CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Survival after transplantation of unrelated donor umbilical cord blood is
comparable to that of human leukocyte antigen—matched unrelated
donor bone marrow: results of a matched-pair analysis

Juliet N. Barker, Stella M. Davies, Todd DeFor, Norma K. C. Ramsay, Daniel J. Weisdorf, and John E. Wagner

Umbilical cord blood (UCB) is being in-
creasingly used for hematopoietic stem
cell transplantation and has been associ-
ated with a reduced incidence of severe
graft-versus-host disease (GVHD). To fur-
ther investigate the relative merits of unre-
lated donor UCB versus bone marrow
(BM), a matched-pair analysis comparing
the outcomes of recipients of 0 to 3
human leukocyte antigen (HLA)—mis-
matched UCB and HLA-A, B, DRB1-
matched BM was performed. UCB pa-
tients, who received cyclosporine (CSA)
and methylprednisolone (MP), were
matched for age, diagnosis, and disease
stage with BM patients, who received

either methotrexate (MTX) and CSA (26
pairs) or T-cell depletion (TCD) and
CSA/MP (31 pairs). Patients were predomi-
nantly children (median age, 5 years) un-
dergoing transplantation for malignancy,
storage diseases, BM failure, and immu-
nodeficiency syndromes between 1991
and 1999. Although neutrophil recovery
was significantly slower after UCB trans-
plantation, the probability of donor-de-
rived engraftment at day 45 was 88% in
UCB versus 96% in BM-MTX recipients
(P = .41) and 85% in UCB versus 90% in

BM-TCD recipients ( P = .32), respectively.

Platelet recovery was similar in UCB ver-
sus BM pairs. Furthermore, incidences of

acute and chronic GVHD were similar in
UCB and BM recipients, with 53% of UCB
versus 41% of BM-MTX recipients alive
(P = .40) and 52% of UCB versus 56% of
BM-TCD recipients alive at 2 years
(P > .80), respectively. These data sug-
gest that despite increased HLA disparity,
probabilities of engraftment, GVHD, and
survival after UCB transplantation are
comparable to those observed after HLA-
matched BM transplantation. Therefore,
UCB should be considered an acceptable
alternative to HLA-matched BM for pediat-
ric patients. (Blood. 2001;97:2957-2961)

© 2001 by The American Society of Hematology

Introduction

Hematopoietic stem cell (HSC) transplantation, using human For many patients, both unrelated donor BM and UCB are
leukocyte antigen (HLA)-matched sibling or unrelated bone maavailable as potential options for transplantation. However, to date
row (BM) donors, has been used successfully to treat patients witlere have been no reported comparisons of the outcomes of UCBT
high-risk or relapsed hematologic malignancies, BM failure syrversus BM transplantation (BMT) in the unrelated setting. To
dromes, and hereditary immunodeficiency and metabolic disdermally compare the outcomes of patients undergoing transplanta-
ders! However, use of this therapy has been limited by availabilitiion using these different HSC sources, a matched-pair analysis of
of fully HLA-matched donors, despite the increasing size ddatients who have undergone unrelated donor UCBT or BMT at a
unrelated donor registri@stor those transplanted with unrelatedsingle institution was performed. The results include comparisons
donor BM, increased HLA disparity adversely affects survival duéf hematopoietic recovery, acute and chronic GVHD, mortality at
to increased risks of severe acute and chronic graft-versus-h@ay 100, survival, and causes of death.

disease (GVHD) and opportunistic infection. Only young recipi-

ents are able to tolerate a single HLA-A, B, DRB1 mismatch in this
setting3® To potentially extend the donor pool, umbilical cord_ | .

