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Hematopoietic stem cell transplantation: contrasting the outcome
of transplantations from HLA-identical siblings, partially HLA-mismatched
related donors, and HLA-matched unrelated donors
Hellmut D. Ottinger, Stanislav Ferencik, Dietrich W. Beelen, Monika Lindemann, Rudolf Peceny, Ahmed H. Elmaagacli,
Johannes Hüsing, and Hans Grosse-Wilde

Allogeneic hematopoietic stem cell trans-
plantation (HSCT) is a proven curative
therapy for many hematologic malignan-
cies. HSCT from HLA-identical sibling do-
nors (ISDs) is still the golden standard.
For the remaining 70% of the patients
lacking an ISD, alternative (partially) HLA-
matched family donors (MFDs) and HLA-
matched unrelated donors (MUDs) are
now widely accepted. However, it is pres-
ently unclear whether outcome after HSCT
from an MFD or an MUD is superior. Thus,
the classical clinical end points after HSCT

from an ISD (n � 138), MFD (n � 86), and
MUD (n � 101) were compared by means
of univariate and multivariate statistical
analyses. MFD transplantations with HLA
class II (DRB1 � DQB1) mismatches in
graft-versus-host (GVH) direction showed
an increased risk of grades II to IV graft-
versus-host disease, and MFD transplan-
tations with more than a single HLA class
I (A � B � C) mismatch in host-versus-
graft (HVG) direction were associated with
a higher risk of graft failure. However, no
significant difference in overall survival

was detectable among the 3 study groups
after adjustment for the main predictors
of transplantation outcome. Thus, for pa-
tients lacking an ISD, an already identi-
fied MFD with an HLA-DRB1 � DQB1
mismatch in GVH or a combined HLA-A �

B � C mismatch in HVG direction should
be accepted only in clinically urgent set-
tings that leave no time to identify an
MUD. (Blood. 2003;102:1131-1137)
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) is an
established curative therapy for a variety of hematologic malignan-
cies.1 Genotypically HLA-identical sibling donors (ISDs)—which
are available for about 30% of white patients2—are still regarded as
the best donors for HSCT.3 However, for the remaining 70% of
patients, alternative donors, that is, (partially) HLA-matched
family donors (MFDs) other than HLA-identical siblings and
HLA-A–, B-, C-, DRB1-, and DQB1-matched unrelated donors
(MUDs), are meanwhile routinely accepted.4-7

The fact is that the clinical outcome after HSCT from an
MFD4,8,9 as well as an MUD10-13 has meanwhile clearly improved,
probably because of progress made in the domains of HLA-typing
techniques14-16 and supportive therapy.17,18

However, it is presently unclear whether HSCT from an MFD
or from an MUD has a superior outcome since the clinical studies
cited in the previous two paragraphs do not directly compare these
2 allogeneic approaches. Thus, the question is still open on how to
proceed if the donor search among the patient’s siblings—which is
always run first—has identified only an MFD, but no ISD. Should
any or at least a subgroup of MFDs (which remains to be defined)
be accepted immediately without further effort to identify an
MUD? Or should an unrelated donor search, even if expensive and
time consuming, be run for all of these patients?

The present clinical study directly compares the classical
clinical end points of transplantation outcome from MFDs and
MUDs, with ISD transplantations serving as controls, and identifies

2 subgroups of MFDs that should not be accepted routinely
for HSCT.

Patients and methods

Entry criteria

All patients who underwent transplantation at our institution during the
period from January 1, 1994, to July 31, 2000, and fulfilled the following
entry criteria were enrolled: (1) 16 years or older; (2) allotransplantation for
chronic myeloid leukemia (CML), acute myeloid leukemia (AML), or acute
lymphatic (ALL) leukemia; (3) first transplantation (ie, no preceding
allotransplantation or autotransplantation); (4) no graft manipulation (eg,
no T-cell depletion); (5) myeloablative conditioning regimen used (contain-
ing 4 � 2.5 Gy fractionated total body irradiation and cyclophosphamide);
(6) cyclosporine plus short-course methotrexate protocol used for graft-
versus-host disease (GVHD) prophylaxis; and (7) transplantations per-
formed under strict regimens for gut decontamination of anaerobic bacteria
and reverse isolation (laminar air flow conditions). At the time of analysis
all enrolled patients (N � 325) who survived had a follow-up of 18 months
or longer.

