06 E
° 2 0.4 > 30 years
Z 04 =
= 0.2
g 02
o 0 T T T T v d
0 +—+—4—+4— T 0 12 24 36 48
0 30 60 90 120 150 180 Month
onths

Days
Y Figure 4. Kaplan-Meier estimate of DFS according to age at transplantation in

Figure 2. Kaplan-Meier estimate of the time to platelet engraftment (platelets 22 adults undergoing UD-CBT. The DFS for patients aged 30 years or less was
> 20 x 109L) in 22 adults undergoing UD-CBT.  The cumulative probability of  73% (95% CI, 45%-100%) at 1 year, whereas DFS for patients aged more than 30
platelet engraftment was 90% (95% CI, 72%-100%) at 150 days. years was 27% (95% Cl, 0%-57%) at 3 months (P = .01).
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Despite its theoretical advantages over bone marrow transplamtigens, only 13 patients (34%) developed grade Il to IV acute
tation (BMT) from unrelated donof$, the lower number of GVHD.® Among 108 adults with hematologic malignancies re
hematopoietic stem cells in CB compared with bone marrowprted by Eurocord, of whom 102 had at least 1 HLA mismatch (1
together with preliminary data showing the importance of cell dose 38 cases, 2 in 51, 3 in 13 cases), the probability of developing
for the outcome of CBT? have been of major concern in adultgrade Il to IV acute GVHD was 41% and of developing grade Ill to
patients. At present, it is almost impossible to evaluate the potentisll acute GVHD was 26%; chronic GVHD occurred in 15 of 58
role of UD-CBT in adults. First, information about the results opatients at risk. In the recently reported joint study by 5 U.S.
UD-CBT in adults is only available through reports from regisinstitutions, with 71% of patients receiving CB units that were
tries'-3 (2 of them comprising mainly childréf), a joint study from disparate for 2 or more HLA antigens, the probabilities of grade Il
5 U.S. centers reported in abstract faremall study series from single to 1V, grade Il to IV acute GVHD, and chronic GVHD were 60%,
institutions$-° (reported mostly only in abstract foPi¥9), or as anecdotal 20%, and 38%, respectivetyn the present series, most patients at
case report¥16 Secondly, in all but one instarfcthe populations of risk experienced some degree of acute and chronic GVHD, and the
patients and the conditioning regimens have been heterogeneous. grodability of developing acute GVHD of grade Il to IV and of
present series included only adult patients who received the sagnade Il to IV was 63% and 32%, respectively. Apart from the
conditioning (except one case) and who were managed uniformlysmall numbers, subjectivity in the application of the grading system
terms of prophylaxis and treatment of GVHD as well as with respectfor reporting acute GVHD among marrow transplant centers may
anti-infection and transfusion policy. account, at least in part, for these different®8.This variance

In the present series, the cell dose infused and the degreecofild also be due to differences in the prophylaxis and treatment of
HLA mismatch between recipients and CB units was very similacute GVHD and other factors. It also should be noted that 7
to that reported for adults by the New York Placental Bloogatients in the present series experienced acute GVHD of the skin
Progranmy: Eurocord!-2 and single centef® As expected, the cell only and that acute GVHD was responsive to therapy in most
dose infused to the patients was clearly lower than that reported fatients. However, although higher than in other reports of
children2 In a recent report from Duke Universityncluding 38 UD-CBT in adults, the incidence of acute GVHD in the present
transplantations involving adults, only 2 patients experiencesries was less than would be expected for adults receiving bone
autologous recovery and 6 died from infection 18 to 89 days afterarrow from mismatched unrelated donors. As reported before by
transplantation with no evidence of engraftment. In the combinedir group? the clinical pattern of chronic GVHD seems somewhat
experience of UD-CBT in adults at 5 U.S. institutions, including 68ifferent than that usually seen after MUD-BMT. Only 1 patient
patients, the actuarial probability of neutrophil engraftment wdsad hepatic involvement, whereas 3 patients had pulmonary
92%?# The more extensive series of 108 adults undergoing UBymptoms that were suggestive of bronchiolitis obliterans of
CBT reported by Eurocord had a myeloid engraftment rate of 81ftoderate degree. Conceivably, unnoticed isolated lung involve-
at 60 days.In the present series, all 20 patients who survived moraent by GVHD may have contributed to the high death rate by
than 30 days had myeloid engraftment, and only 1 patieptimonary disease noted in a previous report on UD-EBT.
(interestingly, the one who received the lower cell dose) experi- Whether due to the slower speed of myeloid and platelet
enced loss of engraftment. Time to myeloid engraftment wangraftment, GVHD, or defective immunologic reconstitution,
shorter than expected for adults undergoing UD-CBT8Inthe 2 TRM is the major drawback of UD-CBT. In our experience, TRM
larger series studied by Eurocérand by the 5 U.S. centef¢he at day 100 was 43% and was mainly due to infection, bleeding, and
median time to achieve an ANC above X510°/L was 32 days GVHD. This figure is similar to that observed by others in both
and 27 days, respectively,whereas it was 22 days in our series. ladult$:® and childreA? undergoing UD-CBT. As has occurred in
is possible that the intensity of conditioning, as has been recenthe MUD-BMT setting?>43 increasing experience with UD-CBT,
suggested to occur in children undergoing CBT from a relatédcluding a better selection of CB units for transplantation, may
donor for hemoglobinopath, and the use of ATG to further reduce TRM. In fact, the preliminary data of UD-CBT in adults by
decrease the immune response in the recipient could have faddisrocord show a significant reduction in TRM at day 100 in
tated engraftment in our patients. The use of granulocyte colortyansplantations performed after January 1998.
stimulating factor in all cases may have also played some role. In Based on data from T-cell-depleted B#Tand the strong
agreement with previous studies in both children and addlt$, inverse relationship between the development of GVHD and
platelet engraftment was delayed after UD-CBT. Nonetheless, ritlapse risk in unmanipulated BMT,it has been speculated that
should be noted that although some patients died early withdbe lower number of T cells in CB units coupled with the lower
platelet engraftment, all patients with sufficient follow-up demonincidence of GVHD in UD-CBT could underlie a higher risk of
strated a complete and sustained recovery of platelet countsrétapse. Nonetheless, 3 recent reports comparing CBT and unma-
normal levels. Full donor chimerism, as in other sefiegas nipulated BMT from HLA-identical sibling$ and from unrelated
observed soon after transplantation, before &4 in all but 2 donor§®4” among children with leukemia have shown a similar
cases. This chimerism status persisted in all but one case, whesk of relapse. In our short experience, none of the patients have
there was secondary graft failure. relapsed and all evaluable patients remain in molecular remission

