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ABSTRACT

Patients with Diamond-Blackfan anemia (DBA) who are unresponsive to or intolerant of corticosteroids,
experience treatment failure with other treatments, develop additional cytopenias or clonal disease, or opt for
curative therapy are often treated with allogeneic bone marrow transplantation. We studied the transplantation
outcomes of 61 DBA patients whose data were reported to the International Bone Marrow Transplant Registry
between 1984 and 2000. The median age was 7 years (range, 1-32 years). Among 55 patients with available
transfusion information, 35 (64%) had received =20 units of blood before transplantation. Most patients (67 %)
received their bone marrow grafts from an HLA-matched related donor. The median time to neutrophil
recovery was 17 days (range, 10-119 days) and to platelet recovery was 23 days (range, 9-119 days). Five patients
did not achieve neutrophil engraftment. The 100-day mortality was 18% (95% confidence interval, 10%-29%).
Grade II to IV acute graft-versus-host disease occurred in 28% (range, 17%-39%) and chronic graft-versus-
host disease in 26% (range, 15%-39%). The 3-year probability of overall survival was 64% (range, 50%-74%).
In univariate analysis, a Karnofsky score =90 and transplantation from an HLA-identical sibling donor were
associated with better survival. These data suggest that allogeneic bone marrow transplantation is effective for
the treatment of DBA. Transplantation before deterioration of the performance status and from an HLA-
identical sibling donor may improve survival.
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INTRODUCTION

Diamond-Blackfan anemia (DBA) is a rare, con-
genital, pure red cell aplasia caused by an intrinsic
erythroid regenerative defect [1,2]. The molecular
event responsible for this single lineage defect is not
completely known in all patients. Approximately 25%
of cases are associated with a mutation in ribosomal
protein RPS19 that results in RPS19 protein haploin-
sufficiency [3,4]. Because there are no clear correla-
tions between the mutated RPS19 and the clinical
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phenotype, even within a multiplex family, it is likely
that additional molecular events collaborate for the
development of this disease [5,6].

DBA is predominantly a disease of childhood.
Clinical features of DBA include normocytic or mac-
rocytic anemia, reticulocytopenia, and bone marrow
erythrocytopenia. The natural history of DBA is vari-
able; although approximately 20% of patients may
become transfusion or corticosteroid independent,
most will eventually require long-term treatment [7].
Approximately 80% of patients have an initial re-



sponse to corticosteroids [8]. Other agents—such as
androgens, cyclosporine, intravenous gamma globu-
lin, metoclopramide, or erythropoietin—have been
used with limited success in steroid-refractory patients
[9-14]. Patients unresponsive to or unable to tolerate
medical therapies require chronic red cell transfusions
and are at risk for iron overload, with its consequent
complications.

Allogeneic bone marrow transplantation (BMT) is
a potentially curative treatment option for DBA. Since
the first report in 1976 of correction of hematopoiesis
after BMT, several authors have reported successful
transplantation for selected patients with DBA [15-
22]. However, these reports are limited by small num-
bers of patients. The largest report to date, from the
Diamond-Blackfan Anemia Registry, had 20 patients.
We analyzed the data reported to the International
Bone Marrow Transplant Registry (IBMTR) to deter-
mine outcomes after HLA-matched related (n = 41)
and alternative donor (n = 20) BMT in 61 patents
with DBA. This is the largest body of experience on
allogeneic transplantation outcomes in this disease.

PATIENTS AND METHODS

Data Sources

The IBMTR is a voluntary working group of more
than 400 transplant centers worldwide that contribute
detailed data on consecutive allogeneic hematopoietic
stem cell transplantations to a statistical center at the
Health Policy Institute of the Medical College of
Wisconsin in Milwaukee. On the basis of data col-
lected in the Centers for Disease Control Hospital
Surveys and US Government Accounting Office and
worldwide surveys of transplantation activity, approx-
imately 40% of allogeneic transplantations worldwide
are registered with the IBMTR. Participating centers
are required to report all transplantations consecu-
tively; compliance is monitored by on-site audits. Pa-
tents are followed up longitudinally, with yearly fol-
low-up.

The IBMTR collects data at 2 levels: registration
and research. Registration data include disease type,
age, sex, pretransplantation disease stage and chemo-
therapy responsiveness, date of diagnosis, graft type
(bone marrow, blood-derived stem cells, or cord
blood), pretransplantation conditioning regimen,
posttransplantation disease progression and survival,
development of a new malignancy, and cause of death.
Participating transplant centers register consecutive
transplantations. Research data are collected on a sub-
set of registered patients selected by using a weighted
randomization scheme and include detailed disease
and pretransplantation and posttransplantation clini-
cal information. Computerized checks for errors, phy-
sician reviews of submitted data, and on-site audits of
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participating centers ensure the quality of data. Ob-
servational studies conducted by the IBMTR are per-
formed with a waiver of informed consent and in
compliance with Health Insurance Portability and Ac-
countability Act regulations as determined by the In-
stitutional Review Board and the Privacy Officer of
the Medical College of Wisconsin.