blood (UCB) has been used as an alternative source of HSC. Sifigatients, materials, and methods

the first unrelated donor UCB transplant in 1993, approximatep,anis

1500 UCB transplants have been performed worldwide. It has been

shown that cryopreserved unrelated UCB from 0 to 3 HLA-A, B,,AII patients who had undergone unrelated donor UCBT at the University of
DRB1-mismatched donors contains sufficient HSC to engraft md\é'{nnesota were eligible for analysis. Patients were eligible for unrelated

ediatric patient§:1°In addition to rapid availability and very low UCBT if HLA-compatible related or unrelated BM donors were not
P P ’ P y y available within 3 months of search initiation. The UCB patients underwent

rgte of contaminatioln with hgrpes group viruses, UCB transplanttgénsplamation between 1994 and 1999 with 0 to 3 HLA-A, B, DRB1-
tion (UCBT) results in a low incidence of both severe acute GVHRismatched UCB units obtained from the Placental Blood Programs at the
and extensive chronic GVHD, despite the use of grafts witkew York Blood Center and the St Louis Cord Blood Bank, and through
substantial donor-recipient HLA disparity* Netcord. Recipients of HLA-A, B, DRB1-matched unrelated donor BM
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used for comparison had a transplantation performed between 1991 &tdtistical analysis

1999 using BM donors identified by the National Marrow Donor Progra
9 g 9 rT]r‘he major study end points were neutrophil and platelet engraftment, acute

Patients who had a previous allogeneic HSC transplantation, or an : )
. - P L 9 - P ' VHD (grades lI-IV and llI-1V), chronic GVHD, and survival. Other
immunodeficiency state not requiring myeloablative therapy, or who were . .

. . outcomes evaluated were 100-day mortality and causes of death. Eventtime
alive but with fewer than 100 days of follow-up were excluded.

Sixtv-th inients of lated d UCBT idered ffor neutrophil engraftment was the date of transplantation to the first of
Ixly-three recipients ot unrelated donor were considere consecutive days with an absolute neutrophil count (ANC) aboxe 5

potential mat(.:hlng with remplgnts of B,MT' Patient dlagnoses.lncludeiiogll_. The cumulative incidence of neutrophil engraftment was calculated
acute leukemia, myelodysplasia, chronic myelogenous leukemia (CM}%’ treating patients with very slow engraftment (ie, achieved an ANC
BM failure syndromes (Fanconi anemia or severe aplastic anemiaj,g w 108/ after day 45) or patients who failed to have marrow
immunodeficiency disorders, or inborn errors of metabolism. Patients WitB-onstitution of donor origin as graft failures. Patients were censored if
malignancy qualified as standard risk if they were in first or secormey died prior to day 28 after transplantation or had a diagnosis of
complete remission (CR1 or CR2), or chronic phase CML, or had N@ursistent diseadé.The cumulative incidence of platelet independence
high-risk cytogenetics (eg, acute lymphoblastic leukemia with t(4;11) @fefined as 14 consecutive days without a platelet transfusion) was
1(9;22)). Patients in CR3, relapse, CML beyond chronic phase, or who hggiculated by treating deaths from other causes as competing risks. The
myelodysplasia or high-risk cytogenetics were classified as highrisk.  estimate of the overall proportion of engraftment, without regard to the time
For all patients, HLA-A and -B typing was determined by serologyto engraftment, was perfomed by a McNemar tést.
whereas HLA-DRB1 allele level typing was determined by high-resolution The cumulative incidence of acute and chronic GVHD was also
molecular techniques. Treatment protocols for myeloablative therapy acalculated by treating deaths from other causes as competing risks.
the use of unrelated HSC from UCB or BM were reviewed and approved Bjagnosis of GVHD was based on standard clinical criteria with histopatho-
the Institutional Review Board of the University of Minnesota. Writterlogic confirmation where possiblé18 The statistical end point of survival
informed consent was obtained from the patients or their parents beforas estimated by the Kaplan-Meier metH6&vent times for survival were

transplantation. measured from date of transplantation to date of death or date of
last contact.
Statistical comparisons for the end points were completed with the
Conditioning and GVHD prophylaxis Prentice-Wilcoxon test for matched palfsTo compare patient and

All patients, regardless of HSC source, were conditioned with cyclophospﬁf’:\qnsmam characteristics between UCB and BM recipients, the Pegtson

mide (CY), 120 mglkg, fractionated total body irradiation (TBI), 1320 ttest was performed for categorical factors, and the Wilcoxon test was used

