
ORIGINAL ARTICLE

Comparison of long-term outcomes after allogeneic hematopoietic stem cell

transplantation from matched sibling and unrelated donors

JM Hows1, JR Passweg2, A Tichelli2, A Locasciulli3,4, R Szydlo5, A Bacigalupo6, N Jacobson7,
P Ljungman8, J Cornish9, A Nunn10, B Bradley11 and G Socié12, for the IMUST Study Participating
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Long-term survivors of hematopoietic stem cell transplants
remain at risk of potentially fatal complications that detract
from life quality. Long-term morbidity and mortality were
compared between matched recipient cohorts surviving 2 or
more years and defined by donor type, HLA matched
sibling donor (MSD) or volunteer unrelated donor (URD).
Patients were previously entered into the prospective
multicenter International Unrelated Search and Transplant
Study. Thirty-nine centers provided data on 108 URD and
355 MSD recipients surviving more than 2 years. Long-
term survival, performance status, chronic GvHD (c-
GvHD), secondary malignancy, endocrine dysfunction,
cataracts, bone necrosis and dental pathology were
compared between cohorts. Twelve year survival was
7775% for the MSD and 67711% for the URD cohort
(P¼ 0.1). Late death occurred in 105 of 463 recipients alive
at 2 years, 73 after 355 (21%) MSD and 32 after 108
(30%) URD transplants, P¼ 0.10. Of 105 deaths, the
cause was relapse in 60 and unrelated to relapse in 45 cases.
Cumulative incidence of extensive c-GvHD (P¼ 0.002),
cataracts (P¼ 0.02) and bone necrosis (P¼ 0.02) was
higher after URD transplants. No long-term difference in
endocrine dysfunction, secondary malignancy and major
dental pathology was detected. This landmark study will
assist physicians counseling patients pre-transplant and with
their long-term care post transplant.
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Introduction

Allogeneic hematopoietic stem cell transplantation is an
established therapy for hematologic malignancy with
approximately 50% of patients becoming long-term survi-
vors.1,2 The incidence of treatment-related mortality within
2 years is 20–30% and of disease recurrence within 2 years
10–20%.3 Patients surviving beyond 2 years remain at
risk of relapse and transplant-related morbidity and
mortality.4–6 Major late transplant-related complications
are chronic GvHD (c-GvHD),7 second malignancy, endo-
crine failure, cataracts and bone necrosis.5 Analysis of late
complications in long-term survivors is essential to
optimize management and to find ways to reduce toxicity
of transplant protocols.

The ideal allogeneic stem cell donor is an HLA matched
sibling donor (MSD), minimizing the probability of post
transplant allo-immune complications, including acute and
c-GvHD.8 The probability of patients in the western world
having a MSD within their family is about 30%. In many
countries, family size is becoming smaller, reducing the
number of MSD. There has been intensive worldwide
activity to establish a network of volunteer unrelated donor
(URD) registries,9 http://www.bmdw.org/. Approximately
10 million adult volunteer donors have been tissue typed
and the numbers of transplants from URDs are rising
steadily.10

The use of URDs has been associated with an increased
probability of early transplant-related mortality and
morbidity.8 In contrast, there are few data on long-term
outcome. For patients with a good clinical performance
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score, the use of URD transplantation remains a curative
option. Investigating the long-term outcome beyond 2
years of URD compared with MSD transplantation is
therefore warranted and is the primary aim of this analysis.
This is the first multicenter study of long-term quality of
life, morbidity and mortality after stem cell transplantation
using prospectively matched patient cohorts.

Methods

Patient selection
Between 1989 and 1992, the International Unrelated Search
and Transplant (IMUST) Study Group prospectively
collected data from 353 URD transplants consecutively
performed at 41 transplant centers reporting to the
European Group for Blood and Marrow Transplant
ation.11 A control cohort of 724 HLA MSD transplants
was accrued over the same time period. Two MSD
transplants were recruited for each unrelated transplant,
assuming that early post transplant death was twice as
likely to occur after URD transplants.12 The cohorts were
prospectively matched for transplant center, diagnosis,
patient age and stage of disease at the time of transplanta-
tion. Clinical follow-up data were requested on study forms
at 3, 6 and 12 months, then annually. Interim results of the
prospective cohort controlled study have been pub-
lished.11,13

Thirty-nine of the 41 centers contributing data to the
IMUST Study participated in the current study contribut-
ing 361 MSD and 119 URD recipients surviving more than
2 years after transplantation. Two of 41 centers were not
eligible having no survivors at 2 years after transplantation.
Two of 39 centers were excluded because of incomplete
data in 20 cases (six MSD and 14 URD transplants). All
463 long-term survivors from the remaining 37 centers were
included, 355 in the MSD and 108 in the URD cohort.
There were no differences in patient or transplant
characteristics before and after exclusion of the two centers.