Patients

Ninety-three patients were registered as having
received a transplant between 1984 and 2000. Of
these, comprehensive patient, disease, and transplan-
tation characteristics were available on 61 (66%) of 93
patients. The diagnosis of DBA was reported by the
transplant center, and the decision to proceed to
transplantation was at the discretion of the transplant
center. Patient, disease, and transplant characteristics
and overall survival of those with or without compre-
hensive data were similar (overall survival at 3 years,
63% [range, 53%-73%] versus 64% [range, 50%-
74%]; P = .93). Eligible cases came from 37 reporting
teams from 17 countries. The median follow-up of
survivors was 126 months (range, 12-164 months).

End Points

Primary end points were neutrophil and platelet
recovery, 100-day mortality, acute and chronic graft-
versus-host disease (GVHD), and overall survival. He-
matopoietic recovery was defined as achieving an ab-
solute neutrophil count =0.5 X 10°/L for 3
consecutive days and platelets =20 X 10°/L (untrans-
fused). Acute and chronic GVHD were defined as
grade II to IV acute GVHD and any chronic GVHD
(limited or extensive), respectively [23,24]. For analy-
ses of overall survival, failure was death from any
cause; surviving patients were censored at the date of
last contact.

Statistical Analysis

The probabilities of neutrophil and platelet recov-
ery and acute and chronic GVHD were calculated by
using cumulative incidence rates to accommodate
competing risks; probabilities of day 100 mortality and
overall survival were calculated by using the Kaplan-
Meier estimator [25,26]. Estimates of standard error
for the survival function were calculated by Green-
wood’s formula, and 95% confidence intervals (CI)
were calculated by using log-transformed intervals
[27]. Assessment of potential prognostic factors for
survival was limited to univariate analysis because of
the small sample size. Table 1 shows variables consid-
ered in univariate analysis. Variables not listed in the
final analysis did not meet the 5% level of significance.
P values for differences in outcomes between groups
were calculated by using the point-wise estimator. All
P values are 2 sided. All computations were performed
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Table 1. Variables Considered in the Univariate Analysis

Patient-related variables

Age at transplantation: =<I0 vs. >10y

Sex: female vs. male

Karnofsky performance score at transplantation: <90 vs. =90
Disease-related variables

Number of transfusions before transplantation: =20 vs. >20

TBI for conditioning regimen: yes vs. no

Nucleated cell dose: =4 x 10%kg vs. >4 x 10%/kg

Time from diagnosis to transplantation: <60 vs. >60 mo
Treatment-related variables

Donor-recipient sex match: F-M vs. others

Donor-recipient CMV status: donor-recipient negative vs.

others

Type of donor: HLA-identical sibling vs. others

Year of transplantation: <1990 vs. =1990

Growth factors after transplantation: yes vs. no

by using the statistical package SAS version 8.0 (SAS
Institute, Cary, NC).

RESULTS

Patient Characteristics

Patient-, disease-, and treatment-related charac-
teristics are summarized in Table 2. The median age
at transplantation was 7 years (range, 1-32 years).
Twenty-five (41%) of 61 patients were male. Most
patients (68%) had a pretransplantation Karnofsky
performance score of 90 or 100. Most (93%) had
received steroids, and 48% had received additional
therapies before transplantation. Among the 55 pa-
tients with available information on transfusions, 28
patients (51%) received 1 to 50 transfusions, and 27
(49%) received >50 transfusions. All patients received
bone marrow grafts.

Of the 61 patients in this study, 46 (75%) under-
went transplantation after 1989. The registry data on
transplantation outcomes in 10 patients with DBA
(1984 to 1990) have previously been reported [17].
Two patients included in this article who underwent
transplantation in 1990 were also included in the pre-
vious article. Forty-one patients (67 %) received trans-
plants from an HLA-identical sibling donor, 8 (13%)
from a nonsibling family donor, and 12 (20%) from a
matched unrelated donor. Patients underwent trans-
plantation a median of 62 months after diagnosis
(range, 5-286 months). All patients except 1 in this
series received conventional, cyclophosphamide-based
conditioning regimens. Only 18% of patients received
total body irradiation. The median number of mono-
nuclear cells transplanted per kilogram recipient
weight was 4 X 10%/kg (range, 1-12 X 10%/kg). Cy-
closporin A and methotrexate were the most fre-
quently used agents for GVHD prophylaxis. Approx-
imately one quarter of patients started hematopoietic
growth factors within 7 days after transplantation.
Patients who received an alternative donor transplant
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were more likely to be older (9 versus 5 years; P =
.03), to have had a longer median time from diagnosis
to transplantation (110 versus 58 months; P = .02),
and to have received total body irradiation as part of
the conditioning regimen (45% versus 5%; P < .001).