Strategy of donor search and selection of graft source

The strategy of donor search was in accordance with the German
Consensus on Immunogenetic Donor Search.19 Thus, for patients
lacking an ISD, an MFD was accepted (without a further effort to
identify an MUD) if matched with the patient in graft-versus-host
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(GVH) direction for at least 5 of the 6 HLA-A, B, and DRB1 antigens
(regardless of the number of additional HLA mismatches in host-versus-
graft [HVG] direction). If more than one MFD was available we tried to
avoid selection of a female donor for a male patient and of a
cytomegalovirus (CMV)–negative donor for a CMV-positive recipient.
Since October 1994, we preferred peripheral blood over marrow as graft
source in patients with an increased risk of graft failure and/or with a
recent serious infectious disease as outlined previously.9

Histocompatibility studies

HLA class I (A, B, and C) typing of patients and donors relied on
conventional serology (supplemented by one-dimensional iso-electric focus-
ing [1D-IEF]) until 1996 and on low-resolution DNA-based typing
(polymerase chain reaction and sequence-specific primer [PCR-SSP])
thereafter. For the purposes of the present study more than 90% of donors
and recipients belonging to the MFD group were retyped for HLA-A, B,
and C by low-resolution PCR-SSP. For identification and selection of HLA
class II (DRB1, DQB1)–matched donors, the mixed lymphocyte culture
(MLC) test was routinely used until 1994, supplemented by HLA-DR and
DQ serology. After 1994, the DRB1 and DQB1 antigens of all donors and
recipients were identified according to the German consensus on immuno-
genetic donor search.19 Thus, for patients and donors belonging to the ISD
and MFD group, low-resolution PCR-SSP (generic level, 2-digit code) was
used, supplemented by a high-resolution typing technique in case of
ambiguous results (eg, homozygosity). In the MFD setting, German experts
did not feel a need for routine high-resolution HLA-DRB1 and DQB1
typing if low-resolution typing had already disclosed a donor/recipient
DRB1 and/or DQB1 mismatch (eg, DRB1 *01 vs *04) and the test results
were supported by a pedigree plot segregation analysis. In contrast
high-resolution PCR-SSP (allelic level, 4-digit code) was routinely used in
the unrelated donor-recipient setting.

Baseline characteristics of study transplantations

The following variables were used for initial (ie, at presentation) character-
ization: type of donor (MUD, yes � 1 vs other � 0; and in parallel MFD,
yes � 1 vs other � 0), patient sex, donor sex, sex mismatch (female donor
for male recipient � 1, other � 0), patient age, donor age, ABO blood
group major incompatibility, underlying disease (CML, AML, ALL),
disease stage (early [CML first chronic phase, and AML/ALL first complete
remission] � 0 vs advanced [all other stages] � 1), and graft source
(peripheral blood [PB] � 0 vs bone marrow [BM] � 1). For all MFD
transplantations the following initial parameters were documented addition-
ally: donor/recipient HLA match/mismatch as detailed by HLA locus (A, B,
C, DRB1, and DQB1) and involved immunologic vector (GVH, HVG
direction), sum of HLA class I, as well as sum of HLA class II mismatches
in GVH and in HVG direction (Figure 1).

Outcome characteristics of study transplantations

In order to document transplantation outcome, the following variables were
selected: overall survival (OS), treatment-related mortality (TRM), engraft-
ment, grades II to IV acute graft-versus-host disease (aGVHD), and relapse
(REL). For all outcome variables, time after transplantation to event was
documented together with the corresponding status variable (event/
censored). Engraftment was assumed if self-sustaining blood neutrophil
counts higher than 1 � 109/L (1000/�L) together with untransfused platelet
counts higher than 20 � 109/L (20 000/�L) were reached by day 28 after
transplantation. The grades of aGVHD were assessed according to the
published standard criteria.20 The diagnosis of relapse was established by
cytomorphology and/or cytogenetics.

Univariate statistical analysis

For direct comparison of initial parameters of the 3 study groups, the
Kruskal-Wallis test was used for skewed continuous variables (such as time
to therapy), a one-way analysis of variance (ANOVA) for symmetrically
distributed continuous variables (such as age), and the chi-square test for
independence for categoric variables. To illustrate the dependence of time

to event of the 3 transplantation groups (ISD, MFD, and MUD) Kaplan-
Meier diagrams were used. If “stage of disease” was the dominating
influence parameter the corresponding Kaplan-Meier diagram is shown
after stratification for disease stage. Since all Kaplan-Meier diagrams are
shown for illustrative rather than inferential analysis, P values have been
deferred to the multivariate analysis.

Multivariate statistical analysis

The influence of all baseline variables listed in Table 1 on the times to
achieve the analytic end points of transplantation outcome was evaluated by
Cox proportional hazard regression with backward elimination of parame-
ters with a P value more than .2. For the analysis of interactions, the
variables of main interest “MFD: yes/no” and “MUD: yes/no” were forced
to remain in the Cox model. Interactions between the variables “MFD:
yes/no” and “MUD: yes/no” and the identified risk factors in the final Cox
model were evaluated by including interaction terms (eg, the interaction
between patient age and MFD, and the interaction between patient age and
MUD) one at a time and testing whether the explained deviation of the
model exceeded the 0.95 quantile of the chi-square distribution with one
degree of freedom.