Data collection and definitions in current study
Thirty-seven centers completed a study questionnaire on
included patients requesting details of survival, date of last
follow-up, Karnofsky status as assessed by the physicians
(good 90–100; poor less than 90), c-GvHD, second
malignancy, bone necrosis, cataracts and endocrine failure.
Endocrine failure was defined as biochemical and clinical
evidence for one or more of the following, gonadal failure,
thyroid insufficiency, growth hormone deficiency or dia-
betes mellitus. Primary data were recorded locally utilizing
the participating centers own protocols. Severity of c-
GvHD was assessed using published criteria.14 Second
malignancies were documented from pathology reports;
diagnosis of endocrine failure was based on clinical
observation and biochemistry, bone necrosis on radiology
and magnetic resonance imaging and cataracts on ophthal-
mologic examination. One study investigator validated data
by direct contact with the centers and reference to the
IMUST Study and European Group for Blood and
Marrow Transplantation (EBMT) databases. Institutional
review boards at individual centers approved the data

collection and all individuals provided informed consent
according to the Declaration of Helsinki.

Patient and transplant characteristics
Patient and transplant characteristics are summarized in
Table 1. Status and date of last follow-up was from April
2004. Median follow-up of recipients of 355 MSD and 108
URD transplants alive at 2 years was 10 years (range 3–14
years) and 10 years (range 7–14 years), respectively. Only
10% of all recipients were followed for less than 8 years.
Most patients were transplanted for hematologic malig-
nancy. There were no significant differences in the
distribution of the main diagnostic categories, patient age
and patient gender between the two cohorts. Typing of
HLA-A, -B and -DR alleles was carried out using
serological methods as described previously.11 In the
URD cohort, 99 pairs were HLA matched and nine
mismatched. TBI was utilized at equal frequency in the
two cohorts. Patients with hematologic malignancy either
received 10Gy unfractionated or 12Gy fractionated TBI
with no difference in the utilization of each TBI regimen in
the two cohorts. Donor T-cell depletion to prevent GvHD
was used less frequently in MSD transplants (Table 1). All
patients received bone marrow donations, and all those
with hematological malignancy received myeloablative
conditioning treatment.

Statistical analysis
Events occurring after 2 years post transplant were
analyzed, as reported by others.6 The Kaplan–Meier
estimator was used to assess the probability of survival.15

Cumulative incidence rates and their 95% confidence
intervals (CIs)16 were used to estimate c-GvHD, second

Table 1 Characteristics of patients surviving 2 or more years post

transplant related to donor type

MSD URD P-value
n¼ 355 n¼ 108

Diagnosis n (%) n (%) 0.33
Acute leukemia 123 (35) 36 (33)
Chronic leukemia 162 (47) 57 (53)
MPS/MDS 12 (3) 3 (3)
NHL/MM 21 (5) 1 (1)
Inherited disorder 10 (3) 4 (4)
Acquired aplastic anemia 27 (7) 7 (6)

Median age, years (range) 30 (1–57) 27 (1–48) 0.6
Gender, M/F 200/155 70/38 0.12

HLA donor–recipient matcha NA
HLA match 355 99
HLA mismatch 0 9

TBI conditioningb, yes/no 259/96 85/23 0.23
T-cell depletionc, yes/no 68/287 33/75 0.01
Years follow-up (range) 10 (3–14) 10 (7–14) NA

