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The National Marrow Donor Program
(NMDP) maintains a registry of approxi-
mately 4 million volunteer unrelated do-
nors for patients in need of a stem cell
transplant. When several comparably
HLA-matched volunteers are identified for
a patient, various criteria are used to
select a donor. Aretrospective analysis of
6978 bone marrow transplantations facili-
tated by the NMDP from 1987 to 1999 was
conducted to study the effects of various
donor characteristics on recipient out-
come. The evaluation addressed possible
effects of donor age, cytomegalovirus
serologic status, ABO compatibility, race,
sex, and parity on overall and disease-
free survival, acute and chronic graft-

Introduction

versus-host disease (GVHD), engraft-
ment, and relapse. Age was the only
donor trait significantly associated with

overall and disease-free survival. Five-
year overall survival rates for recipients

were 33%, 29%, and 25%, respectively,
with donors aged 18 to 30 years, 31 to 45

years, and more than 45years (P = .0002).

A similar effect was observed among
HLA-mismatched cases (28%, 22%, and
19%, respectively). A race mismatch be-
tween recipient and donor did not affect
outcome. The cumulative incidences of
grade Il or IV acute GVHD were 30%, 34%,
and 34%, respectively, with donors aged
18 to 30 years, 31 to 45 years, and more
than 45 years ( P = .005). The correspond-

ing incidences of chronic GVHD at 2
years were 44%, 48%, and 49% ( P = 0.02).
Recipients with female donors who had
undergone multiple pregnancies had a
higher rate of chronic GVHD than recipi-
ents with male donors (54% versus 44%;
P < .0001). The use of younger donors
may lower the incidence of GVHD and
improve survival after bone marrow trans-
plantation. Age should be considered
when selecting among comparably HLA-
matched volunteer donors. (Blood. 2001;
98:2043-2051)
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The use of marrow from unrelated volunteer donors is an acceptdvarious donor characteristics on the outcome in recipients of
treatment for patients in need of an allogeneic stem cell transpldatne marrow transplants. We here report associations between
who do not have an HLA-matched sibling doAdrThe National outcome and donor age, CMV serologic status, race, ABO compat-
Marrow Donor Program (NMDP) was established in 1986 to recruit ariaility, sex, and parity.

conduct HLA typing of large numbers of unrelateolunteer donors
for such patients. By November 1, 2000, approximately 4.2 million
volunteers were listed in the NMDP Registry, of whom 2.4 million\jethods
were typed for the HLA-A, HLA-B, and DR loci. The policies and
procedures of the NMDP were described previo&sfy.

Searches of the NMDP Registry often identify multiple HLA-A,The data set consisted of records of 6978 unrelated-donor bone marrow
HLA-B, and DRB1 matches for a patient. Strategies for selectingansplantations facilitated by the NMDP from December 1987 through
an unrelated donor vary. Transplant physicians often prefer dondrme 1999. Mobilized peripheral blood transplants were excluded from this
who are seronegative for cytomegalovirus (CMV), male, raciaug;nalysis. Transplantations were done at 133 different member centers of the
matched with the patient, or younger than other possible donohdVIDP network. Recipients were excluded from this analysis if they had
Priority may also be given to ABO-compatible, HLA-DQ—, HLA-Préviously undergone transplantation of allogeneic or autologous stem

cells. Characteristics of the recipients, including their diagnoses, are listed

_ - 13
DP-, and C-matché#"? donors or to female donors who havem Table 1. The patients received a variety of preparative regimens.

never been pregnant. If there is concern about obtaining §fa-body irradiation (median dose, 1320 cGy; range, 200-1600 cGy) was
adequate number of stem cells, a larger donor may be preferrgskd in 5545 cases (79%). The methods used for prophylaxis for graft-versus-
The purpose of this retrospective study was to examine the effebtst disease (GVHD) are listed in Table 1.
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Table 1. Recipient and transplant characteristics according to donor age (n = 6978 bone marrow transplantations)
Age of donor
Characteristic Total 18-30 Years 31-45 Years >46 Years P*
Disease
CML 2469 (35) 662 (34) 1379 (35) 428 (38) .62
Chronic phase 1665 (24) 448 (23) 939 (24) 278 (25)
Accelerated phase 666 (10) 177 (9) 369 (9) 120 (11)
Blast phase 138 (2) 37 (2) 71(2) 30 (3)
AML 1373 (20) 401 (21) 756 (19) 216 (19)
1st remission 268 (4) 74 (4) 157 (4) 37 (3)
2nd remission 345 (5) 102 (5) 196 (5) 47 (4)
3rd or higher remission and relapse 760 (11) 225 (12) 403 (10) 132 (12)
ALL 1359 (19) 397 (21) 755 (19) 207 (18)
1st remission 282 (4) 90 (5) 152 (4) 40 (4)
2nd remission 494 (7) 134 (7) 280 (7) 80 (7)
3rd or higher remission and relapse 583 (8) 173 (9) 323 (8) 87 (8)
MDS 589 (8) 148 (8) 356 (9) 85 (8)
NHL 205 (3) 48 (2) 122 (3) 35 (3)
Other malignant disease 235 (3) 66 (3) 131 (3) 38 (3)
SAA 286 (4) 82 (4) 164 (4) 40 (4)
Other nonmalignant disease 462 (7) 119 (6) 261 (7) 82 (7)
Female 2850 (41) 817 (42) 1568 (40) 465 (41) .27
CMV seropositivet 3359 (49) 905 (47) 1927 (49) 527 (47) .62
Match status
HLA-A, -B, DRB1 match 4290 (61) 1230 (64) 2385 (61) 675 (60) .20
Potential match 773 (11) 182 (9) 475 (12) 116 (10)
HLA-A mismatch 719 (10) 189 (10) 401 (10) 129 (11)
HLA-B mismatch 513 (7) 140 (7) 284 (7) 89 (8)
HLA-DRB1 mismatch 683 (10) 182 (9) 379 (10) 122 (11)
Race or ethnic group
African American 301 (4) 97 (5) 160 (4) 44 (4) .009
Asian/Pacific Islander 180 (3) 68 (4) 85 (2) 27 (2)
White 6029 (86) 1609 (84) 3427 (87) 993 (88)
Hispanic 411 (6) 133 (7) 217 (6) 61 (5)
Native American 16 (<1) 5(<1) 10 (<1) 1(<1)
Other 41 (1) 11 (1) 25 (1) 5(<1)
Year of infusion
1987-1992 1378 (20) 283 (15) 865 (22) 230 (20) <.0001
1993-1995 2122 (30) 582 (30) 1174 (30) 366 (32)
1996-1999 3478 (50) 1058 (55) 1885 (48) 535 (47)
GVHD prophylaxis <.0001
T-cell depletion + other 1747 (25) 531 (28) 965 (25) 251 (22)
MTX + CsA 1871 (27) 535 (28) 1046 (27) 290 (26)
MTX + CsA + prednisone 1178 (17) 343 (18) 644 (16) 191 (17)
MTX = other 1563 (22) 376 (20) 890 (23) 297 (26)
Other 619 (9) 138 (7) 379 (10) 102 (9)
Median age, y (range) 28.8 (0-66) 27.4 (0-66) 29.3 (0-64) 28.5 (0-66) 12
Median time, mo (range), from diagnosis to transplant 15 (0-395) 14 (0-258) 15 (0-395) 15 (0-242) .04
Median cell dose, X108/kg (range) 2.5(0.1-10) 2.4 (0.1-10) 2.5(0.1-10) 2.4 (0.1-9.9) .54

