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KEY PO INT S

l A risk stratification
model based on
patient age and donor
type predicts event-
free survival after
transplant for sickle
cell disease.

l Variable effectiveness
of nontransplant
disease-modifying
treatments in
subpopulations justify
alternative donor
transplants.

We developed a risk score to predict event-free survival (EFS) after allogeneic hemato-
poietic cell transplantation for sickle cell disease. The study population (n 5 1425) was
randomly split into training (n 5 1070) and validation (n 5 355) cohorts. Risk factors were
identified and validated via Cox regression models. Two risk factors of 9 evaluated were
predictive for EFS: age at transplantation and donor type. On the basis of the training
cohort, patients age 12 years or younger with an HLA-matched sibling donor were at the
lowest risk with a 3-year EFS of 92% (score, 0). Patients age 13 years or older with an HLA-
matched sibling donor or age 12 years or younger with an HLA-matched unrelated donor
were at intermediate risk (3-year EFS, 87%; score, 1). All other groups, including patients of
any age with a haploidentical relative or HLA-mismatched unrelated donor and patients
age 13 years or older with an HLA-matched unrelated donor were high risk (3-year EFS,
57%; score, 2 or 3). These findings were confirmed in the validation cohort. This simple risk
score may guide patients with sickle cell disease and hematologists who are considering
allogeneic transplantation as a curative treatment relative to other available contemporary
treatments. (Blood. 2020;136(5):623-626)

Introduction
With access tomodern health care, survival of children with sickle
cell disease (SCD; HbSS and HbSb0) at age 18 years is 93.9%
(95% confidence interval [CI], 90.3%-96.2%) and for those with
HbSC and HbSb1, survival was 98.4% (95% CI, 94.4%-99.5%).1 If
a patient survives to age 18 years, the median length of survival
for HbSS/HbSb0/HbSD is 48 years (95% CI, 44.4-58.4 years) and
for HbSC/HbSb1, it is 54.7 years (95%CI, 38.6-62.9 years).2 In the
study by DeBaun et al,2 older age had a negative impact on survival,
and baseline hemoglobin (Hb) levels were inversely related to the
risk of death. Causes of death in adults were predominantly pul-
monary hypertension, renal failure, infection, thromboembolic
events, and complications of iron overload.3 Hematopoietic cell
transplantation is a potentially curative therapy for SCD, because it
replaces diseased bone marrow with healthy bone marrow. How-
ever, it is limited by donor availability and transplant complications,
including graft failure andmortality. In a recent report of 996 patients
with SCD who received transplantation, event-free survival (EFS; the

probability of being alive with donor engraftment) was highest in
children age 12 years or younger and those with an HLA-matched
sibling donor.4 For patients without an HLA-matched sibling donor,
risks of mortality were greater; the data do not favor one alternative
donor over another.4 Given the findings of the study by Eapen et al4

together with increasing numbers of transplantations for SCD, we
aimed to provide a robust, simple tool to be used for predicting EFS
for allogeneic transplant and for stratifying patients who enter
prospective clinical trials of allogeneic transplant.

Study design
In all, 1425 patients with SCDwho received a transplant between
2008 and 2017 were randomly split into training (n 5 1070) and
validation (n5 355) cohorts (supplemental Table 1, available on
the Blood Web site). Of those, data for 996 patients included in
this analysis were reported earlier.4 The training data set was used
to develop a prognostic scoring system for EFS, and the validation
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data set was used to evaluate the predictive ability of the scoring
system.5 EFS was defined as the time from transplantation to graft
failure or death assessed throughout the entire follow-up period.4

Covariates predictive of EFS were identified on the basis of the
previous publication.4 The scoring system relied on patient-related
biologic characteristics assessed as treatment strategies evolved.
Risk scores were assigned on the basis of associated hazard ratios
and were grouped on the basis of the estimated EFS probabilities
into good, intermediate, and high. Harrell’s C statistic was used to
assess the predictive ability of the score.6 The level of significance
was P value# .05 (two-sided). Analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC).

Results and discussion
Characteristics were similar between the training and validation
cohorts, which had a median follow-up of 3 years (range, 0.75-
10.4 years), and median age at transplantation was 11 years
(range, 1-48 years). Most patients (973 [68%] of 1425) received
grafts from an HLA-matched sibling. The remaining patients re-
ceived grafts from a haploidentical relative (n 5 186; 13%) or an
HLA-matched (n5 140; 10%) or mismatched unrelated (n 5 126;
9%) donor. Transplant conditioning regimen intensity was defined
on the basis of previously published criteria.7 Applying these
criteria, most patients (972 [68%] of 1425) received myeloablative
regimens. Others received reduced-intensity (272; 19%) or non-
myeloablative (181; 13%) regimens.

Age at transplantation and type of donor were significantly asso-
ciated with EFS. A risk score was assigned for patients on the basis

of their age and donor type. Patients age 12 years or younger
received 0 points, and those age 13 years or older received 1 point.
Patients with an HLA-matched sibling donor received 0 points,
those with an HLA-matched unrelated donor received 1 point, and
those with a haploidentical relative or HLA-mismatched unrelated
donor received 2points. The final risk scorewas calculated by adding
the score associated with age (0, 1) and type of donor (0, 1, 2) as
shown in Table 1. A relative risk for graft failure or death (1-EFS) was
based on the final risk score, which was classified as good, inter-
mediate, or high (Table 2). The EFS by risk group for the training and
validation cohorts is shown in Figure 1A-B.With 3-year EFS.90% for
the good-risk group, this outcome favors transplantation when
clinically indicated. Although EFS was lower in the intermediate-risk
group, transplantation may be curative. However, graft-versus-host
disease in children remains a concern (supplemental Table 2).