Abbreviations: F¼ female; M¼male; MPS/MDS¼myeloproliferative
syndrome/myelodysplastic syndrome; MSD¼matched sibling donor;
NA¼ not available; NHL/MM¼ non-Hodgkin’s lymphoma/multiple mye-
loma; URD¼ volunteer unrelated donor.
aSerological typing of HLA-A, -B, -DR loci.
bTotal body irradiation pre-transplant conditioning therapy.
cT-cell depletion of donor marrow.
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malignancies, endocrine failure, bone necrosis and catar-
acts. The log-rank test was used to compare groups. The
Cox proportional hazards regression model was used to
independently assess the impact of donor type on outcomes
after adjusting for other covariates. Proportionality was
tested using time-dependent covariates and non-propor-
tionality was dealt with by modeling time varying effects.17

Frequent outcomes were subjected to multivariate analysis,
for example, death and c-GvHD. All types of endocrine
failure were combined as a single outcome allowing
multivariate analysis.6 Events reported rarely, for example,
bone necrosis, were only analyzed by univariate methods.

Results

Survival and cause of death
The probability of 12-year survival for all patients alive 2
years or more post transplant was 7575%, 7775% for the
MSD and 67711% for the URD cohort, P¼ 0.1 (Figure 1).
Deaths continued to occur in both cohorts with 105 deaths
among the 463 patients studied. Seventy-three deaths
occurred after 355 MSD and 32 after 108 URD transplants.
Relapse was the cause of death in 42 of 74 (57%) patients
from the MSD cohort and in 18 of 31 (58%) patients from
the URD cohort (P¼ 1.00). Death was due to non-relapse
mortality in 45 cases. Nineteen of the 339 survivors were
lost to follow-up, although 15 of the 19 were followed for
more than 5 years.

Late effects and performance status
The cumulative incidence at 12 years of extensive c-GvHD,
cataract formation and bone necrosis was significantly
higher in the long-term survivors of the URD compared
with the MSD cohort (Table 2). In contrast, no difference
in cumulative incidence of endocrine dysfunction, second-
ary malignancy and major dental pathology was detected
(Table 2). A similar proportion of patients with a poor
Karnofsky performance score of less than 90% was
observed in the long-term survivors in the two cohorts,
eight of 70 (11%) patients in the URD compared with 20 of
240 (8%) patients in the MSD cohort, 48 with missing data
(13%), P¼ 0.47.

Donor type and c-GvHD
C-GvHD was reported in 221 of 463 (48%) patients and the
cumulative incidence of extensive c-GvHD is shown in
Table 2. The probability of survival in patients without c-
GvHD was similar in the MSD and URD cohorts, P¼ 0.12
(Figure 2a). Survival in the presence of limited c-GvHD
was also similar comparing the two cohorts (Figure 2b).
Patients with extensive c-GvHD in both cohorts had a
reduced probability of survival (Figure 2c). Multivariate
analysis of factors independently predicting survival is
shown in Table 3.

Donor type and secondary malignancy
The reported incidence of secondary malignancy was low in
both cohorts. Twenty-five patients developed 26 secondary
malignancies, 17 of 355 patients in the MSD and 8 of

108 patients in the URD cohort. The cumulative incidence
of secondary malignancy is shown in Table 2 and was
associated with extensive c-GvHD, 15% (CI 7–34),
compared with 4% (CI 1–14) for limited and 2%
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Figure 1 Probability of late survival 2 and more years after allogeneic
stem cell transplantation. Figure shows the probability of late survival 2 or
more years after allogeneic stem cell transplantation. (a) The probability
of survival in all patients. (b) The probability of survival is significantly
worse in patients with extensive c-GvHD, 49714%, compared with those
with no c-GvHD, 8276%, or limited disease, 8077%, P¼ 0.0001. (c) A
nonsignificant trend toward worse survival in the URD cohort, 67711%,
compared with the MSD cohort, 7775%, P¼ 0.10.
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(CI 0–5%) for absent disease, P¼ 0.0001. The commonest
malignancy was squamous cell carcinoma of the tongue or
oral cavity with nine cases reported. Breast carcinoma was
reported in three cases, osteosarcoma in three, gastro-
intestinal carcinoma in two, central nervous system
malignancy in two and one case each of secondary
leukemia, non-Hodgkin’s lymphoma, thyroid cancer and
basal cell carcinoma. Unspecified malignancy was reported
in two cases. Twelve of the 25 patients died from
malignancy.