For graft failure as an event, the scarcity of events did not allow a higher
dimensional analysis without severe risk of biased estimation. Therefore, an
exploratory analysis of the biologically plausible variables was performed
in order to test whether the obtained results are within the range of results
reported by previously studies.

Figure 1. HLA characteristics of transplantations from HLA-matched family
donors other than genotypically HLA-identical siblings (MFD study group).
HLA matches (white boxes) and HLA mismatches (black boxes) are detailed by the
HLA loci (A, B, C, DRB1, and DQB1) and the immunologic vector (GVH indicates
graft-versus-host; HVG, host-versus-graft). N indicates number of transplantations
for a given HLA constellation. More than 95% of the given HLA mismatches were full
antigen mismatches (eg, A*02 vs A*03, DRB1*01 vs DRB1*04), whereas the
remaining mismatches were HLA antigen split mismatches (eg, B*15 [62] vs B*15
[63], B*40 [60] vs B*40 [61]).
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Results

Overall survival (OS)

Univariate statistical analysis showed the stage of disease and
the age of the patient to have a marked influence on OS after
HSCT. The 5-year OS rate, for example, reached 67% for
patients with early disease, but declined to 29% for patients with
advanced disease. The corresponding data for OS were 65% for
patients aged 37 years or younger, but dropped down to 47% for
patients older than 37 years. In contrast, univariate analysis
could not demonstrate any impact on OS of all other initial
characteristics listed in Table 1, including the type of donor
used. In order to illustrate the results of univariate analysis, the
OS curves for the 3 study transplantation groups (ISD, MFD,
and MUD) are shown in Figure 2 after stratification for the
dominating variable “stage of disease.”

Multivariate statistical analysis revealed the parameters “dis-
ease stage,” “patient age,” “time interval between diagnosis and
transplantation,” as well as “donor age” to be independent risk
factors for OS (cf, Table 2). In contrast, the type of donor was
excluded from the Cox model for OS, irrespective of whether
tested as “MUD: yes/no” (P � .6) or as “MFD: yes/no” (P � .4).
For comparison with the explanatory parameters, listed in Table 2,
the hazard ratios (95% confidence intervals) for the excluded
parameters “MUD” and “MFD” were 1.17 (0.7-1.7) and 1.15
(0.7-1.7), respectively.

Thus, in contrast to advanced disease and advanced patient age,
the type of donor (ISD, MFD, or MUD) had no significant impact
on OS after HSCT in our study.

Treatment-related/non–relapse-related mortality

Univariate statistical analysis. Treatment-related mortality (TRM)
was found to be clearly influenced by disease stage and patient age.
The 5-year TRM, for example, was 38% for patients with early

Table 1. Initial characteristics of transplantation study groups

ISD MFD MUD P

N, total 138 86 101

Patient age

Median, y (range) 40.5 (16-59) 35.5 (16-57) 40.0 (16-57) .008*

Older than 37 y (%) 84 (61) 32 (37) 58 (57) .002†

Patient sex, n, M:F (ratio) 79:59 (1.3:1) 49:37 (1.3:1) 58:43 (1.3:1) NS†

Diagnosis (%) NS†

CML 107 (77) 56 (65) 76 (75)

AML 27 (20) 25 (29) 17 (17)

ALL 4 (3) 5 (6) 8 (8)

Disease stage

Early vs advanced (%) 110 vs 28 48 vs 38 66 vs 35 .001†

(80 vs 20) (56 vs 44) (65 vs 35)

Interval: diagnosis3 TX, d, median (range)

CML 490 (38-5.162) 573 (111-4.057) 678 (102-5.182) � .0001‡

AML/ALL 190 (72-1.293) 280 (120-1.589) 601 (104-2.003) .001‡

Stem cell source

BM vs PB (%) 80 vs 58 40 vs 46 76 vs 25 � .0001†

(58 vs 42) (46 vs 54) (75 vs 25)

Donor age, y

Median (range) 41 (12-54) 43 (9-71) 36 (20-59) .006*

Older than 38 y (%) 78/138 (56) 50/86 (58) 35/101 (35) .001†

Donor sex, n, M:F (ratio) 63:75 (0.8:1) 38:48 (0.8:1) 65:36 (1.8:1) .006†

Sex mismatch,

yes, donor F, patient M (%) 43/138 (31) 27/86 (31) 13/101 (13) .001†

The P values refer to differences among the 3 study groups with regard to the indicated baseline characteristics of transplantations. M indicates male; F, female; NS, not
significant; TX, transplantation; BM, bone marrow; and PB, peripheral blood.