1375 cGy, except for a minority in whom TBI was contraindicated whcctOr continuous variables

received CY, 200 mg/kg, and busulphan, 16 mg/kg (3 UCB and 6 BM
patients). Patients with Fanconi anemia received a dose-reduced preparative
regimen as previously describ&lAll UCB recipients received antithymo R |
cyte globulin (ATG), 15 mg/kg, on days3 to —1 every 12 hours for 6 esults
doses, and 71% received granulocyte colony-stimulating factor (G-CSF)pRtiant characteristics
wg/kg daily from day O until neutrophil engraftment. GVHD prophylaxis
for UCBT consisted of cyclosporine (CSA) for 6 months, maintaining #he demographics of the UCB and BM patients matched for age,
trough blood level of more than 2Q0g/L, and methylprednisone (MP) 1 diagnosis, and disease risk are shown in Table 1. There were no
mg/kg every 12 hours days 5 to 19 after transplantation. significant differences in recipient age, weight, diagnosis in either
Two different approaches to GVHD prophylaxis were used for patientycg versus BM-MTX or UCB versus BM-TCD matched pairs.
undergoing unrelated donor BMT: methotrexate (MTX) and CSA fohace, gender, months from diagnosis to transplantation, and
recipients of unprocessed BM (designated BM-MTX) or T-cell depletion, , yiinning regimens were also similar (data not shown). The vast
(TCD) followed by CSA and MP (designated BM-TCD). Selection of ajority of UCB grafts were 1 to 2 HLA mismatched (77% in the
patients for either method of unrelated donor BMT was determined by t . . ) . % in UCB
current institutional study available for which all patients were eligible: C,B,rECIpIenFS mat(?hed with BM MT,X patients and 87% in U
This choice was not determined by disease or disease risk. The metho&%!p'ents pa_'red with BM-TCD patients). In contrast, all BM
BM processing was counterflow elutriation for all TCD recipietitShose patients received HLA-A, B, D_RBl'matCh?d_graﬂs' ln_the ucs
in the BM-MTX arm received methotrexate, 15 m@/on day+1 and 10 Versus BM-MTX matched pairs, the majority of patients had
mg/n? on days+3, +6, and+11. The BM-TCD recipients received ATG hematologic malignancy (65%), whereas in the UCB versus
before transplantation, and MP days 5 to 19 after transplantation, identi&-TCD data set, the majority of patients had a metabolic storage
to that given to UCB recipients. Both BMT groups received the same CSlisease (52%). Year of transplantation also differed somewhat
prophylaxis as for UCB recipients. Since January 1997, G-CSF whetween the recipients of UCB and BM because all UCB transplan-
administered to BMT patients at hg/kg per day from day 7 until tations were performed since 1994 (Table 1). Differences in the cell
neutrophil engraftment. dose between UCB and BM grafts in recipients of MTX reflect the
different nature of the HSC sources, with TCD of BM yielding
similar nucleated cell doses to UCB grafts. Fewer UCB recipients
were CMV positive as compared with those receiving BM-TCD
Recipients of HLA-matched unrelated donor BM were divided into 226% versus 52%pP = .04), but there was no difference in

cohorts for comparison: those who received BM-MTX and those wheacipient CMV seropositivity within the UCB versus BM-MTX
received BM-TCD. Thus, 2 data sets were derived for comparison {pyi5 set (31% versus 38R = .56).

recipients of 0 to 3 HLA antigen-mismatched unrelated donor UCB.
Matching criteria were recipient age: (3 years), diagnosis, and risk statusEngraftment

(malignancy patients only). If multiple BM recipients matched with a UCB . o ) o
recipient, preference was given to the BM recipient with the closest ajieutrophil recovery was significantly delayed in UCB recipients
followed by the closest year of transplantation. The 2 cohorts weldhen compared with those receiving either BM-MTX (29 days
compared for recipient weight, gender, conditioning regimen, recipieli@nge, 2-54] versus 22 days [range, 3-29}= .03) or BM-TCD
cytomegalovirus (CMV) seropositivity, graft cell dose, year of transplant4d27 days [range, 13-54] versus 14 days [range, 8-P9%; .01)
tion, and median follow-up. (Figure 1). However, by day 45 the overall engraftment rate of 88%