Donor type and endocrine failure
Endocrine failure was reported in 114 of 463 of the late
survivors, 82 of 355 patients in the MSD and 27 of 108
patients in the URD cohort. The cumulative incidence of
endocrine is shown in Table 2 and was significantly higher
in female patients, 41% (CI 34–50), compared with male
patients, 19% (CI 14–26), P¼o0.0001. By 12 years post
transplant, the cumulative incidence of endocrine failure
in children under 10 years had risen to 59% (CI 47–79)
compared with 23% (CI 18–29) in older recipients,
P¼o0.0001. These findings were confirmed by multi-
variate analysis (Table 4).

Donor type and cataracts
Cataracts were reported in a total of 135 cases, 95 patients
in the MSD and 40 patients in the URD cohort. The
cumulative incidence of cataracts is shown in Table 2.
Patients treated with TBI had a higher cumulative
incidence of cataract formation at 12 years, 39% (CI
34–46), compared with those who received none, 11%
(CI 5–22%), P¼o0.0001. In multivariate analysis, TBI
and donor type remained independent predictors of
cataract formation, relative risks 5.5 (CI 2.7–11.2) and 1.5
(CI 1.0–2.3), respectively, P¼ 0.03.

Donor type and bone necrosis
Bone necrosis was reported infrequently in late survivors.
Ten patients were reported in the MSD and 13 patients in
the URD cohort. The cumulative incidence is shown in
Table 2, and was significantly higher in patients with
extensive c-GvHD, 11% (CI 6–23), compared with limited,
7% (CI 4–12), or no c-GvHD, 1% (CI 0–4), P¼ 0.0002.

Discussion

This is the first multicenter study of late morbidity and
mortality in prospectively matched cohorts comparing

Table 2 Cumulative incidence of late effects related to donor type

at 12 years after allogeneic stem cell transplantation

MSD % (CI)a URD % (CI) P-value

Extensive c-GvHDb 30 (22–42) 49 (44–55) 0.002
Cataract formation 28 (24–34) 43 (33–57) 0.02
Endocrine failure 29 (23–35) 28 (19–40) 0.8
Bone necrosis 3 (2–6) 9 (4–17) 0.02
Second malignancy 5 (3–11) 4 (2–10) 0.75
Major dental pathology 10 (6–17) 5 (2–12) 0.45

Abbreviations: MSD¼matched sibling donor; URD¼ volunteer unrelated
donor.
a95% confidence interval.
bExtensive c-GvHD.
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Figure 2 Probability of late survival by donor type and severity of
c-GvHD. Figure shows the probability of late survival in relation to donor
type and c-GvHD. There was no significant difference in survival between
URD and MSD transplant recipients with either extensive or limited
c-GvHD. However, in patients without c-GvHD there was a nonsignificant
trend toward worse survival in recipients of URD transplants, 70717%,
compared to recipients of MSD transplants, 8576%, P¼ 0.12.
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MSD and URD transplants. URDs were also associated
with a significantly increased cumulative incidence of
extensive c-GvHD, cataract formation and bone necrosis
at 12 years post transplant. There was a trend toward worse
survival in the URD compared with the MSD cohort.

Published IMUST Study data showed the deleterious
effect of donor type on short-term transplant outcomes.11,13

The probability of survival after 400 days was worse in the
unrelated compared with the MSD cohort, P¼o0.001.
Multivariate analysis confirmed that donor type was a
powerful independent predictor of early survival. There was
also a significantly higher probability of Grade II–IV acute
GvHD in the URD cohort, P¼ 0.009. The current analysis
shows the continued effect of donor type on the incidence
of GvHD in the long term. The cumulative incidence at
12 years of extensive c-GvHD was 49% (CI 44–55) in the
URD compared with 30% (CI 22–42) in the MSD cohort,
P¼ 0.002.

The higher incidence of extensive c-GvHD in the URD
cohort may in part be due to undetected HLA mismatches
in the 99 ‘matched’ URD-recipient pairs18 as HLA typing
of HLA-A, -B and -DR loci was by serology.11 In addition,

nine of 108 pairs were overtly mismatched. High resolution
DNA typing of donors and recipients for HLA-A, -B, -C,
-DRB1 and -DQB1 loci19,20 has since been associated with
improved survival and reduced GvHD after URD trans-
plantation.21 In contrast, some investigators have since
observed a low incidence of GvHD after T-cell depleted
HLA mismatched transplants.22