Outcomes

Hematopoietic recovery. Fifty-four of 59 evaluable
patients achieved neutrophil recovery. Among those
who achieved neutrophil recovery, the median time to
recovery was 17 days (range, 10-119 days). The prob-
ability of neutrophil recovery at day 100 was 90%
95% CI, 81%-95%) after transplantation from any
donor (Table 3). Among patients who were heavily
transfused (>50 transfusions) before BMT, the prob-
ability of neutrophil recovery at day 28 was lower
67% [95% CI, 46%-85%] versus 89% [95% ClI,
81%-95%]; P = .04). However, by days 60 and 100,
there were no significant differences between groups.
The characteristics of the 5 patients who did not
achieve neutrophil recovery did not differ from those
of patients who achieved recovery (ie, age, number of
transfusions before BMT, interval from diagnosis to
BMT, donor type, donor-recipient ABO compatibil-
ity, and cell dose). The median time for platelet re-
covery was 23 days (range, 9-119 days). Fifty-one
percent of patients achieved platelet recovery at 28
days after transplantation, and 75% achieved platelet
recovery at 100 days. The tempo of platelet recovery
among heavily transfused patients was slower. Even
though recovery rates were not statistically different at
28 and 100 days after transplantation, at 60 days, the
proportion of patients with platelet recovery was sig-
nificantly higher in patients who had received <50 red
blood cell transfusions compared with those who re-
ceived >50 red blood cell transfusions (85% [95% CI,
71%-95%] versus 63% [95% CI, 44%-79%]; P =
04).

Graft-versus-bost disease. The cumulative incidence
of grade II to IV acute GVHD was 28% (95% CI,
17%-39%) (Table 3). There were no differences in
the incidence of acute GVHD by donor type. The
cumulative incidence of chronic GVHD at 3 years was
lower among recipients of HLA-identical sibling do-
nor grafts compared with recipients of other donor
grafts (18% [95% CI, 7%-32%] vs 51% [95% CI,
26%-77%]; P = .03). The number of patients who
received unrelated or mismatched related grafts was
too small to meaningfully evaluate whether the risk of
acute or chronic GVHD was higher in these patients
compared with patients who received matched related
donor transplants. Chronic GVHD occurred in 19%
95% CI, 9%-28%), 26% (95% CI, 15%-39%), and
29% (95% CI, 17%-43%) of patients at 1, 3, and 5
years, respectively (Table 3).

Survival and disease response. The probabilities of
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Table 2. Characteristics of Patients Who Underwent Allogeneic Bone Marrow Transplantation for Diamond-Blackfan Anemia until 2000

Patient Characteristics No. Evaluable Data

No. patients 61
Age, y, median (range) 61 7 (1-32)
Age >10y 6l 20 (33)
Male sex 61 25 (41)
Karnofsky score =90 60 41 (68)
Pretransplantation therapy 60

None 4 (7)

Steroids alone 27 (45)

Steroids + other* 29 (48)
No. of transfusions before transplantation 55

1-20 20 (36)

21-50 8 (15)

>50 27 (49)
Conditioning regimen 61

BuCy + other 44 (72)

CyRad * other 13 (21)

Othert 4 (7)
Nucleated cell dose, x 10%/kg, median (range) 56 4 (1-12)
Nucleated cell dose >4 x 10%/kg 56 25 (45)
Donor-recipient sex matchi} 59

M-M 16 (27)

M-F 13 (22)

F-M 9 (15)

F-F 21 (36)
Donor-recipient CMV status 50

+/+ 19 (38)

+— 6 (12)

-+ 5 (10)

= 20 (40)
Donor-recipient ABO compatibility§ 53

Match 27 (51)

Minor mismatch 10 (19)

Major mismatch 10 (19)

Bidirectional mismatch 6 (1)
Donor type 61

HLA-identical sibling 41 (67)

Other relative| 8 (13)

Unrelatedq 12 (20)
Time from diagnosis to transplantation, mo, median (range) 61 62 (5-286)
Time from diagnosis to transplantation >60 mo 61 33 (59)
Year of transplantation 61

=1989 15 (25)

1990-1995 24 (39)

1996-2000 22 (36)
GVHD prophylaxis# 61

None 2 (3)

MTX = other 4 ()

CsA = other 12 (20)

MTX + CsA = other 38 (62)

T-cell depletion * other 5 (8)
G-CSF or GM-CSF given within 7 days after transplantation 61 14 (23)

Bu indicates busulfan; CsA, cyclosporine; Cy, cyclophosphamide; GVHD, graft-versus-host disease; MTX, methotrexate; CMV, cytomegalovirus;
G-CSF, granulocyte colony-stimulating factor; GM-GSF, granulocyte-macrophage colony-stimulating factor; Rad, combination of total body,
total lymph node, and total abdominal irradiation.

Data are n (%) unless otherwise marked.