CML indicates chronic myelogenous leukemia; AML, acute myelogenous leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; NHL,
non-Hodgkin lymphoma; SAA; severe aplastic anemia; CMV; cytomegalovirus; GVHD, graft-versus-host disease; MTX, methotrexate; and CsA, cyclosporine. Values are
numbers (percentages) unless otherwise indicated.

*Determined by the Wilcoxon rank sum test for discrete variables and the Spearman rank correlation test for continuous variables.

TThe recipient's CMV serologic status was not available for 56 cases.

FT-cell-replete cases only.

Data collection plastic syndrome, and other malignant diseases. Analyses of relapse and
ljﬂ"gsease-free survival were restricted to these diseases6@80). Neutro-

Outcome data for recipients of transplants were reported to the NM ; t defined i fatl AL
Coordinating Center by the transplant centers on standardized NMDPforR@ engra mer.lt was defined as a neutrophil count of at east<. ;
og 3 consecutive laboratory analyses. These data were missing for 50

submitted at the time of transplantation (baseline) and at 100 days, 6 . )
months, and annually afterward. Computerized validation was used RBtients & 1%) and unevaluable for 410 patients (6%) who died before day
check data for consistency at the time of entry into the database. The med&nleaving 6518 available for analysis.
follow-up time was 731 days (range, 95-3650 days). Race and ethnicity were self-reported by patients and donors. An
Acute GVHD was reported with use of standardized stages of skitidividual was considered a member of a minority group if he or she was
liver, and intestinal involvement. A severity grade was calculated on tis¢lf-identified as African American, Asian or Pacific Islander, Hispanic, or
basis of these stages by using standard critétitematologic relapse was Native American. Aminor ABO mismatch was defined as transplantation of
recorded on NMDP forms for patients with leukemia, lymphoma, myelodysaarrow from a donor with type O blood into a recipient with a non-0 type
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blood or from a type A or B donor into a type AB recipient. A bidirectionaloutcomes. Each model included disease and stage (Table 1), donor age, sex,
mismatch was defined as transplantation of marrow from a type A donparity, CMV serologic status, and race, regardless of significance. Other

into a type B recipient or vice versa. factors were included in the model if they showed a significBre(.05 on
Wald x? testing) association with outcome. Factors considered for the
HLA matching and typing model were HLA-A, HLA-B, and DRB1 matching; transplant center; cell

. . . ) dose; time from diagnosis to transplantation; year of transplantation; age of
Th? minimum level of HLA matching required by the NMDP is a S'Of'erecipient; sex; CMV serologic status; and race. The time from diagnosis to
anuge_n level matc_h at HLA'A’_ HLA'_B ' gnd DR. Transplant c_enters maVransplantation was modeled separately for each disease group. Because of
have imposed stricter matching criteria depending on their transF)I'El'%nlinear effects, the continuous variables recipient age and time from

protocols or patlent gharacterl;tlcs. ,HLA_ typing was dong W'th_a variety %fiagnosis to transplantation were divided into discrete categories. The effect
methods during the time examined in this study. Serologic typing for HLA: donor cMv serologic status was modeled separately for CMV-

antigens was assigned according to the definitions established by the W%gqopositive and CMV-seronegative recipients, the effect of donor race was
Health Organization HLA nomenclature commitféeMolecular-based

. : - . modeled separately for white and minority recipients, and the effect of cell
HLA-A, HLA-B, and DRBL1 typing was done with a variety of techniques alyose was modeled for T-cellreplete cases only

differing levels of resolutiod® Cases typed on the basis of serologic
findings or a low-resolution molecular method in which an allele-level
DRB1 mismatch could not be identified were classified as potential matches

in this analysis. Matching at the HLA-A and HLA-B loci was defined at th |
serologic antigen level regardless of whether the typing was done BGSU ts
molecular-based or serologic methods.