Cataracts detract from quality of life and were more
frequent in the URD cohort (Table 2 and Figure 3a). The
mainstay of therapy for c-GvHD is prolonged corti-
costeroid therapy,14,23,24 suggesting that corticosteroids
were associated with the significantly higher incidence of
cataracts in the URD cohort.5 It is unlikely that extensive
c-GvHD directly contributed to cataract formation, as the
lens is avascular. An association between TBI and cataract
formation was found in this study as documented else-
where.25 Patients with hematologic malignancy either

Table 3 Multivariate analysis of survival of patients alive 2 years

after allogeneic stem cell transplantation

Variable Relative risk 95% CI P-value

Donor type
MSD 1.0
URD 1.4 0.9–2.2 0.14

Recipient age (years)
o20 1.0
20–40 1.9 1.1–3.4 0.02
440 2.4 1.3–4.6 0.007

c-GvHDa

None 1.0
Limited 0.8 0.5–1.4 0.8
Extensive 2.3 1.4–3.7 0.01

Abbreviations: CI¼ confidence interval; MSD¼matched sibling donor;
URD¼ volunteer unrelated donor.
aExtensive c-GvHD.

Table 4 Multivariate analysis of endocrine failure after allogeneic

SCT

Variable Relative risk 95% CIa P-value

Donor type
URD 0.83 0.51–1.34 0.45

Female gender
Events before 1 year 21.1 5.0–89 0.0001
Events after 1 year 1.6 1.0–2.5 0.06

Age less than 10 years
Events before 2 years 0.2 0.0–0.8 0.03
Events after 2 years 8.6 5.0–15 0.0001

T-cell depletion 3.0 2.0–4.5 0.0001

Abbreviations: CI¼ confidence interval; URD¼ volunteer unrelated
donor.
a95% confidence interval.
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Figure 3 Cumulative incidence of cataracts and bone necrosis by donor
type 12 years after allogeneic stem cell transplantation. Figure shows the
cumulative incidence of cataract and bone necrosis in late survivors 12
years after allogeneic stem cell transplantation. (a) A significantly higher
cumulative incidence of cataracts in the URD cohort, 43% (CI 33–57),
compared with the MSD cohort, 28% (CI 24–34), P¼ 0.02. (b) The
cumulative incidence of bone necrosis is significantly higher in the URD
cohort, 9% (CI 4–17), compared with the MSD cohort, 3% (CI 2–6),
P¼ 0.02.
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received 10Gy unfractionated or 12Gy fractionated TBI.
More detailed information about TBI regimens was not
collected; however, it is likely that recipients of URD
transplantation received more intensive TBI regimens as
significantly more URD recipients received T-cell depleted
grafts (Table 1).

We observed a higher incidence of bone necrosis in the
URD compared with the MSD cohort (Figure 3b). The
cumulative incidence of bone necrosis at 12 years reached
11% in patients affected by extensive c-GvHD, and was
more frequent in the URD cohort (Figure 3). C-GvHD of
bone is not a recognized condition, but it is likely that
prolonged therapy with corticosteroids increased the
probability of bone necrosis.26 Many patients with bone
necrosis have a poor quality of life and around 50% of
affected patients require joint replacement therapy.27

No association between secondary malignancy and donor
type was found in the current study (Table 2). However,
extensive c-GvHD was associated with secondary malig-
nancy, as reported by others.6,28 Failure to detect a
difference in the incidence of secondary malignancy between
the cohorts may be due to the low incidence of malignancy
combined with the relatively small overall number of
patients studied. The cumulative incidence of second
malignancies is known to continue to rise beyond 10 years
compared with the age-matched general population;6 there-
fore, a difference may be identified with longer follow-up.

Endocrine failure was frequently reported in both MSD
and URD cohorts (Table 2), with no difference in the
cumulative incidence at 12 years, P¼ 0.8. Previous studies
have emphasized the female predominance of endocrine
failure after transplantation mainly owing to ovarian
failure secondary to irradiation and busulfan administra-
tion.29 We support this observation by showing endocrine
failure in female subjects is usually diagnosed in the first
post transplant year (Table 4). We did not evaluate late
recovery of ovarian function during this study. It has been
shown elsewhere that recovery of reproductive function
after allogeneic stem cell transplantation is rare apart from
in children and patients transplanted for severe aplastic
anemia.30,31 This analysis demonstrated that young age is
an important factor predicting endocrine failure (Table 4).
Most episodes of endocrine failure in children were late
(Table 4). The likely explanation is that growth retardation
can only be diagnosed after a latent period. The observa-
tion that endocrine failure was found to be associated with
the use of T-cell depletion, Table 4, is probably due to the
well-known association between the use of T-cell depleted
grafts and intensive TBI regimens.