An important finding is a 3-year EFS of ;60% in the high-risk
group, which included children age 12 years or younger with a
haploidentical relative or HLA-mismatched unrelated donor.
With improved access to high-quality health care, the incidence
of stroke, vaso-occlusive crisis, and acute chest syndrome has
decreased substantially in children with excellent survival
through age 18 years.1,8-11 Because responses vary to therapies
other than transplantation in patients who require regular blood
transfusion for secondary prevention of central nervous system
infarction in children at increased risk of stroke,12-14 HLA-
mismatched donor transplantation may be preferred. Multiple
vaso-occlusive crises or acute chest syndrome in children have
not been shown to predict mortality or progressive end-organ
damage through childhood and adolescence,8 and high-quality

Table 1. Risk score based on age at transplantation and type of donor (training cohort)

Age, y Age score Type of donor Donor score Total score

3-year probability/incidence % (95% CI)

EFS
Death without
graft failure Graft failure

#12 0 HLA matched sibling 0 0 92 (89-94) 2 (0-4) 6 (4-9)
0 HLA mismatched relative 2 2 62 (43-76) 8 (2-19) 30 (15-47)
0 Matched unrelated donor 1 1 83 (69-91) 8 (2-18) 8 (2-18)
0 Mismatched unrelated donor 2 2 68 (55-79) 5 (1-13) 27 (16-38)

$13 1 HLA matched sibling 0 1 87 (81-92) 7 (4-11) 5 (2-10)
1 HLA mismatched relative 2 3 52 (38-65) 10 (4-18) 38 (24-51)
1 Matched unrelated donor 1 2 50 (34-64) 29 (17-43) 21 (10-33)
1 Mismatched unrelated donor 2 3 49 (31-66) 23 (9-40) 28 (13-44)

Table 2. Risks for EFS

Risk group

Training cohort (Harrell’s C statistic, 0.7134) Validation cohort (Harrell’s C statistic, 0.7236)

No. of events/
No. of patients

Hazard ratio
(95% CI) P

No. of events/
No. of patients

Hazard ratio
(95% CI) P

Good (score, 0) 33/490 1.00 ,.0001 8/159 1.00 ,.0001

Intermediate (score, 1) 31/293 1.64 (1.01-2.67) .0482 12/98 2.52 (1.03-6.16) .0431

High (score, 2-3) 104/287 6.73 (4.54-9.96) ,.0001 33/98 7.71 (3.56-16.71) ,.0001
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disease-modifying care may be preferred over HLA-mismatched
donor transplantation in this population. Graft failure was the
predominant cause of treatment failure in children in the high-
risk group. Because it has been observed that graft failure is
often a late event occurring beyond the second year after
transplantation, there is a need for follow up beyond 2 years.

Adolescents and young adults without anHLA-matched sibling also
fall into the high-risk group. However, as patients with SCDage,many
develop clinical and preclinical manifestations of end-organ damage,
which further contributes tomorbidity andmortality despite continued
use of hydroxyurea.3 In the study by Maitra et al,3 factors associated
with higher mortality included increased reticulocyte count, elevated
tricuspid valve jet regurgitant velocity, pro-B-type natriuretic peptide,
and a low fetal Hb level. Thus, transplantation may be acceptable for
those adolescents and young adults seeking a cure, despite the
higher risk of graft failure and death. Treatment options continue to
evolve, influencing the discussion on risks and benefits of transplant
and nontransplant treatment options. Future studies should evaluate
the effect of pretransplant clinical and preclinical manifestations of
end-organ damage, including cardiopulmonary, hepatic, and renal
effects and morbidity (annual hospitalizations for pain, acute chest
syndrome, stroke) on transplant outcomes because these data were
not available in our population.3, 15,16 Studies are also needed to
determine the incidence of additional end-organ damage from the
transplant itself in patients who receive a transplant compared with
similar patients who did not proceed to transplant.

The proposed risk score model does not incorporate treatment
regimens because they are expected to evolve and can be tailored
to each patient. However, because we previously showed that
conditioning intensity has an impact on EFS, we examined EFS in
each risk group (supplemental Table 3).4 Unlike patients in the
good- and intermediate-risk groups who fared well with trans-
plantation, patients in the high-risk group had a low 3-year EFS
regardless of regimen intensity or transplant period, suggesting the
relative importance of donor-recipient HLAmismatching. Studies of
regimens aimed at overcoming graft failure associated with HLA-

mismatched transplantation are ongoing.17-19 Most regimens in our
analysis included busulfan at myeloablative doses, but pharma-
cokinetic data were not available.

In summary, a robust and simple prognostic tool was developed
to assess the relative risks of allogeneic hematopoietic cell trans-
plantation for sickle cell disease on the basis of age anddonor type,
which could objectively aid in decision-making on the use
of allogeneic transplantation compared with disease-modifying
standard-of-care treatments. Transplantation-associated risks may
be acceptable for subpopulations of children, adolescents, and
young adults without an HLA-matched sibling, if the risks of graft
failure and death are recognized and considered.
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Figure 1. EFS. (A) Training cohort. The 3-year EFS was
92% (95% CI, 89%-94%) for good-risk, 87% (95% CI, 82%-
91%) for intermediate-risk, and 57% (95% CI, 50%-64%) for
high-risk patients. (B) Validation cohort. The 3-year EFS
was 95% (95% CI, 89%-98%) for good-risk, 86% (95% CI,
77%-92%) for intermediate-risk, and 63% (95% CI, 51%-
72%) for high-risk patients.
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