*Other pretransplantation therapies included cyclosporine, other immunosuppressive agents given alone, cytokines, cyclosporine + cytokines,
cyclosporine + cytokines + intravenous immunoglobulin, antithymocyte globulin (ATG), ATG + cytokines, ATG + other immunosupressive
agents, ATG + cyclosporine, ATG + cyclosporine + cytokines, androgens, androgens + cytokines, and other combinations.

tOther conditioning regimens were cyclophosphamide + other (n = 3) and total body irradiation (T'BI) + fludarabine (n = 1). Eleven (18%) of 61
received TBI as part of the conditioning regimen.

+Two recipient-donor sex matches are unknown; however, they were a complete HLA match.

SABO compatibility: ABO matched = donor and recipient are the same ABO blood group; minor mismatch = donor with blood group O into
recipient with blood group A, B, or AB and donor with blood group A or B into recipient with blood group AB; major mismatch = donor with
blood group A, B, or AB into recipient with blood group O and donor with blood group AB into recipient with blood group A or B; bidirectional
= donor with blood group A into recipient with blood group B and donor with blood group B into recipient with blood group A.

[Three in the “other relative” donor category were parents.

qUnrelated donors were matched by using a serologic method for -A and -B and molecular typing for -DR.

#0Other GVHD prophylaxes were corticosteroids, AT'G, anti-T-lymphocyte monoclonal antibody, and cyclosporine.
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Table 3. Transplantation Qutcomes among Patients Who Underwent
Allogeneic Transplantation for Diamond-Blackfan Anemia until 2000

No.
Outcome Evaluable Data*
VOD of the liver, n (%) 56 8 (14)
100-d mortality 6l 18 (10-29)
Time to ANC >0.5 x 10°/L,
median (range)f 54 17 (10-119)
ANC >0.5 x 10°/L 59
28d 78 (66-86)
100 d 90 (80-95)
Time to platelets >20 x 10°/L,
median (range) 55 23 (9-119)
Platelets >20 X 10°/L 55
28d 51 (38-63)
100 d 75 (63-85)
Acute GVHD at 100 d, grades Il
to IV{ 58 28 (17-39)
Chronic GVHD§ 49
ly 19 (9-28)
3y 26 (15-39)
Survival 61
ly 67 (54-77)
3y 64 (50-74)

GVHD indicates graft-versus-host disease; VOD, veno-occlusive
disease; ANC, absolute neutrophil count.

Data are probability (95% confidence interval) % unless otherwise
marked.

*The 100-day mortality was calculated with the x? test. Probabilities
of acute GVHD, chronic GVHD, and engraftment were calcu-
lated by using the cumulative incidence estimate. Survival was
calculated by using the Kaplan-Meier product-limit estimate.

tAmong patients who achieved neutrophil recovery.

tPatients are at risk for this event at 21 days after transplantation
with evidence of engraftment (2 patients were excluded).

§Patients are at risk for this event at 90 days after transplantation
(12 patients were excluded).

overall survival at 1 and 3 years after transplantation
were 67% (95% CI, 54%-77%) and 63% (95% CI,
50%-74%), respectively (Table 3). A Karnofsky score
=90 was associated with improved 100-day (93 % ver-
sus 63%; P < .01) and 3-year (75% versus 42%; P =
.01) survival (Table 4 and Figure 1). Transplantation
from an HLA-identical sibling donor (versus alterna-
tive donors) was also associated with improved overall
survival at 1 and 3 years (78% versus 45% [P = .01] and
76% versus 39% [P = .01], respectively; Figure 2). The
1- and 3-year probability of overall survival of patients
with a good performance status who received allografts
from HLA-identical sibling donors (n = 29) was 83%
95% CI, 67%-94%). The numbers of patients with
other pairings of donor types and performance status
were too few to make statistical comparisons.

Age at transplantation, patient and donor sex, sex
mismatch, patient-donor cytomegalovirus status, do-
nor-recipient ABO compatibility, number of red
blood cell transfusions received before transplanta-
tion, time from diagnosis to transplantation, use of a
total body irradiation—based conditioning regimen,
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nucleated cell dose of the graft, year of transplanta-
tion, and use of growth factors after transplantation
were not associated with survival. Additional analysis
using lower and higher transfusion number cutoffs
(<10 versus =10 and <50 versus =50 units of blood)
also failed to demonstrate a significant survival differ-
ence (data not shown).

Of the 38 surviving patients with a median follow
up of 11 years (range, 1-14 years), 37 have a normal
white blood cell count of =4.0 X 10%/L. Of these 38
patients, 25 are known to be red blood cell transfusion
independent, and transfusion data are not available on
the remaining 13 patients.

Causes of death. Twenty-three (38%) of 61 patients
died after transplantation. Of these, 11 died within the
first 100 days after transplantation; the probability of
mortality at 100 days after transplantation was 18%
(95% CI, 10%-29%). Causes of death are shown in
Table 5.