The current analysis is focused on differences in long-
term outcome associated with donor type analyzing events
occurring after 2 years post transplant. HLA typing,
transplant protocols and supportive care have improved
and the median age of adult transplant recipients has
increased since the early 1990s. However, the observations
made in this study remain highly relevant today. The use
of prospectively matched cohorts facilitated detection of
differences in long-term follow-up relating to donor type
that still has relevance in the current transplant era. Despite
prospective matching, a limitation of this study is the
relatively small number of eligible patients. Therefore,

results of analysis of unusual events such as secondary
malignancy have been interpreted with caution. Another
important caveat is that additional studies will become
necessary in the future to evaluate the impact of donor type
on long-term outcome after URD transplants where donor
selection has been performed using high resolution DNA-
based HLA typing techniques.

This study is of value to patients and physicians who care
for long-term survivors in the community after discharge
from transplant units. The analysis also provides back-
ground information for patients and physicians when an
HLA-identical MSD is not available and the choice between
an URD transplant and alternative therapy has to be made.
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Appendix

The following centers participated in the Study of the Late Effects
Working Party of the European Group for Blood and Marrow
Transplantation:
Royal Brisbane Hospital, Brisbane, Australia (EBMT no. 166);

University Hospitals, Basel, Switzerland (EBMT no. 202); Leiden
University Hospital, Leiden, The Netherlands (EBMT no. 203);
University Hospital, Ulm, Germany (EBMT no. 204); Imperial
College, Hammersmith Hospital, London, UK (EBMT no. 205);
Rigshospitalet, Copenhagen, Denmark (EBMT no. 206); University
Hospital, Zurich, Switzerland (EBMT no. 208); University Hospital
Gasthuisberg, Leuven, Belgium (EBMT no. 209); Huddinge University
Hospital, Huddinge, Sweden (EBMT no. 212); Ospedale San Martino,
Genova, Italy (EBMT no. 217); Royal Marsden Hospital, London,
UK (EBMT no. 218); University College, qLondon, UK (EBMT no.
224); Cliniques Universitaires St Luc, Brussels, Belgium (EBMT no.
234); University Medical Center St Radboud, Nijmegen, The Nether-
lands (EBMT no. 237); University Medical Centre, Utrecht, The
Netherlands (EBMT no. 239); Great Ormond Street Hospital,
London, UK (EBMT no. 243); Glasgow Royal Infirmary, Glasgow,
UK (EBMT no. 244); St James’ University Hospital, Leeds, UK
(EBMT no. 254); Hopital Cantonal Universitaire, Geneva, Switzerland
(EBMT no. 261); Birmingham Heartlands Hospital, Birmingham, UK
(EBMT no. 284); University of Wales Hospital, Cardiff, UK (EBMT
no. 303); Ottawa General Hospital, Ottawa, Canada (EBMT no. 351);
Bristol Royal Hospital for Children, Bristol, UK (EBMT no. 386);
University Hospital Birmingham NHS Trust, Queen Elizabeth
Medical Centre, Birmingham, UK (EBMT no. 387); Royal Liverpool
University Hospital, Liverpool, UK (EBMT no. 501); Royal
Manchester Children’s Hospital, Manchester, UK (EBMT no. 521);
St George’s Hospital, London, UK (EBMT no. 539); University
Children’s Hospital, Graz, Austria (EBMT no. 593); Manchester
Royal Infirmary, Manchester, UK (EBMT no. 601); University
Hospital VUB, Brussels, Belgium (EBMT no. 630); Onkozentrum,
Zurich, Switzerland (EBMT no. 700); Royal Perth Hospital, Perth,
Australia (EBMT no. 710); Leicester Royal Infirmary, Leicester, UK
(EBMT no. 713); Nottingham City Hospital, Nottingham, UK
(EBMT no. 717); Christie NHS Trust Hospital, Manchester, UK
(EBMT no. 780); Birmingham Children’s Hospital, Birmingham, UK
(EBMT no. 781).
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