* One-way ANOVA.
† Chi-square test.
‡ Kruskal-Wallis test.

Figure 2. Overall survival (Kaplan-Meier estimates) after allogeneic hematopoi-
etic stem cell transplantation from genotypically HLA-identical siblings (ISDs),
alternative (partially) HLA-matched family donors (MFDs), and HLA-matched
unrelated donors (MUD). Results are given after stratification for early (ear) and
advanced (adv) disease stage. ‚ indicates MFD ear (n � 48); F, MUD ear (n � 66);
�, ISD ear (n � 110); Œ, ISD adv (n � 28); ƒ, MUD adv (n � 35); and �, MFD adv
(n � 38).
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disease but 60% for patients with advanced disease, and 25% for
patients 37 years or younger compared with 48% for patients older
than 37 years. In contrast, the other initial variables listed in Table 1
including the type of donor had no significant influence on TRM.
To illustrate the latter finding, we calculated the TRM for ISD,
MFD, and MUD group patients after stratification for the dominat-
ing risk factor (ie, disease stage). For patients with early disease we
documented a 5-year TRM of 27%, 29%, and once again 29% in
the ISD, MFD, and MUD groups, respectively; the corresponding
percentages for patients with advanced disease were 55%, 58%,
and 65%, respectively.

Multivariate statistical analysis. Cox model building sug-
gested 3 of the initial transplantation characteristics listed in Table
1 to be independent risk factors for TRM, namely “disease stage,”
“patient age,” and “donor age” (cf, Table 2). In contrast, the type of
donor was eliminated from the Cox model irrespective of whether
tested as “MUD: yes/no” (P � .5) or “MFD: yes/no” (P � .2). The
calculated hazard ratios (95% confidence intervals) for the ex-
cluded parameters “MUD” and “MFD” were 1.2 (0.7-1.9) and 1.3
(0.8-2.0), respectively.

Graft failure (GF)

Only patients surviving day 28 after transplantation (n � 318) were
included into the analysis. Notably, no case of GF was observed in
the 136 patients who underwent an ISD transplantation, whereas
GF occurred in 8 of 84 patients who underwent an MFD
transplantation and in 5 of 98 patients grafted with an MUD.

The Kaplan-Meier procedure was used to evaluate the impact of
the type of donor on the risk of primary GF on day 28 after
transplantation. The calculated risk of GF differed significantly
between the 3 groups (ISD: 0%, MFD: 8.5%, and MUD: 5.2%;
P � .004, log-rank test). In contrast, the difference between the
MFD and MUD group was not significant.

To study the influence of the other baseline variables listed in
Table 1 on GF, cross-table calculations including all evaluable
MFD and MUD group patients (n � 182) were performed. This
type of analysis revealed the variable “graft source (BM vs PB)” to
have an impact on the risk of GF. In the MUD group, BM was used

in 74 cases and PB in 24 cases, and all observed 5 cases of GF were
within the BM subgroup. In the MFD group, BM was used in 38
cases and PB in 46 cases. Of the 8 cases with graft failure, 7 were
within the BM and only 1 in the PB subgroup. For MFD patients
the observed difference in the graft failure rate between BM and PB
was significant (2-sided Fisher exact test, P � .02).

Thus, the use of an MFD or an MUD instead of an ISD is clearly
associated with a higher risk of GF.

Acute graft-versus-host disease (aGVHD)

Univariate statistical analysis disclosed the risk of grades II to IV
aGVHD to be influenced by 3 parameters, namely the type of donor
(as depicted in Figure 3), patient age (� 37 years: 37%; 37 years:
60%), and donor age (� 38 years: 39%; � 38 years: 57%).

Multivariate statistical analysis confirmed the above results
since it suggested (P � .2) the following initial variables as
independent risk factors for grades II to IV aGVHD: type of
donor “MFD,” type of donor “MUD,” “patient age,” “donor
age,” and “disease stage” (cf, Table 2). The analysis of
interactions between the parameters of main interest “MFD” and
“MUD” and the other risk factors of the final Cox model
revealed that the introduction of the interaction variable “MFD *
Patient age” improved the so-far presented Cox model signifi-
cantly (increase of Chi-square � 3.841).

Thus, the risk of aGVHD is clearly increased after HSCT from
an MFD as well as from an MUD compared with an ISD and
appears to be especially high in case of patients with advanced age
who underwent an MFD transplantation.