DISCUSSION

This study describes long-term outcomes of pa-
tients with DBA after allogeneic BMT. The relatively
large patient number, unselected nature of the group,
and multicenter and multinational origin of study sub-
jects strengthen the conclusions of the study. The
76% (95% CI, 59%-86%) 3- year survival of HLA-
identical sibling donor transplant recipients in our
study is similar to the 66% to 87% reported in the
literature [8,20,21]. In general, more favorable out-
comes were seen in patients with a better performance
status at the time of transplantation and in recipients
of matched sibling donor transplants.

We found a 9% incidence of nonengraftment.
This is similar to that seen in similar nonmalignant
hematologic disorders such as thalassemia, aplastic
anemia, and sickle cell disease, in which an approxi-
mately 10% risk of graft failure has been reported
[28,29]. The number of transfusions before transplan-
tation was significantly correlated with the speed of
neutrophil and platelet recovery. Patients who re-
ceived <50 transfusions before transplantation were
more likely to have neutrophil recovery by day 28 and
platelet recovery by day 60 than patients who received
=50 transfusions. However, this did not affect survival
(data not shown).

In patients with thalassemia, improved outcomes
have been shown when transplantation is performed at
a younger age, before multiple transfusions lead to
iron overload. The number of patients in our study was
too small to evaluate this possibility. Even though we did
not find a correlation between more transfusions and
survival, iatrogenic iron overload might have contributed
to performance status deterioration. Moreover, we do
not have data on serum ferritin. A large sample that
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Table 4. Significant Variables Associated with Survival among Patients Who Underwent Allogeneic Bone Marrow or Peripheral Blood

Transplantation for Diamond-Blackfan Anemin

End Point No. Evaluated Probability (95% CIl)* P Valuet
100-d survival
Karnofsky/Lansky score <.001
=90 41 93 (79-98)
<90 19 63 (38-80)
Type of donor .120
HLA-identical sibling 4] 88 (73-95)
Other 20 70 (45-85)
Overall survival at | y
Karnofsky/Lansky score .020
=90 41 78 (62-88)
<90 19 47 (24-67)
Type of donor 010
HLA-identical sibling 41 78 (62-88)
Other 20 45 (23-65)
Overall survival at 3 y
Karnofsky/Lansky score 011
<90 19 42 (20-62)
=90 41 75 (59-86)
Type of donor .005
HLA-identical sibling 41 76 (59-86)
Other 20 39 (19-60)

CI indicates confidence interval.

*Survival was calculated by using the Kaplan-Meier product-limit estimate.

tPointwise P value.

includes a cohort of untransfused patients before trans-
plantation is required to specifically evaluate the effect of
transfusions on survival and engraftment in these pa-
dents. However, such a study is unlikely to occur because
transplantation is often withheld until patdents are refrac-
tory to other therapies, and by that time they are usually
transfusion dependent. All patients in our series had
received prior red blood cell transfusions.

Recipients of alternative donor transplants had
worse survival compared with HLA-identical sibling
donor transplant recipients (76% versus 39%; P =
.005). Other studies have also reported similar results
after alternative donor transplantations (87% versus
14%) [21]. In our series, alternative donor transplant
recipients were more likely to be older, to have re-
ceived a total body irradiation—containing condition-
ing regimen, and to have had a longer time from

100

> Y =
50 KPS 2 90% (n = 41)

60

40
KPS < 90% (n = 19)

PROBABILITY, %

20

YEARS

Figure 1. Probability of overall survival after bone marrow trans-
plantation for Diamond-Blackfan anemia, by Karnofsky perfor-
mance score (KPS) before transplantation.
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diagnosis to transplantation. These factors may have
contributed to the worse outcome of these patients.
Potential related donors may require additional
evaluation because some cases initially thought to
be sporadic were later deemed familial DBA [30].
An increased erythrocyte amine deaminase, fetal
hemoglobin level, or macrocytosis may be the only
phenotypic abnormality in the siblings [31]. Even
more disconcerting is that obligate heterozygotes
may exhibit a completely silent phenotype [32]. The
consequence of using such a sibling as a donor is
unknown. A single report described a DBA patient
who did not engraft after receiving a graft from his
sister, who had high serum levels of erythrocyte
amine deaminase [33]. Although the rate of nonen-
graftment in our series is not high and is similar to
that with other nonmalignant hematologic disor-
ders, we cannot be certain whether any instances

100

HLA-identical sibling (n = 41)

=
S

=3
S

A
S

Others (n=18)

PROBABILITY, %

N
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Figure 2. Probability of overall survival after bone marrow trans-
plantation for Diamond-Blackfan anemia, by type of donor.
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Table 5. Causes of Death among Patients Who Underwent Allogeneic
Transplantation for Diamond-Blackfan Anemia (n = 23)

Cause of Death n (%)
Graft failure 6 (27)
GVHD 1 (4)
Interstitial pneumonia 3 (13)
Infection 7 31)
Organ failure 2(9)
Hemorrhage 1 (4)
Cerebral infarction 1 (4)
Seizures and hypoxia 1 (4)
Other 1 (4)

GVHD indicates graft-versus-host disease.