Selection of matched pairs
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Table 1. Demographics of unrelated donor umbilical cord blood versus bone marrow—methotrexate recipients
and umbilical cord blood versus bone marrow—T-cell depletion recipients

ucB BM-MTX P ucB BM-TCD P
N 26 26 31 31
Age (y)* NS NS
Median (range) 4.5 (0.2-17.9) 4.7 (0.6-17.7) 5.8 (0.2-17.9) 6.8 (0.5-1.7)
Weight (kg) NS NS
Median (range) 19.6 (5-78) 19.7 (5.9-80) 20.2 (5-91) 21.0 (5.7-91)
Transplant year < .05 NS
1991-1993 0 (0%) 5 (19%) 0 (0%) 1 (3%)
1994-1999 26 (100%) 21 (81%) 31 (100%) 30 (97%)
HLA disparity
3/6 1 (4%) 0 0 0
4/6 8 (31%) 0 5 (16%) 0
5/6 12 (46%) 0 22 (71%) 0
6/6 5 (19%) 26 (100%) 4 (13%) 31 (100%)
Diagnosis* NS NS
ALL 10 (38%) 10 (38%) 8 (26%) 8 (26%)
AML 5 (19%) 5 (19%) 3 (10%) 3 (10%)
MDS 1 (4%) 1 (4%) 1 (3%) 1 (3%)
CML 1 (4%) 1 (4%) 0% 0%
FA/SAA 3 (12%) 3 (12%) 3 (10%) 3 (10%)
Immunodeficiency 3 (12%) 3 (12%) 0% 0%
Storage disease 3 (12%) 3 (12%) 16 (52%) 16 (52%)
Risk* NS NS
High 15 (58%) 15 (58%) 24 (77%) 24 (77%)
Standard 11 (42%) 11 (42%) 7 (23%) 7 (23%)
Cell dose x 108/kg <.05 NS
Median (range) 0.3 (0.1-2.8) 2.0 (1.9-4.0) 0.3(0.1-2.8) 0.5 (0.2-2)

UCB indicates umbilical cord blood; BM-MTX, bone marrow—methotrexate; BM-TCD, BM—T-cell depletion; NS, not significant; HLA, human leukocyte antigen; ALL, acute
lymphoblastic leukemia; AML, acute myeloblastic leukemia; MDS, myelodysplasia; CML, chronic myelogenous leukemia; FA, Fanconi anemia; SAA, severe aplastic anemia.
*Indicates matching criteria.

versus 96% in UCB versus BM-MTX recipient® & .41) and Notably, there were no marked differences in the incidence of
85% versus 90% in UCB versus BM-TCD recipiens= .32), graft failure in the UCB and BM recipients (2 UCB versus 1
respectively, were not statistically different (Table 2). BM-MTX and 5 UCB versus 3 BM-TCD recipients, respectively).

The difference in time to achieve platelet independence in tidl episodes of graft failure were early (before day 60) except for
UCB versus BM-MTX recipients was not statistically significantone BM-MTX and one UCB recipient.
taking 66 days (range 0-255) versus 30 days (range 12-89) ]
(P = .12). UCB versus BM-TCD recipients were similar at 61 day§Cute and chronic GVHD
(range 19-255) versus 59 days (range 11-1825(.74) (Figure 2).  Grages |1, 111, and IV acute GVHD developed in 42% of UCB

At 6 months platelet engraftment was similar, being 72% in Ucﬁecipients versus 35% of those receiving BM-MTK £ .80) and

versus 76%, in BM-MTX rgqipientsF(> -80) and ,84% N UCB 3604 in UCB versus 35% in BM-TCD recipient® & .80) (Table
versus 84%in BM-TCD recipient®(> .80), respectively (Table 2). 2). In addition, rates of severe grade Ill to IV GVHD in the UCB

and BM pairs were similar: 19% (4%-34%) versus 8% (0%-18%)