Relapse (REL)

Univariate statistical analysis identified several variables to influ-
ence the risk of REL. The stage of disease had the greatest impact
(early: 19%, advanced: 33%), followed by the type of donor (ISD:
29%, MFD: 19%, MUD: 16%), and the graft source (PB: 15%,
BM: 27%). Figure 4 illustrates the calculated risk of relapse for
ISD, MFD, and MUD group patients after stratification for the
dominating influence variable “stage of disease.” Of major interest

Table 2. Influence of baseline variables on transplantation outcome: clinical end points and corresponding Cox models (backward exclusion, P > .02)

Clinical end point Baseline variable Hazard ratio 95% Confidence interval P

Overall survival Disease stage 3.31 2.3-4.6 � .0001

Patient age 1.03* 1.01-1.05 .002

Interval Dg3 TX 1.09* 1.00-1.2 .07

Donor age 1.01* 0.99-1.02 .15

Treatment-related mortality Disease stage 3.45 2.3-5.0 � .0001

Patient age 1.04* 1.02-1.06 � .001

Donor age 1.02* 1.00-1.03 .04

Acute graft-vs-host disease Donor MFD 2.18 1.3-3.5 � .0001

Donor MUD 1.72 1.05-2.79 .03

Patient age 1.02* 1.00-1.05 .02

Donor age 1.01* 0.99-1.03 .15

Disease stage 1.31 0.98-1.99 .14

Relapse Disease stage 3.15 1.7-5.6 � .0001

Donor MUD 0.42 0.2-0.8 .01

Donor MFD 0.51 0.2-1.0 .05

Graft source 1.91 1.0-3.5 .03

Sex mismatch 0.42 0.2-0.9 .12

Disease stage indicates early � 0, advanced � 1; patient age, the patient age at transplantation (years); interval Dg 3 TX, time interval between diagnosis and
transplantation (years); donor age, donor age at transplantation (years); donor MFD, use of a matched family donor � 1 versus other type of donor � 0; donor MUD, use of a
matched unrelated donor � 1 versus other type of donor � 0; graft source, bone marrow � 1, peripheral blood � 0; and sex mismatch, female donor for male patient � 1 versus
other constellation � 0.

* Note that the given hazard ratios are calculated on a per-year basis.
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was the high risk of REL in ISD group patients with early disease
compared with MFD and MUD group patients with early disease.

Multivariate statistical analysis confirmed the results given
above since it suggested (with P � .2) the following independent
risk factors for relapse: “disease stage,” type of donor “MUD,” type
of donor “MFD,” “graft source,” and “sex mismatch” (cf, Table 2).

Thus, the use of an MFD or an MUD instead of an ISD seems to
be protective (hazard ratio � 1) against relapse at least in patients
with early disease.

Impact of HLA mismatches

The data presented above demonstrated MFD and MUD group
patients to be at a higher risk of aGVHD and of graft failure
compared with ISD group patients. However, the MFD group was
very heterogeneous with regard to the pattern of donor/recipient
HLA mismatches, as detailed in Table 1. Thus, we decided to
evaluate whether the documented increased risk of aGVHD and of
GF of the MFD group can be attributed to transplantations with
special patterns of donor/recipient HLA mismatches.

Impact of HLA mismatches on aGVHD

The Kaplan-Meier procedure was used to calculate the risk of
aGVHD for the following subgroups of transplantations: “MFD
class I” � MFD transplantations with one or more HLA class I
mismatches but no HLA class II mismatch in GVH direction
(n � 41), “MFD class II” � MFD transplantations with no class I
but 1 or 2 class II mismatches in GVH direction (n � 21), “MFD
MM” � MFD transplantations with no class I and no class II
mismatch in GVH direction (n � 16), and MUD transplantations.
Outcome data of ISD transplantations served as controls. As shown
in Figure 5 the aGVHD risk was found to be highest in the “MFD
class II” group (75%), intermediate in the “MFD class I” (61%) as
well as MUD (46%) groups, and lowest in the ISD (40%) and the
“MFD no MM” (28%) groups.

Multivariate statistical analysis was confined to the enrolled
MFD and MUD transplantations (n � 187). The type of donor was
tested as “MUD: yes/no,” “sum of HLA class I mismatches in GVH
direction (A � B � C),” and “sum of HLA class II mismatches in
GVH direction (DRB1 � DQB1).” Multivariate analysis suggested
the “sum of HLA class II mismatches” (P � .001) and “patient
age” (P � .08) as independent risk factors for aGVHD after HSCT
from an MFD or an MUD with hazard ratios (95% confidence
interval) of 2.1 (1.5-3.1) and 1.02 (0.99-1.04), respectively. In
contrast, the variables “MUD” and “sum of HLA class I mis-
matches” were eliminated from the Cox model with P values of .5
and .6 and hazard ratios (95% confidence interval) of 1.2 (0.6-2.5)
and 1.1 (0.7-1.7), respectively.