Donor characteristics

Statistical analysis Donor characteristics are shown in Table 2. The median age of

Donor characteristics were tested for associations by using%hest for donors was 37 years (range, 1_8'60 years). CMV-seronegative
discrete variables, the Spearman rank correlation test for continudd@nors tended to be younger (median age, 36 years versus 38 years;
variables, and the Wilcoxon rank sum test for a discrete by continuofs< .0001) as did donors from minority groups (35 years versus 37
comparison. Survival and disease-free survival rates were calculatedygars;P < .0001), women who had never been pregnant (30 years
using the method of Kaplan and Meiéand were compared by using theversus 37 year$ < .0001), and donors in more recent transplanta-
log rank statisti¢® Rates of acute and chronic GVHD, engraftment, angions (P < .0001). Transplantations with T-cell-depleted marrow
relapse were calculated according to cumulative incidéhedth death tanded to use younger donors (36 years versus 37 yPars;
considered a competing risk. Cases were considered evaluable for eng@fﬁom)_ Donor age also differed significantly according to trans-

ment 'f.the patient survived at least 21 days afnd _for_chromc GVHD IfIant centersR < .0001), but was not associated with recipient
the patient survived at least 80 days. Cumulative incidences were com-

pared at 100 days for acute GVHD and engraftment and at 2 years pgnosis, reC|p|ent.a.ge, or level of HLA mat(_:hlr_lg.

chronic GVHD by using a Taylor series linear approximation to estimate AMoNng adult recipients% 18 years old) weighing at least 50 kg

the variance® for whom the marrow was not modified by T-cell depletion, volume
Logistic regression was used for multivariate analysis of neutropHieduction, red-cell depletion, or plasma depletior<(1830), older

engraftment, and the proportional hazards m8deas used for the other donors were associated with slightly lower nucleated cell doses

Table 2. Donor characteristics according to age

Age of donor

Characteristic Total no. (%) 18-30 years, no. (%) 31-45 years, no. (%) >46 years, no (%) P*
No. (%) of donors 6978 (100) 1923 (28) 3924 (56) 1131 (16)
CMV seropositivet 2552 (38) 557 (30) 1488 (40) 507 (47) <.0001
Sex
Male 4033 (58) 1048 (54) 2318 (59) 667 (59) <.0001
Female (no pregnancies) 1140 (16) 591 (31) 457 (12) 92 (8)
Female (1 pregnancy) 416 (6) 145 (8) 217 (6) 54 (5)
Female (=2 pregnancies) 1358 (19) 133 (7) 913 (23) 312 (28)
Female (parity unknown) 31 (<1) 6 (<1) 19 (<1) 6 (<1)
Race or ethnic group
African American 260 (4) 83 (4) 140 (4) 37 (3) <.0001
Asian/Pacific Islander 180 (3) 80 (4) 78 (2) 22 (2)
White 5349 (77) 1365 (71) 3056 (78) 928 (82)
Hispanic 358 (5) 124 (6) 190 (5) 44 (4)
Native American 74 (1) 30 (2) 35(1) 9(1)
Other 56 (1) 18 (1) 31 (1) 7 (1)
Unknown 701 (10) 223 (12) 394 (10) 84 (7)
Match status
ABO match 2860 (41) 762 (40) 1656 (42) 442 (39) .56
Minor ABO mismatch} 1802 (26) 486 (25) 1014 (26) 302 (27)
Bidirectional ABO mismatch§ 587 (8) 163 (8) 328 (8) 96 (8)
Other ABO mismatch 1670 (24) 489 (25) 893 (23) 288 (25)
ABO unknown 59 (1) 23 (1) 33 (1) 3(<1)

*Determined by the Wilcoxon rank sum test.

1tThe donor’'s CMV serologic status was not available for 339 cases.

FMarrow from a donor with type O blood was transplanted into a recipient with non—type O blood or marrow from a type A or B donor was transplanted into an AB recipient.
§Marrow from a type A donor was transplanted into a type B recipient or vice versa.

%20z dunr g0 uo 3senb Aq Jpd'€¥0Z0106 1L 8U/9E YL LIL/EY0T/L/86/)Pd-Bl0IIE/POO|G AU SUONEDIIgNdYSE//:d})Y WOIj papeojumog



2046  KOLLMAN etal BLOOD, 1 OCTOBER 2001 - VOLUME 98, NUMBER 7

(P = .03). The median infused cell doses were 3230°/kg of Acute GVHD

body weight, 3.18< 10f/kg, and 2.99x 10P/kg, respectively, with

donors aged 18 to 30 years, 31 to 45 years, and older than 45 yeMléltlvanate analysis adjusted for the significant effects of disease,

Among the 1766 cases for which donor weight was ava”ablg,arisplant center, HLA matching, T-cell depletion, year of infusion,

larger donors were associated with significantly higher infused cgﬁc'p'em age, and race. Age and HLA matching were the only

doses P < .0001); median cell doses were 2.8510°Kkg, ﬂ??\?r Chatlraét\%%'c_f_ legndlfflczntly a§?00|a;t§ cti Wm:. sevefrtz (grade
3.14 % 10°8/kg, and 3.37x 10¥/kg, respectively, for donors who = ) acute (Table 4). No significant interactions of donor

: age with disease or recipient age were detected. There was a
hed less than 70 kg, 70 to 90 k d than 90 kg.
weighed ess tan g. /B%o g, and more than g possible interaction of donor age with HLA matchirfg € .04),