1.0 in UCB versus BM-MTX recipientsR = .32) and 10% (0%-20%)
BM-MTX versus 13% (1%-25%) in UCB versus BM-TCD recipients
g 0.8 (P = .78). Although there was a trend toward less chronic GVHD
5 in recipients of UCB, particularly when compared to recipients of
L%f’ 0.6 BM-MTX, the differences did not reach statistical significance
- (UCB versus BM-MTX, P = .12 and UCB versus BM-TCD,
.g 0.4 P = .32) (Table 2).
:OL Survival
2 0.2
A~ Survival at 100 days and 2 years was comparable between UCB
0.0 £ and BM pairs. At 100 days there was a 27% (95% CI 10-44)

T I I I I I I I i

0 5 10 15 20 25 30 35 40 45 mortality in UCB versus 15% (95% CI 1-29) in BM-MTX
Days recipients P = .35) and 23% (95% CI 8-38) in UCB versus 16%

Figure 1. Neutrophil recovery. Cumulative incidence of neutrophil recovery in (95% Cl 3'29%) in BM-TCD reCipiemSF{: -60)- Notably,

recipients of unrelated donor UCB versus HLA-matched BM who received GVHD  survival at 2 years after transplantation was 53% (Cl 31%-75%) in

prophylaxis with MTX (BM-MTX) and UCB versus HLA-matched BM who received UCB versus 41% (C| 22%-60%) in BM-MTX recipiemﬁ (= .40)

GVHD prophylaxis with TCD (BM-TCD). UCB versus BM-MTX: engraftment rate, . .

P = .03; engraftment at day 45, P = .41. UCB versus BM-TCD: engraftment rate, and 52% (Cl 30%_73%) in UCB versus 56% (CI 38%'79%) n

P < .01; engraftment at day 45, P = .32. those receiving BM-TCDF > .80) (Table 2, Figure 3). Causes of
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Table 2. Analysis of the neutrophil and platelet recovery, acute graft-versus-host disease at day 100, chronic graft-versus-host disease at 1 year, and 2-year
survival of recipients of 0-3 human leukocyte antigen—mismatched umbilical cord blood versus human leukocyte antigen—-matched BM
Neutrophil Platelet recovery Grades II-IV Chronic

HSC source N recovery d 45 d 180 acute GVHD GVHD 2-y survival
ucB 26 88% (75-100) 72% (50-94) 42% (23-61) 5% (0-13) 53% (31-75)
BM-MTX 26 96% (89-100) 76% (54-98) 35% (17-53) 20% (5-35) 41% (22-60)
ucB 31 85% (72-98) 84% (64-100) 36% (19-53) 7% (0-16) 52% (30-73)
BM-TCD 31 90% (80-100) 84% (64-100) 35% (18-52) 13% (1-25) 56% (38-79)

95% confidence intervals are in parentheses. All outcomes were equivalent (P > .05).
HSC indicates hematopoietic stem cell; GVHD, graft-versus-host disease; for other abbreviations, see Table 1.