Thus, MFD transplantations mismatched for HLA class II
(DRB1 � DQB1) antigens in GVH direction imply a higher risk of
grades II to IV aGVHD compared with MFD transplantations
mismatched for HLA class I (A, B, and C) antigens in GVH
direction or MUD transplantations. Due to the high linkage
disequilibrium between HLA-DRB1 and DQB1 isolated DRB1 and
DQB1 donor/recipient disparities were too rare to allow for an
analysis of the impact of single locus HLA class II mismatches
on aGVHD.

Impact of HLA mismatches on primary GF

All MFD (n � 83) and MUD (n � 98) group patients surviving
day 28 after transplantation were included in the analysis. First,
cross-table calculations for the occurrence of GF were performed in
patients with 0, 1, 2, and 3 HLA class I (A � B � C) mismatches in
HVG direction, irrespective of the presence or absence of addi-
tional HLA class II mismatches in HVG direction. Consequently,
all evaluable MUD group patients figured with 0 mismatches. The
rate of GF was shown to increase significantly with the number of
HLA class I disparities from 6 (4.8%) of 125 and 1 (3.6%) of 28 for
patients with nil and 1 mismatch, respectively to 3 (13.6%) of 22

Figure 4. Risk of relapse (Kaplan-Meier estimates) after allogeneic hematopoi-
etic stem cell transplantation from genotypically HLA-identical siblings (ISDs),
alternative (partially) HLA-matched family donors (MFDs), and HLA-matched
unrelated volunteers (MUDs). Results are given after stratification for early (ear)
and advanced (adv) disease stage. Œ indicates ISD adv (n � 28); ƒ, MUD adv
(n � 35); �, ISD ear (n � 110); �, MFD adv (n � 38); ‚, MFD ear (n � 48); and F,
MUD ear (n � 66).

Figure 3. Risk of acute graft-versus-host disease (Kaplan-Meier estimates)
after hematopoietic stem cell transplantation from genotypically HLA-identical
siblings (ISDs), alternative (partially) HLA-matched family donors (MFDs), and
HLA-matched unrelated donors (MUDs). � represents ISDs; ‚, MFDs; and
�, MUDs.
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and 3 (50%) of 6 for patients exhibiting 2 and 3 mismatches,
respectively (P � .003, 2-sided Fisher exact test). In contrast, HLA
class II disparities had no influence on primary GF after adjustment
for class I disparities and class II disparities.

Finally, we tested the impact of the sum of HLAclass I (A� B � C)
and the sum of HLA class II (DRB1 � DQB1) mismatches in HVG
direction on GF by Cox model building. The sum of HLA class II
mismatches was not found to have an impact on GF (P � .7, hazard
ratio 1.1 [95% confidence interval, 0.5-2.3]), whereas the variable “sum
of HLA class I mismatches in HVG direction” appeared as a prominent
risk factor for GF with a P value of less than .001 and a hazard ratio
(95% confidence interval) of 2.6 (1.6-4.2). Thus, MFD transplantations
with more than one HLA class I (A � B � C) mismatch in
host-versus-graft (HVG) direction are associated with a higher risk of
graft failure compared with other subgroups of MFD transplantations or
with MUD transplantations.

Discussion

The present retrospective single-center study compares 3 different
approaches of HSCT as practiced at our institution, namely HSCT
from genotypically HLA-identical siblings (ISDs), related donors
other than ISDs (MFD), and HLA-matched unrelated volunteers
(MUDs). The main aim of the study was to answer the question of
whether HSCTs from MFDs or from defined subgroups of MFDs
have an inferior clinical outcome compared with MUDs.

Most differences in initial characteristics between the 3 study
cohorts documented in Table 1 were an integral part of the
evaluated procedures, for example, the higher mean donor age in
the MFD group (since the patients’ parents served as MFDs in

multiple cases) or the lower frequency of sex-mismatched transplan-
tations in the MUD group (since exclusion of sex-mismatched
donors was feasible only when several donors were available for
one patient, which is a rare event in the ISD and MFD settings).
Nevertheless, all differences in initial characteristics were regarded
as possibly confounding variables. Thus, results suggesting an
impact of the parameter “type of donor used” on clinical outcome
were accepted only if confirmed by multivariate analysis.

The sample size of the presented single-center study appears to
be sufficient with regard to the study objective, especially because
the scientific question has not been adequately considered by other
studies. However, even if the quality of the presented data allows
for making valid statistical predictions, we are aware that the
number of cases enrolled is comparatively low in view of the
clinical impact of our main conclusions. This applies especially to
our finding that overall survival appears to be similar between the 3
study groups (cf, Figure 2 and Table 2).

Our finding of a similar long-term overall survival among the 3
study groups is surprising at least at first glance, since at the same
time the present study demonstrated an increased risk of primary
GF (cf, “Results,” section 3) as well as acute GVHD grades II to IV
(cf, “Results,” section 4) in the MFD and MUD compared with the
ISD group, and GF as well as clinically relevant aGVHD are
well-known life-threatening complications after HSCT.