Neutrophil engraftment but this finding should be viewed with caution because of the

o multiple comparisons done with these data.
The cumulative incidence of engraftment among evaluable cases), \nivariate analysis, younger donors were associated with a

was 65%:= 1% by day 21 and 94%: 1% by day 100. There was gjqificant decrease in severe acute GVHD among HLA-

no assqciation between engraftment and donor age, race, or CMM. 1atched pairs. Incidences at day 100 were 30%96, 41%+
serologic status. o o 3%, and 40%= 5%, respectively, with donors aged 18 to 30 years,
Logistic regression analysis adjusted for_the significant effects , 45 years, and more than 45 yedts<{ 0.0001). However, no
of dlsgase, tr_ar_13p|ant center, HLA matching, cell dose, T-cglbng was apparent among HLA-matched pairs (29%3%,
depletion, recipient CMV status, and race. None of the donghyo, -+ 204 and 309+ 3%, respectively). Female donors were not

factors examined, except for the level of HLA matching, wagssqciated with more frequent acute GVHD in either male recipi-
significantly associated with engraftment (Table 3). In a Coxntg (33%:= 2% versus 33%+ 2%) or female recipients (31%

regression thatincorporated speed of engraftment as well as ovesgll \arsus 3204+ 29%). Parity among female donors was not
incidence, patients with a male donor had significantly fastgkqqciated with frequency of acute GVHD (data not shown).
engraftment (relative risk [RR], 1.12; 95% confidence interval [CI], cpy seronegativity of donors was not a predictor of lower
1.06-1.18;P < .0001) than those with a female donor, regardle§ges of acute GVHD in either CMV-seronegative recipients
of parity. . . ~ (31% = 2% versus 33%- 3%) or seropositive recipients (32%

In univariate analysis, male donor was a predictor of a higheb,, yersus 349 29%). Among pairs matched for HLA-A, HLA-B,
incidence of engraftment by day 21 in both male recipients (65% 45,4 prB1, a racially matched donor was not a predictor of a lower
2% versus 59%:- 3%) and female recipients (70% 2% Versus jncidence in minority recipients (32% 6% versus 40%: 7%) or
65% = 39%). Incidences at day 100 were 88%61%, 90%= 1%, \hite recipients (29%- 2% versus 32%: 6%). An ABO match
and 88%* 1%, respectively, with donors aged 18 to 30 years, 31 {5 not associated with a lower incidence than either a minor or a

45 years, and more than 45 years. major mismatch (32%: 2% versus 34%: 2% versus 33% 2%).
Chronic GVHD
Table 3. Logistic regression model for primary neutrophil engraftment in
evaluable patients surviving at least 21 days (N~ = 6518) Multivariate analysis adjusted for the significant effects of disease,
Primary neutrophil engraftment transplant center, T-cell depletion, year of infusion, recipient age,
Factor Odds ratio  95% CI P Favorable and race. The analysis found that a younger donor, male donor, and
Donor age (per decade) 104 092118 53 NS female dor_10r without previous pregnancies were all predif:tors of
Donor CMV positive (CMV-negative less chronic GVHD (Table 4). There were no detectable interac-
recipient)* 0.75 056-1.02 .07 NS tions of donor age or parity with disease, HLA matching, recipient
Donor CMV positive (CMV-positive age, or recipient sex.
recipient)t 098  072-1.34 .91 NS In univariate analysis among evaluable patients surviving at
Male donor 1.00 - - — least 80 days, a younger donor was associated with a decreased
Female donor (no pregnancies) 08 065114 .30 NS frequency of chronic GVHD. Cumulative incidences at 2 years
Female donor (1 pregnancy) 109 069174 .70 NS were 44%= 3%, 48%= 2%, and 50%* 3%, respectively, with
Z”;a:a‘:s:or (=2 pregnancies) 2:32 0'75;1'31 '9_5 N_S donors aged 18 to 30 years, 31 to 45 years, and more than 45 years
ABO minor mismatch 112 0.86-1.48 40 NS (P - '02)'
ABO major mismatch 095 074121 68 NS Donor parity was also associated with chronic GVHD (Figure
Donor race mismatch (white 1). Cumulative rates among evaluable cases were 44%%,
recipient) 090  067-120 .47 NS 47% * 3%, 51%= 5%, and 54%+ 3%, respectively, with male
Donor race mismatch (minority donors, female donors who had never been pregnant, female
recipient) 103 059-1.77 .93 NS donors with one previous pregnancy, and female donors with 2 or
HLA-A, -B, DRB1 match+ 1.00 - —  Mached  mgre previous pregnancie® « .0001). Results were similar in
HLA-A mismatch* 058  0.42-0.80  .0008 —

male and female recipients.
A CMV-seronegative donor was a predictor of a lower rate of
chronic GVHD in CMV-seronegative patients (46%2% versus
The model also adjusted for disease, transplant center, cell dose, T-cell 51%=* 3%;P = _02) but not in seropositive recipients (46_9/0’3%
deplet|on,'re<‘:|p|ent CMV status, and race (results not shown). An odds ratio greater versus 47%+ 3%)_ However, the effect of donor CMV status was
than 1.00 indicates a favorable outcome for engraftment. . A ) X . .
Cl indicates confidence interval; CMV, cytomegalovirus; and NS, not significant. 1Ot significant in multivariate analysis after adjustment for other
*Comparing CMV-seropositive donor with seronegative donor among seronega- risk factors.
tive rfg'P'e"ts_- oy ive d i ive d _ An ABO match was not associated with a lower incidence of
omparin -seropositive donor with seronegative donor among seroposi- . K .
tive recipie';ts_ o P o 9 serop GVHD than a minor or major mismatch (47%2% versus 48%-
tincludes potential matches. 3% versus 46%t 2%). Among pairs matched for HLA-A, HLA-B,