Data from registries, including mainly childréd, and the atthe most recent follow-up. Furthermore, all 3 patients with CML
results of a recent nonrandomized comparative study of UD-CBi blast crisis at transplantation who died were in cytogenetic
and MUD-BMT in children with acute leukenfisuggest that, remission by conventional cytogenetics and FISH techniques, and
despite a higher degree of HLA mismatch, the risk of acute a@were in molecular remission by RT-PCR shortly before death.
chronic GVHD after UD-CBT is lower than after unmanipulated At present, the long-term outcome of UD-CBT in adults cannot
MUD-BMT. In adults, although the reported incidence of acute artie properly evaluated, owing to small numbers, short follow-up,
chronic GVHD after UD-CBT seems higher than in children, thand heterogeneous patient populations. In the present series, using
preliminary data point in the same w&$¢In the Duke University a standardized regimen, the estimated probability of DFS at 1 year
series, in which 35 of 38 patients were mismatched in 1 to 3 HL#Was 53%. The cell dose infused per kilogram, measured as NCs per
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kilogram2 colony-forming unit granulocyte macrophage (CFUthat a minimum threshold of NCs per kilogram is infused),
GM) infused per kilogrant® or CD34" cells infused per kilograrf, although important, is not as critical for the outcome of UD-CBT as
and the status of the disease at transplant&titfithave emerged as it is for children. It should be stressed that the cell dose infused per
strong indicators of survival after UD-CBT. The number of HLAkilogram reflects not only the cell dose content of the CB units but,
mismatches have not demonstrated a significant relationship wiitidirectly, other recognized prognostic factors for outcome after
survival in 2 large series?but a recent report has shown that it is allogeneic stem cell transplantation, such as‘éd&weight?*3 and
relevant factor for engraftmeftWe found that age at transplanta disease status.

tion had a clear impact on DFS, with a poorer outcome for patients Our data, in agreement with other reports, show that UD-CBT,
aged more than 30 years. Furthermore, there was some trend fdeapite the low cellular dose infused, is capable of promoting
better DFS in patients with standard-risk disease status at transpkustained hematopoietic engraftment in most adult recipients with
tation. However, neither the cell dose cryopreserved or infuséématologic malignancy. They also suggest that UD-CBT can
(measured as NCs, CFU-GM, and CD3eells per kilogram) nor result in long-term DFS in many of these patients, particularly in
the number of HLA disparities showed any apparent associatigounger patients who receive transplants in earlier stages of their
with DFS. The more likely explanation for these somewhatiseases. Because ongoing experience in the use of MUD-BMT has
surprising findings about the lack of impact of these 2 lateesulted in a significant increase in the success of this procedure,
variables may simply be that they are due to the small numbertble same will probably hold true for UD-CBT. All of these
patients studied. Nevertheless, it could also be due to other reasgmsliminary results suggest that indications for UD-CBT in adults
For example, for adults, it is possible that the cell dose (assumislould be reviewed.
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