However, our findings are in accordance with those of a recent
large multicenter study, comparing the outcome after ISD and
MUD transplantations for CML,21 and may be explained as
follows. In a statistical analysis focusing on long-term OS after
HSCT the impact of GF on OS may become “invisible” for the
following reasons: (1) primary GF is a rare event even in the MFD
(8.5%) and MUD (5.2%) groups and occurs early after transplanta-
tion. Thus, more frequent causes of death may “dilute” the impact
of GF on OS at the long term, and (2) patients successfully
undergoing retransplantation after GF are notably not censured in
the Kaplan-Meier analysis for OS. Furthermore, the adverse effect
of acute GVHD on OS after transplantation from MFDs or MUDs
seem to be compensated at the long-term by the documented
reduced risk of relapse at least in patients who underwent
transplantation for early disease (cf, Figure 4). At any rate, our
finding of a similar OS after transplantation from an ISD, MFD,
and MUD allows for 2 conclusions: (1) MFDs and MUDs, as
defined by this study, are both acceptable in principal if an ISD is
not available and (2) the worldwide efforts in building up
“unrelated marrow donor registries” were worthwhile.6,22-24

Another important result of this study is that 2 subgroups of
MFD transplantations had an inferior outcome compared with the
ISD and MUD groups: (1) donor/recipient HLA class II (DRB1 �
DQB1) antigen mismatches in GVH direction were associated with
an increased risk of clinically relevant aGVHD (cf, Figure 5), and
(2) HLA class I (A � B � C) mismatches in HVG direction
(especially if combined) resulted in an elevated risk of graft failure.
Thus, for patients lacking an HLA-identical sibling donor, an
available related donor mismatched for HLA-DRB1 � DQB1 in
GVH or for HLA-A � B � C in HVG direction should be selected
only in clinically urgent settings that leave no time to identify a
possibly available MUD.

Additionally, our study gave a detailed insight into the biology
of HLA in the context of allogeneic HSCT from related donors.
Obviously, HLA class II mismatches in GVH direction play a key
role for the development of aGVHD, whereas HLA class I
mismatches in HVG direction have a major impact on the risk of
graft failure. Of note, our findings on HLA biology in the related

Figure 5. Impact of mismatched HLA loci on the risk of acute graft-versus-host
disease (Kaplan-Meier estimates). Class I MM: 1A or 1B or 1C or 1B � 1C
mismatch, but no class II mismatch in GVH direction. Class II MM: 1 DRB1 and/or 1
DQB1 mismatch, but no class I mismatch in GVH direction. For comparison, the
outcomes after transplantation from HLA-identical siblings (ISDs) and HLA-matched
unrelated donors (MUDs) are also shown. Œ indicated MFD-MM II (n � 21); �,
MFD-MM I (n � 41); ƒ, MUD (n � 101); �, ISD (n � 138); and F, MFD-no MM
(n � 16).
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setting are identical to those of a recent study from Seattle
analyzing a large cohort of unrelated transplantations.25 Another
point of interest is the relatively high relapse rate for the early
disease group (cf, Figure 4). A straightforward explanation for this
phenomenon is that the use of an MFD or an MUD is protective
against relapse only in case of early disease, but not in case of
(generally more aggressive) advanced disease stages.

Finally, the data of this study indirectly contribute to the
recent discussion of whether donor/recipient HLA-A, B, and C
sequence-based typing (SBT)26-28 will improve the outcome
after unrelated HSCT without compromising donor availabil-
ity.29,30 Our present data clearly argue against the routine use of
SBT. We did not use this time-consuming typing technique and
could nevertheless achieve the same long-term OS results after
transplantation from an MUD and a “golden-standard” ISD. Of
interest is that a recent editorial published in the New England

Journal of Medicine31 endorses our present view. Nevertheless,
our data on the value of SBT are still preliminary, since our
outcome results were reached under special supportive therapy
modalities32 (strict reverse isolation and consequent gut decon-
tamination of anaerobic bacteria).
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Riebschläger, for fruitful discussions.

References

1. Armitage JO. Medical progress: bone marrow
transplantation. N Engl J Med. 1994;330:827-
838.

2. Ottinger H, Grosse-Wilde M, Schmitz A, Grosse-
Wilde H. Immunogenetic marrow donor search
for 1012 patients: a retrospective analysis of
strategies, outcome and costs. Bone Marrow
Transplant. 1994;14(suppl 4):S34-S38.

3. Anasetti C, Amos D, Beatty PG, et al. Effect of
HLA compatibility on engraftment of bone marrow
transplants in patients with leukemia or lym-
phoma. N Engl J Med. 1989;320:197-204.