HLA-B mismatch 0.52 0.37-0.73 .0002 —
HLA-DRB1 mismatch 0.52 0.38-0.72 <.0001 —
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Table 4. Proportional hazards regression models for grade 11l or IV acute graft-versus-host disease (GVHD) (n = 6978) and chronic GVHD (n = 4819 evaluable
patients surviving at least 80 days)
Grade IlI-IV acute GVHD Chronic GVHD

Factor RR 95% ClI P Favorable factor RR 95% CI P Favorable factor
Donor age (per decade) 1.08 1.03-1.14 .002 Younger 1.08 1.02-1.14 .005 Younger
Donor CMV positive (CMV-negative recipient)* 0.99 0.88-1.12 .90 NS 1.02 0.90-1.15 a7 NS
Donor CMV positive (CMV-positive recipient)t 0.99 0.87-1.11 .81 NS 0.95 0.83-1.09 .46 NS
Male donor 1.00 — — — 1.00 — — Male
Female donor (no pregnancies) 1.04 0.92-1.17 .53 NS 1.09 0.96-1.24 17 Never
Female donor (1 pregnancy) 0.94 0.78-1.12 .48 NS 1.19 1.00-1.43 .05 Pregnant
Female donor (=2 pregnancies) 1.04 0.93-1.16 .46 NS 1.40 1.25-1.57 <.0001 —
ABO match 1.00 — — — 1.00 — — —
ABO minor mismatch 111 1.00-1.23 .05 NS 1.01 0.90-1.12 .92 NS
ABO major mismatch 1.02 0.93-1.13 .67 NS 0.97 0.88-1.08 .58 NS
Donor race mismatch (white recipient) 1.06 0.94-1.19 .38 NS 0.98 0.86-1.12 74 NS
Donor race mismatch (minority recipient) 1.17 0.94-1.46 .16 NS 1.16 0.90-1.51 .25 NS
HLA-A, -B, DRB1 matcht 1.00 — — Matched N/A N/A N/A NS
HLA-A mismatch 1.22 1.06-1.41 .006 — N/A N/A N/A NS
HLA-B mismatch 1.47 1.26-1.71 <.0001 — N/A N/A N/A NS
HLA-DRB1 mismatch 1.46 1.27-1.67 <.0001 — N/A N/A N/A NS

These models also adjusted for disease, transplant center, T-cell depletion, year of infusion, and recipient age and race (results not shown).

RR indicates relative risk; Cl, confidence interval; CMV, cytomegalovirus; NS, not significant; and N/A, not applicable (ie, factors excluded from the model because they
were not statistically significant).

*Comparing CMV-seropositive donor with seronegative donor among seronegative recipients.

tComparing CMV-seropositive donor with seronegative donor among seropositive recipients.

FIncludes potential matches.

and DRB1, a racially matched donor did not reduce the rate wnsplantation (chronic-phase chronic myelogenous leukemia
chronic GVHD in either a white recipient (49% 2% versus 45% [CML] and severe aplastic anemia), and recipient age, sex, and
+ 8%) or a minority recipient (49% 7% versus 42%: 8%). race. Age and HLA matching were the only donor characteristics
significantly associated with overall or disease-free surviRak(
.0001). No significant effects of donor CMV serologic status, race,

The overall cumulative incidence of hematologic relapse at 2 ye&i@*: O parity were detected (Table 5). The effect of donor age on
among patients with a malignant disease was ¥5%%. Relapse overall survival was similar among HLA-mlsmat.ched cases (RR,
was not significantly associated with donor age, CMV serologit 10 Per decade; 95% Cl, 1.02-1.19;=.01). No interactions of
status, race, sex, or parity. We did not identify any subpopulation $n°r 2ge with recipient diagnosis or recipient age were detected.
recipients classified according to disease, HLA matching, recipient '<@Plan-Meier survival curves based on donor age are shown in
age, CMV serologic status, or race in which any of these donb9ure 2. At 5 years, survival rates were 33%62%, 29%= 2%,
characteristics had a significant effect on relapse. and 25%*+ 3%, respectively, with donors aged 18 to 30 years, 31to
45 years, and more than 45 yeaPs= .0002 on log rank testing).
Survival Survival according to both donor age (18-30 years versu45

years) and HLA matching is shown in Figure 3. The effect of donor

Multivariate analysis adjusted for the significant effects of diseasgge was evident in both HLA-matched pairs (3693% versus
transplant center, HLA matching, cell dose, time from diagnosis o + 4%) and HLA-mismatched pairs (28% 4% versus

19% =+ 5%). The reported causes of death did not vary significantly

Relapse

100% according to donor age, either overall or when deaths were
—O— Female Donor/2+ Pregnancies (n = 921) stratified into early (by day 30), intermediate (day 31-100 and day
® gow b " Female Donor/l Pregnancy (n = 255) ] 101-365), and latex 1 year) (data not shown).
e —&— Female Donor/No Pregnancies (n = 779) .
2 —o— Male Donor (n = 2802) The sex of t_hg dono_r had no effect on sgrvnval, regardless of_the
E so% | sex pf th_e re_(:lplent (Figure 4). Donor _pa_lrlty also did not predict
@ survival in either male or female recipients (data not shown).
g bk Figure 5 shows that the CMV status of the recipient at the time of
g transplantation was highly predictive of survival, but the CMV
3 o i status of the donor was not. The use of marrow from CMV-
seronegative donors did not improve 5-year survival in either
i . . i astbbaa CMV-seronegative recipients (33% 2% versus 34%+ 3%) or
" § 3 CMV-seropositive recipients (26% 2% versus 24%:- 3%).
Years After Transplant Among pairs matched for HLA-A, HLA-B, and DRB1, white
Figure 1. The cumulative incidence of chronic GVHD was higher with multipa- recipients did not have significantly better survival when the donor was

rous female donors.  Results with male donors and female donors without pregnan-  also white (34%+ 2% versus 32% 7%). Similarly, survival was not

cies were similar, whereas an increasing incidence of chronic GVHD was associated different in racial or ethnic minority recipients given marrow from
with female donors with one or more pregnancies. Results were similar in female and . .