The causes of death for the first 100 days were graft failure (n = 4),
GVHD (n = 1), interstitial pneumonia (n = 3), organ failure (n
= 1), hemorrhage (n = 1), and seizures and hypoxia (n = 1).

could be attributed to the use of an affected donor.
This suggests that caution should be exercised in
selection of a related donor. Related donors should
be evaluated for erythrocyte amine deaminase, fetal
hemoglobin, macrocytosis, and physical abnormal-
ities consistent with DBA. RPS19 mutation analysis
should be performed in all DBA patients, and, when
positive, their prospective donors should be evalu-
ated to ensure absence of the mutation.

With a median follow-up of >10 years, these pa-
dents had Karnofsky performance scores of 90 or 100.
Even though performance status is at best a rough
measure of quality of life, these scores suggest that
long-term survivors do not experience excess morbid-
ity after transplantation. In addition, engraftment has
been sustained in surviving patients, thus indicating a
good hematologic response to transplantation. None
of these patients was reported to have developed a
malignancy after transplantation.

All patients except 1 in this series received con-
ventional, cyclophosphamide-based conditioning
regimens. Nonmyeloablative or reduced-intensity
conditioning regimens may decrease transplant-re-
lated morbidity and mortality, but this remains to
be proven. Case reports of successful nonmyeloab-
lative transplantations in DBA are encouraging
[34,35], but further studies with larger patient num-
bers are needed to critically evaluate its role. We
conclude that allogeneic BMT can result in long-
term survival for patients with DBA. Early trans-
plantation before patients develop transfusion-re-
lated iron overload or other comorbidities might
improve outcomes. Although HLA-matched sibling
donors are generally preferred over alternative do-
nors, one must remain alert to the possibility of
siblings with a hematologically silent DBA pheno-
type [33]. Unrelated donor transplants should be
considered in selected patients.

606

ACKNOWLEDGMENTS

Supported by Public Health Service grant no.
U24-CA76518 from the National Cancer Institute,
the National Institute of Allergy and Infectious Dis-
eases, and the National Heart, Lung and Blood Insti-
tute; Agency for Healthcare Research and Quality;
and grants from Aetna; AIG Medical Excess; Allianz
Life/Life Trac; American Red Cross; American Soci-
ety of Clinical Oncology; Amgen, Inc.; an anonymous
donation to the Medical College of Wisconsin;
AnorMED, Inc.; Aventis Pharmaceuticals; Baxter
Healthcare Corp.; Baxter Oncology; Berlex Laborato-
ries, Inc.; Biogen IDEC, Inc.; Blue Cross and Blue
Shield Association; The Lynde and Harry Bradley
Foundation; BRT Laboratories, Inc.; Cedarlane Lab-
oratories Ltd.; Celgene Corp.; Cell Pathways; Cell
Therapeutics, Inc.; CelMed Biosciences; Centocor,
Inc.; Cubist Pharmaceuticals; Dynal Biotech ASA; Ed-
wards Lifesciences RMI; Endo Pharmaceuticals, Inc.;
Enzon Pharmaceuticals, Inc.; ESP Pharma; Excess,
Inc.; Fujisawa Healthcare, Inc.; Gambro BCT, Inc.;
Genzyme; GlaxoSmithKline, Inc.; Human Genome
Sciences; ICN Pharmaceuticals, Inc.; ILEX Oncol-
ogy; Kirin Brewery Company; Ligand Pharmaceuti-
cals, Inc.; Eli Lilly and Company; Nada and Herbert
P. Mahler Charities; Merck & Company; Millennium
Pharmaceuticals; Miller Pharmacal Group; Milliman
USA, Inc.; Miltenyi Biotec; The Irving I. Moskowitz
Foundation; National Leukemia Research Associa-
tion; National Marrow Donor Program; NeoRx Cor-
poration; Novartis Pharmaceuticals, Inc.; Novo Nor-
disk Pharmaceuticals; Ortho Biotech, Inc.; Osiris
Therapeutics, Inc.; PacifiCare Health Systems; Pall
Medical; Pfizer U.S. Pharmaceuticals; Pharmametrics;
Pharmion Corp.; Protein Design Labs; QOL Medi-
cal; Roche Laboratories; Schering AG; StemCyte,
Inc.; StemCell Technologies, Inc.; Stemco Biomedi-
cal; StemSoft Software, Inc.; SuperGen, Inc.; Sysmex;
THERAKOS, a Johnson & Johnson Co.; University
of Colorado Cord Blood Bank; Upside Endeavors;
ViaCell, Inc.; ViaCor Biotechnologies; WB Saunders
Mosby Churchill; Wellpoint Health Network; and
Zymogenetics, Inc. The contents of this article are
solely the responsibility of the authors and do not
necessarily represent the official views of the National
Cancer Institute.