4. Anasetti C. Hematopoietic cell transplantation
from HLA partially matched related donors. In:
Thomas ED, Blume KG, Forman SJ, eds. Hema-
topoietic Cell Transplantation. Boston, MA: Black-
well Science; 1999:904-914.

5. Nademanee A, Schmidt GM, Parker P, et al.The
outcome of matched unrelated donor bone mar-
row transplantation in patients with hematological
malignancies using molecular typing for donor
selection and graft-versus-host disease prophy-
laxis regimen of cyclosporine, methotrexate, and
prednisone. Blood. 1995;86:1228-1234.

6. McCullough J, Hansen J, Perkins H, Stroncek D,
Bartsch G. The national marrow donor program:
how it works, accomplishments to date. Oncol-
ogy. 1989;3:63-74.

7. Ottinger H, Schulze-Rath R, Schmitz A, Grosse-
Wilde H. Progress of unrelated bone marrow do-
nor search at the University Hospital of Essen
(1991-1994). Ann Hematol. 1995;71:71-75.

8. Ottinger H, Beelen D, Sayer H, Schaefer UW,
Grosse-Wilde H. Bone marrow transplantation
from partially HLA mismatched related donors in
adults with leukaemia: the experience at the Uni-
versity Hospital of Essen, Germany. Br J Haema-
tol 1996;92:913-921.

9. Beelen DW, Ottinger HD, Elmaagacli A, et al.
Transplantation of filgrastim-mobilized peripheral
blood stem cells from HLA-identical sibling or al-
ternative family donors in patients with hemato-
logic malignancies: a prospective comparison on
clinical outcome, immune reconstitution, and he-
matopoietic chimerism. Blood. 1997;90:4725-
4735.

10. Hansen JA, Gooley TA, Martin PJ, et al. Bone

marrow transplants from unrelated donors for pa-
tients with chronic myeloid leukemia. N Engl
J Med. 1998;338:962-968.

11. Davies SM, Kollman C, Anasetti C, et al. Engraft-
ment and survival after unrelated donor bone
marrow transplantation: a report from the Na-
tional Marrow Donor Program. Blood. 2000;96:
4096-4102.

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

13. Sierra J, Storer B, Hansen JA, et al. Unrelated
donor marrow transplantation for acute myeloid
leukemia: an update of the Seattle experience.
Bone Marrow Transplant. 2000;26:397-404.

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

15. Olerup O, Aldener A, Fogdell A. HLA-DQB1 and
-DQA1 typing by PCR amplification with se-
quence specific primers (PCR-SSP) in 2 hours.
Tissue Antigens. 1993:41:119-134.

16. Scott I, O’Shea J, Bunce M, et al. Molecular typ-
ing shows high level of HLA class I incompatibility
in serologically well matched donor/patient pairs:
implication for unrelated marrow donor selection.
Blood. 1998;92:4864-4871.

17. Pizzo PA. Fever in the immunocompromised pa-
tient. New Engl J Med. 1999;341:893-900.

18. Goker H, Haznedaroglu IC, Chao NJ. Acute graft-
vs.-host disease: pathobiology and management.
Exp Hematol. 2001;29:259-277.

19. Ottinger HD, Albert E, Arnold R, et al. German
consensus on immunogenetic donor search for
transplantation of allogeneic bone marrow and
peripheral blood stem cells. Bone Marrow Trans-
plant. 1997;20:101-105.

20. Glucksberg H, Storb R, Fefer A, et al. Clinical
manifestation of graft-versus-host disease in hu-
man recipients of marrow from HLA-matched sib-
ling donors. Transplantation. 1974;18:295-304.

21. Weisdorf DJ, Anasetti C, Antin JH, et al. Allogenic

bone marrow transplantation for chronic myelog-
enous leukemia: comparative analysis of unre-
lated versus matched sibling donor transplanta-
tion. Blood. 2002;99:1971-1977.

22. Cleaver SA. The Anthony Nolan Research Cen-
tre. Bone Marrow Transplant. 1993;11(suppl 1):
38-40.

23. Oudshoorn M, Leeuwen A, Zanden HGMV, Rood
JJV. Bone marrow donors worldwide: a success-
ful exercise in international cooperation. Bone
Marrow Transplant. 1994;14:3-8.

24. Ehninger G, Rutt CM, Ebert A, et al. Accumulation
of German bone marrow donor data. Dtsch Med
Wochenschr. 1994;119:1359-1364.

25. Petersdorf EW, Gooley TA, Anasetti C, et al. Opti-
mizing outcome after unrelated marrow trans-
plantation by comprehensive matching of HLA
class I and II alleles in the donor and recipient.
Blood. 1998;92:3515-3520.

26. Kotsch K, Wehling J, Köhler S, Blasczyk R. Se-
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