male recipients. Twenty-two cases that were evaluable for chronic GVHD were raC|a||y matched donors and those given marrow from donors of a

excluded from this analysis because parity data were unavailable. different race (25%- 10% versus 33% 8%). An ABO match was not
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Table 5. Proportional hazards regression models for overall survival (n = 6978) and disease-free survival (n = 6230).
Overall Survival Disease-free Survival

Factor RR 95% CI P Favorable RR 95% CI P Favorable
Donor age (per decade) 1.10 (1.06, 1.14) < 0.0001 Younger 1.09 (1.05, 1.13) < 0.0001 Younger
Donor CMV positive (CMV negative recipient)* 0.95 (0.87, 1.04) 0.28 NS 0.94 (0.85, 1.03) 0.17 NS
Donor CMV positive (CMV positive recipient)t 1.03 (0.95,1.12) 0.51 NS 1.03 (0.94,1.12) 0.58 NS
Male donor 1.00 1.00
Female donor—no pregnancies 1.04 (0.95, 1.13) 0.43 NS 1.03 (0.95,1.13) 0.50 NS
Female donor—1 pregnancy 0.91 (0.80, 1.03) 0.14 NS 0.92 (0.80, 1.05) 0.19 NS
Female donor—2+ pregnancies 0.99 (0.92, 1.08) 0.85 NS 1.00 (0.92, 1.09) 0.97 NS
ABO match 1.00 1.00
ABO minor mismatch 0.98 (0.91, 1.05) 0.54 NS 1.01 (0.94, 1.09) 0.76 NS
ABO major mismatch 1.01 (0.94, 1.09) 0.70 NS 1.01 (0.94, 1.09) 0.80 NS
Donor race match (white recipient) 1.05 (0.96, 1.15) 0.26 NS 1.05 (0.96, 1.15) 0.27 NS
Donor race match (minority recipient) 1.11 (0.94, 1.31) 0.23 NS 1.05 (0.88, 1.25) 0.56 NS
HLA-A,B,DRB1 matcht 1.00 Matched 1.00 Matched
HLA-A mismatch 1.40 (1.26, 1.54) < 0.0001 1.38 (1.24,1.53) < 0.0001
HLA-B mismatch 1.46 (1.31, 1.64) < 0.0001 1.43 (1.27,1.61) < 0.0001
HLA-DRB1 mismatch 1.25 (1.13,1.38) < 0.0001 1.20 (1.08, 1.33) 0.0007

Analysis of disease-free survival was restricted to malignant diseases. These models also adjusted for disease, transplant center, T-cell depletion, cell dose, interval from
diagnosis to transplant (chronic phase CML and SAA) recipient age, sex (overall survival only) and race (results not shown). NS indicates not significant.

*Comparing CMV-seropositive donor vs seronegative donor among seronegative recipients.

TComparing CMV-seropositive donor vs seronegative donor among seropositive recipients.

FIncludes potential matches.

associated with better survival compared with either a minor or ma@9% + 5%, 38%:=* 3%, and 32%t 6%, respectively, in those with

mismatch (30%- 2% versus 31%: 2% versus 28%t 2%). donors aged 18 to 30 years, 31 to 45 years, and more than 46 years.

Results were similar for disease-free survival. Rates at 5 yednends were similar in adult recipients aged 18 to 30 years (30%
were 29%=* 3%, 26%=* 2%, and 21%*= 3%, respectively, with 5% versus 26%+ 4% versus 22%+ 6%) and 31 to 45 years
donors aged 18 to 30 years, 31-45 years, and more than 45 yd896 = 4% versus 26%t- 3% versus 21%- 5%). No trend was
(P = .001 on log rank testing). No significant effects of donor sexgpparent in recipients older than 45 years (19%7% versus
parity, CMV serologic status, or race were detected in eith@1% *+ 5% versus 23%+ 8%), but the statistical margins of error
univariate or multivariate analyses. do not allow ruling out a comparable effect in this cohort as well.

Multivariate regression analyses restricted to the various recipi-
ent-age cohorts produced similar results. The RR per decade of

Because this analysis was retrospective, the patient population W80T age was comparable in recipients under 18 years (RR, 1.08;

quite heterogeneous. Therefore, separate analyses were don€33 Cl. 1.01-1.16P = .03), recipients aged 18 to 30 years (RR,

more homogeneous subgroups to investigate whether the effecl dfd: 95% Cl, 1.07-1.28; = .0004), recipients aged 31 to 45 years

donor age was consistent among different cohorts of patients.  (RR, 1.11;95% CI, 1.04-1.1%; = .003) and recipients older than
Unlike results of analyses of transplantations of marrow frofi years (RR, 1.09; 95% Cl, 0.98-1.H ;= .13). These data show

sibling donors, the age of the unrelated donors in this study did ¥ evidence that the effect of donor age varies according to the age

vary according to recipient age. Median donor ages were 37 yedkthe recipient.