APPENDIX |

In addition to the authors, other members of the
International Bone Marrow Transplant Registry
Working Committee on Non-Malignant Marrow
Disorders who participated in the study included the
following: S.E. Ball, MD, St. George’s Hospital Med-
ical School, London, United Kingdom; B.M. Camitta,
MD, Medical College of Wisconsin, Milwaukee, WI;
R.P. Gale, MD, PhD, Center for Advanced Studies in



Leukemia, Los Angeles, CA; T.G. Gross, MD, PhD,
Columbus Children’s Hospital, Columbus, OH; G.A.
Hale, MD, St. Jude Children’s Research Hospital,
Memphis, TN; J.'T. Horan, MD, University of Roch-
ester Medical Center, Rochester, NY; J.M. Lipton,
MD, PhD, Schneider Children’s Hospital, New Hyde
Park, NY; C.M. Niemeyer, MD, Universitats-Kinder-
klinik, Freiberg, Germany; and P.J. Orchard, MD,
University of Minnesota Hospital and Clinics, Min-
neapolis, MN.

REFERENCES

1.

10.

11.

12.

13.

14.

Da Costa L, Willig TN, Fixler J, Mohandas N, Tchernia G.
Diamond-Blackfan anemia. Curr Opin Pediatr. 2001;13:10-15.

. Perdahl EB, Naprstek BL, Wallace WC, Lipton JM. Erythroid

failure in Diamond-Blackfan anemia is characterized by apo-
ptosis. Blood. 1994;83:645-650.

. Draptchinskaia N, Gustavsson P, Andersson B, et al. The gene

encoding ribosomal protein S19 is mutated in Diamond-Black-
fan anaemia. Nat Genet. 1999;21:169-175.

. Gazda HT, Zhong R, Long L, et al. RNA and protein evidence

for haplo-insufficiency in Diamond-Blackfan anaemia patients
with RPS19 mutations. Br 7 Haematol. 2004;127:105-113.

. Willig TN, Draptchinskaia N, Dianzani I, et al. Mutations in

ribosomal protein S19 gene and Diamond Blackfan anemia:
wide variations in phenotypic expression. Blood. 1999;94:4294-
4306.

. Campagnoli MF, Garelli E, Quarello P, et al. Molecular basis

of Diamond-Blackfan anemia: new findings from the Italian
registry and a review of the literature. Haematologica. 2004;89:
480-489.

. Vlachos A, Klein GW, Lipton JM. The Diamond Blackfan

Anemia Registry: tool for investigating the epidemiology and
biology of Diamond-Blackfan anemia. 7 Pediatr Hematol Oncol.
2001;23:377-382.

. Willig TN, Niemeyer CM, Leblanc T, et al. Identification of

new prognosis factors from the clinical and epidemiologic anal-
ysis of a registry of 229 Diamond-Blackfan anemia patients.
DBA group of Societe d’Hematologie et d’Immunologie Pedi-
atrique (SHIP), Gesellshaft fur Padiatrische Onkologie und
Hamatologie (GPOH), and the European Society for Pediatric
Hematology and Immunology (ESPHI). Pediatr Res. 1999;46:
553-561.

. Halperin DS, Freedman MH. Diamond-Blackfan anemia: eti-

ology, pathophysiology, and treatment. Am 7 Pediatr Hematol
Oncol. 1989;1:380-394.

Sumimoto S, Kawai M, Kasajima Y, et al. Intravenous gamma-
globulin therapy in Diamond-Blackfan anemia. Acta Paediatr.
1992;34:179-180.

Seip M, Zanussi GF. Cyclosporine in steroid-resistant Dia-
mond-Blackfan anaemia. Acta Paediatr Scand. 1988;77:464-466.
Gillio AP, Faulkner LB, Alter BP, et al. Successful treatment of
Diamond-Blackfan anemia with interleukin 3. Stemz Cells 1993;
11(suppl 2):123-130.

Olivieri NF, Feig SA, Valentino L, Berriman AM, Shore R,
Freedman MH. Failure of recombinant human interleukin-3
therapy to induce erythropoiesis in patients with refractory
Diamond-Blackfan anemia. Blood. 1994;83:2444-2450.
Abkowitz JL, Schaison G, Boulad F, et al. Response of Dia-

BB&MT

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

BMT for Diamond-Blackfan Anemia

mond-Blackfan anemia to metoclopramide: evidence for a role
for prolactin in erythropoiesis. Blood. 2002;100:2687-2691.
August CS, King E, Githens JH, et al. Establishment of eryth-
ropoiesis following bone marrow transplantation in a patient
with congenital hypoplastic anemia (Diamond-Blackfan syn-
drome). Blood. 1976;48:491-498.