death are summarized in Table 3, and although trends may tobensplantation of UCB units from multiple donors. Interestingly,
suggested, the patient numbers were too few for meaningfubtelet recovery was similar in both UCB and BM groups. This is
statistical comparison. in keeping with recent studies that have documented delayed and
incomplete platelet recovery in recipients of unrelated donorBM.
Case series have shown low incidences of acute and chronic
Discussion GVHD in unrelated donor UCB recipients, suggesting that these
may be lower than those seen in unrelated donor BMT. However, in
Experience in related and unrelated donor UCBT has indicated tltlais study the rates of acute and chronic GVHD in UCBT and BMT
UCB is associated with a slower rate of hematopoietic recoverngcipients were similar. Although these findings may appear to
with a clear association between cell dose and both engraftmenntrast to those reported by Rocha and coworkers, in which
and survivaP-1120.21A|so, the low incidence of severe acute andHLA-identical sibling UCBT was associated with a lower risk of
extensive chronic GVHD is remarkable in view of the increaseacute and chronic GVHD as compared to sibling BT, should
use of HLA-disparate grafs!1-20-22However, no randomized trials be noted that the vast majority of UCB recipients in this paper
exist that allow direct comparison between UCB and BM fromeceived an HLA-disparate graft as compared to BM recipients
unrelated donors. Therefore, we performed a matched-pair analysieo received HLA-matched grafts. In unrelated donor BMT, HLA
comparing the outcomes of pediatric recipients of 0 to 3 HLAdisparity has been associated with a very high risk of GVHD.
antigen mismatched unrelated donor UCB grafts with thod€alduzzi and associates found incidences of grades Il to IV acute
receiving HLA-matched BM. This study has the advantage @VHD of 98% and chronic GVHD of 69% in pediatric recipients
being from a single institution in which patients have been exposefiHLA-mismatched BME Thus, this study supports the contention
to similar and consistent clinical practice in regard to the conditiotihat HLA-mismatch does not have a major impact on the outcome
ing and GVHD prophylaxis, with identical supportive care and af unrelated donor UCB™ as it does in unrelated donor BMT, such
uniform grading system for GVHD. that outcomes with mismatched UCB are comparable to those of
Similar to the findings of Rocha and colleagdésyho comt  HLA-matched BMT. Although the reasons for this relatively low
pared the outcomes of sibling donor UCBT and BMT, unrelatetsk of GVHD in UCBT despite HLA disparity are not known, it
donor UCBT was associated with delayed neutrophil recoveryay be attributable to a relatively low T-cell dose or the functional
compared to unrelated donor BMT. However, unlike the Rochimmaturity of the neonatal immune syst@p?8
study, this analysis found that the overall neutrophil engraftment Most importantly, like the study by Rocha and cowork@rs,
rates were comparable. Nonetheless, improving the speed of avtdch demonstrated similar survival in recipients of sibling donor
overall engraftment rate in UCBT remain ongoing challengeklCB and BM, in this analysis unrelated donor UCBT compares
Therefore, a major focus in UCBT is to augment UCB cell dose fpvorably with HLA-matched BMT in that 100-day mortality, and
optimizing collection techniqueX, ex vivo expansion, or the 1- and 2-year survival are similar. Despite the slower rate of
engraftment in the UCB recipients, there was no impact on the
early transplantation-related mortality as compared to that seen in
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of unrelated donor UCB versus HLA-matched BM who received GVHD prophylaxis Months

with MTX (BM-MTX) and UCB versus HLA-matched BM who received GVHD Figure 3. Estimates of survival. ~ Kaplan-Meier estimates of survival in recipients of
prophylaxis with TCD (BM-TCD). UCB versus BM-MTX: engraftment rate, P = .12; unrelated donor UCB versus HLA-matched BM who received GVHD prophylaxis with
engraftment at day 45, P> .80. UCB versus BM-TCD: engraftment rate, P = .74; MTX (BM-MTX) and UCB versus HLA-matched BM who received GVHD prophylaxis
engraftment at day 45, P > .80. with TCD (BM-TCD). UCB versus BM-MTX, P = .40. UCB versus BM-TCD, P > .80.
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Table 3. Comparison of causes of death for recipients of 0-3

HLA-mismatched umbilical cord blood versus human
leukocyte antigen—matched bone marrow
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These data will need to be confirmed in the future with larger
patient numbers. Also, it should be emphasized that the majority of

ucB BM-MTX uce BM-TCD
Cause of death n=11 n=15 n=13 n=14
GVHD +/~— infection 4 (36%) 5 (33%) 3 (23%) 7 (50%)
Relapse/refractory leukemia 5 (45%) 4 (27%) 3 (23%) 1 (7%)
Graft failure 0 (0%) 0 (0%) 2 (15%) 2 (14%)
Organ failure +/— infection 1 (9%) 4 (27%) 1 (8%) 0 (0%)
Other 1 (9%) 2 (13%) 4 (31%) 4 (29%)

The “other” category included infection alone, progressive disease of an inborn
error of metabolism, or Epstein-Barr virus—associated lymphoproliferative disease.

For abbreviations, see Tables 1 and 2.

cantly increased risk of transplantation-related mortéfity.
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