36 years, 37 years, and 37 years, respectively, with recipients aged®mong patients with CML who underwent transplantation

0 to 17 years, 18 to 30 years, 31 to 45 years, and more than duging the first chronic phase, recipients of marrow from younger

years. Similarly, the effect of donor age on survival did not vary

Subgroup analyses

significantly according to the age of the recipient. Among recipi- 100%
ents younger than 18 years, 5-year overall survival rates were —o— Matched/Donar 18-30 (n = 1230)
80% —0—- Matched/Donor 46+ (n = 675)
°r —a— Mismatched/Donor 18-30 (n = 511)
100% —0— Mismatched/Donor 46+ (n = 340)
—o— Donor 18-30 (n = 1923) = 60% | q
80% L —o— Donor 31-45 (n = 3924) Z
—a— Donor 46+ (n=1131) 5
2 40% | ]
= 60% |
2 |
E 20% L
v 40% |
p-value < 0.6001
% |\
20% L 0 1 2 3 4 5
Years After Transplant
0% p-value =0.0002 Figure 3. Increasing donor age reduced survival for both HLA-matched and
0 T i T é T :'; T "‘ T g HLA-mismatched transplants. HLA-matched donors aged 18 to 30 years were

associated with the greatest survival of recipients. Survival results in HLA-
mismatched donors aged 18 to 30 years were similar to those in HLA-matched
Figure 2. Overall survival decreased with increasing donor age. This effect was ~ donors aged 46 years or older. The poorest survival was observed with HLA-
highly significant. mismatched donors older than 46 years.

Years After Transplant
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160% with chronic-phase CML, patients with acute leukemia in first
—0— Recipient Female/Donor Male (n = 1448) remission, T-cell-depleted cases, cases without T-cell depletion,
80% | R Do aate (o oszsy ] male donors, female donors, multiparous donors, CMV-seronega-

—0— Recipient Male/Donor Female (n = 1543) tive donors, and CMV-seropositive donors. For acute GVHD, the

' 60% | effect of donor age may be limited to HLA-mismatched pairs; for

'z chronic GVHD and for survival, the effect was apparent in both

@ 40% | | matched and mismatched pairs.

Transplant physicians often prefer CMV-seronegative donors,

20% | especially when the patient is seronegative. Only 38% of donors in

this study were CMV seropositive, whereas about half of the

0% ltvnlue=NS recipients were CMV seropositive. Because CMV-seropositive

o 1 2 3 T4 s recipients have significantly lower survival rafésjt seems

Years After Transplant reasonable to suspect that the possibility of a seropositive donor’s
Figure 4. The sex of neither donor nor recipient affected survival. Survival rates transferring the virus to a seronegative recipient poses an additional
for each of the 4 donor-recipient sex combinations were similar. risk of death. However, we did not detect any adverse effects of

seropositive donors in either seronegative or seropositive recipi-

donors had significantly better survival (48266% versus 40%- ents. After adjustment for other donor characteristics and relevant
4% versus 35% 7%: P = .009). Results were similar in patientsriSk factors, donor CMV serologic status was not associated with

with acute leukemia who underwent transplantation during the fié‘t’rv'val' GVHD, engraftmgnt, or r_elapse. . .
remission (41%:+ 9% versus 36%+ 6% versus 13%+ 19%: These results are consistent with an earlier study reporting that a
P = .009). Similar effects of donor age on survival were observegMV-seropositive donor is not a predictor for the development of

during separate examinations of cohorts with CMV—seronegati\%\AV infection in th_e re(_:lplent after ransplantafidtiThe use of .
and CMV-seropositive donors; male, female, and multiparOlﬁngQS such as ganciclovir appears to have been largely successful in

donors; HLA-matched and HLA-mismatched pairs: T_Ce”preventing CMYV infections in recipients of transplants. A study of

depleted and T-cell—replete cases: and low, medium, and high dgr(elated-donor transplantation in patients with CML showed that
doses (data not shown) ' ' ' use of ganciclovir in CMV-seropositive patients was associated

The effect of donor age on acute GVHD may be limited té‘Vith ipcr_ea_sed survivak . .
HLA-mismatched pairs. In multivariate analysis, the RR per Priority is also frequently given to male donors because of their
decade of donor age was 1.04 (95% Cl, 0.97-1R12; .24) in the larger size and the increase in GVHD associated with parous
HLA-matched pairs and 1.20 (95% CI, 1.09-1.32:= .0002) in female donors. Approximately 60% of those in the NMDP Registry
the mismatched pairs. The test for statistical interaction (ie, that {fk volunteers are female,_ but only_ 42% of f[hose -who' actually
effect of donor age was different for HLA-matched and HLA_donate are women. Previous studies involving primarily HLA-
mismatched cases) yielded a borderline reik:(.04). The effect matched sibling donors reported an increased incidence of acute

of donor age on chronic GVHD was comparable in HLA-matcheﬁnd chronic GVHD with female or multiparous donors, particularly

pairs (45%:+ 3% versus 50% 2% versus 51%: 4%; RR, 1.07; when the recipient is mafé:33However, a more recent study found
95% Cl, 1.00-1.15P = .04) and HLA-mismatched pairs (41% no effect of donor sex on acute GVHBIn evaluating our data set,
506 versus 43%+ 4% versus 50%- 6%: RR. 1.15- 95% c| ‘e found that multiparous donors were associated with a higher

1.02-1.29;P = .02) pairs. No other subgroups in which the effecincidence of chronic GVHD in both male and female recipients.

of donor age on acute or chronic GVHD varied significantly Wergemale donors, regardless of their parity or the sex of the recipient,
identified were also associated with slower neutrophil engraftment. However,

these donor sex and parity factors did not result in any difference in
overall or disease-free survival.