Iriondo A, Garijo J, Baro J, et al. Complete recovery of hemo-
poiesis following bone marrow transplant in a patient with
unresponsive congenital hypoplastic anemia (Blackfan-Dia-
mond syndrome). Blood. 1984;64:348-351.

Lenarsky C, Weinberg K, Guinan E, et al. Bone marrow
transplantation for constitutional pure red cell aplasia. Blood.
1988;71:226-229.

Greinix HT, Storb R, Sanders JE, et al. Long-term survival and
cure after marrow transplantation for congenital hypoplastic
anaemia (Diamond-Blackfan syndrome). Br 7 Haematol. 1993;
84:515-520.

Mugishima H, Gale RP, Rowlings PA, et al. Bone marrow
transplant for Diamond-Blackfan anemia. Borne Marrow Trans-
plant. 1995;15:55-58.

Alter BP. Bone marrow transplant in Diamond-Blackfan ane-
mia. Bone Marrow Transplant. 1998;21:965-966.

Vlachos A, Federman N, Reyes-Haley C, Abramson J, Lipton
JM. Hematopoietic stem cell transplantation for Diamond
Blackfan anemia: a report from the Diamond Blackfan Anemia
Registry. Bone Marrow Transplant. 2001;27:381-386.

Bonno M, Azuma E, Nakano T, et al. Successful hematopoietic
reconstitution by transplantation of umbilical cord blood cells
in a transfusion-dependent child with Diamond-Blackfan ane-
mia. Bone Marrow Transplant. 1997;19:83-85.

Glucksberg H, Storb R, Fefer A, et al. Clinical manifestations
of graft-versus-host disease in human recipients of marrow
from HLA-matched sibling donors. Transplantation. 1974;18:
295-304.

Atkinson K, Horowitz MM, Gale RP, Lee MB, Rimm AA,
Bortin MM. Consensus among bone marrow transplanters for
diagnosis, grading and treatment of chronic graft-versus-host
disease. Committee of the International Bone Marrow Trans-
plant Registry. Bone Marrow Transplant. 1989;4:247-254.
Gooley TA, Leisenring W, Crowley ], Storer BE. Estimation
of failure probabilities in the presence of competing risks:
new representations of old estimators. Star Med. 1999;18:
695-706.

Kaplan EL, Meier P. Nonparametric estimation from incom-
plete observations. 7 Am Stat Assoc. 1958;53:457-481.

Klein JP, Moeschberger ML. Survival Analysis: Techniques for
Censored and Truncated Data. New York: Springer; 1997.
Walters MC. Bone marrow transplantation for sickle cell dis-
ease: where do we go from here? 7 Pediatr Hematol Oncol.
1999;21:467-474.

Lucarelli G, Galimberti M, Polchi P, et al. Bone marrow
transplantation in patients with thalassemia. N Engl 7 Med.
1990;322:417-421.

Willig TN, Pérignon JL, Gustavsson P, et al. High adeno-
sine deaminase level among healthy probands of Diamond
Blackfan anemia (DBA) cosegregates with the DBA gene
region on chromosome 19q13. The DBA Working Group of
Societe d’Immunologie Pediatrique (SHIP). Blood. 1998;92:
4422-4427.

Orfali KA, Ohene-Abuakwa Y, Ball SE. Diamond Blackfan
anaemia in the UK: clinical and genetic heterogeneity. Br 7
Huaematol. 2004;25:243-252.

607



V. Roy et al.

32.

33.

608

Gripp KW, McDonald-McGinn DM, La Rossa D, et al. Bilat-
eral microtia and cleft palate in cousins with Diamond-Blackfan
anemia. Am F Med Genet. 2001;101:268-274.

Orfali KA, Wynn RF, Stevens RF, Chopra R, Ball SE. Failure
of red cell production following allogeneic BMT for Dia-
mond Blackfan Anaemia (DBA) illustrates functional signif-
icance of high erythrocyte adenosine deaminase (eADA) ac-
tivity in the donor [abstract]. Blood. 1999;94:414a.

34. Ostronoff M, Florencio R, Campos G, et al. Successful non-

35.

myeloablative bone marrow transplantation in corticosteroid-
resistant infant with Diamond-Blackfan anemia. Bone Marrow
Transplant. 2004;34:371-372.

Gomez-Almaguer D, Ruiz-Arguelles GJ, Tarin-Arzaga LC, et
al. Reduced-intensity stem cell transplantation in children and
adolescents: the Mexican experience. Biol Blood Marrow Trans-
plant. 2003;9:157-161.



	Bone Marrow Transplantation for Diamond-Blackfan Anemia
	INTRODUCTION
	PATIENTS AND METHODS
	Data Sources
	Patients
	End Points
	Statistical Analysis

	RESULTS
	Patient Characteristics
	Outcomes
	Hematopoietic recovery
	Graft-versus-host disease
	Survival and disease response
	Causes of death


	DISCUSSION
	ACKNOWLEDGMENTS
	APPENDIX 1
	REFERENCES