A previous study of the NMDP Registry identified differences
in HLA polymorphism among self-defined racial grodsthis

Discussion

Our large set of data on unrelated-donor transplantations allows an 100%
0

opportunity to evaluate the effects of donor characteristics, espe-

cially age, on recipient outcome. Although large cohorts of Effect of donor CMV not significant

sibling-donor transplantations were described previotislyany 80%

effect of donor age was masked by that of recipient age, since

siblings tend to be born only a few years apart. One study of related -§ 60% —o— Recipient —/Donor + (n = 1192)

donors other than HLA-identical siblings did identify donor age as & —o= Recipient ~/Donor —(n = 2204)

associated with leukemia-free survidalln the current study of © 40% |

transplants from unrelated donors, having a younger-adult donor

was a predictor of less GVHD, better survival, and better disease- 20% | B

free survival in recipients of transplants. - g:z:g:z:::gg:g: jr((‘l:j igg‘;;
The effect of donor age was observed for both pediatric and %

adult recipients, with the possible exception of recipients older than (1} 1 2 3 4 5

45 years. The sample size in that older cohort, however, was Years After Transplant

considerably smaller than that in younger cohorts and the data Rimire 5. Donor CMV serologic status did not affect survival of either seronega-

not allow conclusive ruIing out of an effect of donor age in thes@(e or seropositive recipients.  CMV-seropositive recipients had decreased sur-
. vival, regardless of the donor's CMV serologic status. Cases were excluded from

patients. The effect of donor age overall was Comparable to th?eﬁe curves if the CMV serologic status of either the recipient (n = 56) or the donor

observed in several other subgroups examined, including patie@ts 339) was unknown.
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finding suggests that recruitment of a racially diverse mix adetectable improvement in survival rates over time. Rates of acute
volunteers may improve the likelihood of providing HLA-matcheand chronic GVHD have decreased significantly, presumably
donors for a wider group of patients. This does not mean, howevbecause of better HLA matching and prophylaxis regimens, but it is
that race (as available in the NMDP database) should be usediutwlear why this does not appear to have resulted in better overall
select among comparably HLA-matched potential donors. Withr disease-free survival. Our multivariate analyses adjusted for
acknowledgment of the limitations of these d&t&’ there is no HLA matching to the extent that it was known. However, variations
evidence that outcome is any different among cases matched ifortechniques for HLA typing used by transplant centers and
HLA-A, HLA-B, and DRB1, regardless of whether the donorvolving technologies during the period examined in this study
self-reports the same race as the patient or a different one. make it difficult to assess trends over time in this multicenter study.

ABO mismatching was previously identified as a risk factor for The biologic mechanisms for the effect of donor age are not
increased mortality in a single-center study of transplantation invgell understood. The increased incidence of GVHD with older
cohort of patients with acute myelogenous leukemia (AML) andonors suggests that tolerance may decrease over time as the
myelodysplastic syndrome (MDS)Other studies found no effect immune system is exposed to a greater variety of foreign antigens.
of ABO incompatibility on outcomé?#® We also observed no This might be due to an increased replacement of naive T cells with
effect of ABO mismatching in either the overall data set or thmemory T cells with agé Several studies showed changes in
subsets of transplantations in patients with AML or MDS. hematopoiesis with age in mie*>and human4® Other investiga

Among adult recipients of unmodified marrow, larger donorons found that younger donors are associated with a lower
were associated with higher nucleated cell doses, which is in turtidence of B-cell lymphoproliferative disordefs obstructive
predictive of better survivef However, the increase in median celllung diseasé® and secondary graft failute after allogeneic
dose with larger donors in our analysis was less thank01®8f/kg, marrow transplantation.
and no direct association between larger donors and improvedltis well known that marrow cellularity decreases with age, and
survival of recipients was detected. this has been confirmed in studies of older marrow doPfovde

The median age of donors in this data set was 37 years, whichaiso observed a moderate decline in nucleated cell dose with older
comparable to that in the NMDP Registry as a whole. This findingonors but only with unmanipulated marrow and only in donors
suggests that age is given relatively less priority in donor selectiasider than 45 years. In our multivariate analysis, the effect of donor
Therefore, survival rates might be improved if greater emphasige on survival was still apparent after adjustment for cell dose.
were placed on selection of younger donors. These data alsoThe optimal strategy for selecting an unrelated donor remains
suggest that use of younger donors could help mitigate the harméehtroversial. Matching the patient for HLA-A, HLA-B, and DRB1
effects of a partial HLA mismatch. Even for rare HLA phenotypesemains the top priorit§*52 The data presented here strongly
the likelihood of finding a donor mismatched for only a single HLAsuggest that in unrelated transplantation, donor age has more effect
determinant is high® Thus, many searches that do not identify @n overall mortality than donor CMV serologic status, sex, parity,
full match for a patient on the NMDP Registry have multipleABO incompatibility, and race. However, the relative importance
volunteers mismatched for only a single determinant. This typicalbf such risk factors as matching at other HLA loci is still unknown.
allows the opportunity to select a young mismatched donor. Theis unclear, for example, if and at what point an HLA-DQ-
use of younger donors to improve outcomes in patients receiving gismatched younger donor should be preferred over an HLA-DQ-
HLA-mismatched transplant may help expand availability of thifhatched older donor. Further research is required to determine the

therapy to a larger and more diverse group of patients. relative importance of the many risk factors that can be influenced
Current NMDP policy requires that donors must be between tig the choice of a donor.

ages of 18 and 60 years. On the basis of our data, it might be argued

that the upper limit for donors should be lowered. However, there

are patients whose only HLA match on the NMDP Registry is an

older donor. If the upper age limit were lowered, these patien]scknow|edgments

could be denied access to a potentially life-saving therapy. Empha-

sizing age as a criterion when multiple donors are available is féfe express our deep gratitude to those who have volunteered to

better for patients than is restricting the pool of potential donors. donate stem cells to offer someone a second chance at life. We also
Despite the fact that growth in the NMDP Registry of volunappreciate the efforts of physicians and staff at NMDP-affiliated

teers has led to a higher percentage of transplants matchedif@titutions who make transplantations possible. We thank Nancy

HLA-A, HLA-B and DRBL1 in recent years, there has been ndorgan for assistance in the preparation of the manuscript.
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