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Key Points

• With DSMB oversight,
we introduce a novel
stepwise eligibility
strategy for pediatric
SCD curative trials
based on 4 stages.

• A committee assessed
eligibility based on pain
incidence rate,
undertreated asthma,
chronic stress, and
adherence to maximum
medical therapy.
The Blood and Marrow Transplant Clinical Trials Network (BMT CTN) 1507 leadership and the

data safety monitoring board (DSMB) established incremental entry criteria for children aged 5

to 14.99 years with sickle cell disease (SCD) enrolling in a phase 2 trial of HLA-haploidentical

hematopoietic stem cell transplantation. First, the enrollment was limited to overt stroke in the

first 10 participants (stage 4). Subsequently, the DSMB reviewed the interim results and

expanded the eligibility to include children with silent cerebral infarcts or abnormal

transcranial Doppler velocities with magnetic resonance angiography–defined cerebral

vasculopathy (stage 3). A third cohort was enrolled after the DSMB reviewed the clinical

outcomes in these cumulative initial enrollments (n = 18) and additions were made to the entry

criteria that included nonneurologic morbidities (stage 2). Added eligibility criteria included the

following: (1) life-threatening acute chest syndrome requiring exchange transfusion; (2) right

heart catheterization confirmed pulmonary hypertension; (3) persistent systemic hypertension

despite maximum medical therapy; (4) acute pain despite maximum medical therapy in the

absence of psychosocial factors and unmanaged asthma after adjudication; and (5) 2 major

priapism episodes in 12 months or 3 in 24 months. Children with SCD who did not meet the

criteria for stages 4, 3, and 2were not eligible. To our knowledge, for the first time, we introduce

a staged strategy for eligibility in a curative therapy trial for children with SCD concordant with

45 Code of Federal Regulations § 46.405(b). The research governance–mandated eligibility

strategy used within the BMT CTN 1507 phase 2 study may apply to future pediatric SCD

curative therapy trials. This trial was registered at www.ClinicalTrials.gov as #NCT032635590.
Introduction

Recent advancements in therapies for sickle cell disease (SCD) have been met with great enthusiasm
from the parents of children with SCD; however, the rationale for determining who would optimally
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benefit from these novel therapies is unclear. The eligibility criteria
for potentially curative therapy for children with SCD have varied
between clinical trials, with marked differences in entry criteria
between children and adults across industry-sponsored and
investigator-initiated trials.

For children with SCD, evidence supports the inclusion of overt
stroke as an indication for investigative therapy with curative intent
because of the palliative nature of regular blood transfusion therapy
for secondary stroke prevention.1-9 More recently, investigators
have included children with abnormal transcranial Doppler (TCD)
measurements and silent cerebral infarct (SCI) because of the risk
of overt stroke or cerebral infarct recurrence (overt and SCI)
despite receiving life-long monthly blood transfusion therapy.10-14

Still, others advocate considering allogeneic hematopoietic stem
cell transplant (HCT) for children with little or no evidence of SCD
severity based on the possibility of cure before becoming an adult,
in part because no substantial change in the last 2 decades has
been seen in the median survival of ~48 years for individuals with
SCD,15,16 and these therapies have the potential to halt progres-
sive organ injury and disease symptoms.17 Parents of children with
SCD and medical providers are currently facing inconsistent
eligibility criteria for investigative curative clinical trials, and experts
in hematology and hematopoietic stem cell transplantation may
have contrasting views on eligibility.18,19

We describe a novel strategy of incremental entry criteria for
children with SCD used within the Blood and Marrow Transplant
Clinical Trials Network (BMT CTN) 1507 study, a phase 2 curative
trial for the treatment of SCD. This strategy accounts for the Code
of Federal Regulations (CFR) in the United States, protecting
children as a vulnerable population. The strategy reflects a
consensus among the trial’s data safety and monitoring board
(DSMB) and hematology and stem cell transplant physicians.

Methods

To maximize the benefits and minimize toxicity for children aged 5
to 14.99 years participating in a phase 2 trial, an independent
National Heart, Lung, and Blood Institute–appointed protocol
review committee and DSMB for the BMT CTN elected to limit the
initial enrollments to children with overt stroke. After conferring with
participating site investigators and with the approval of the DSMB,
eligibility was broadened.

The primary protocol (v1.0) was released on 25 April 2017 and
included a pediatric stratum with SCD (hemoglobin [Hb] SS or Sβ◦
thalassemia) aged 5 to 14.99 years with a singular eligibility crite-
rion of overt stroke history based on conventional clinical and
imaging definitions (defined as stage 4). Protocol v2.0, released on
28 January 2018, included amendments to define further docu-
mentation requirements for stroke, including overt stroke and
transient ischemic attack. The original protocol did not have a
staged eligibility strategy. The stopping rule was not based on the
incremental enrollment criteria later applied in the pediatric stratum
but on event-free survival (EFS). The decision to have the first 12
participants with a stroke enter the trial was based on a clinical
impression of what is a reasonable number to make a decision to
move forward or to stop the trial. The study was designed as a
phase 2 trial to determine the feasibility of achieving a high rate of
EFS at 2 years after transplant. EFS was defined as survival without
6056 JOHN et al
1 of the following qualifying events: primary or secondary graft
failure by day +42, second hematopoietic cell infusion, or death.
The BMT CTN set the sample size at 40 participants. Statistical
leadership evaluated a range of probabilities and estimated an EFS
probability of 80% with a 95% confidence interval of 67.6 to 92.4.

Key safety end points for the study factored in known outcomes for
matched sibling HCT for SCD. A protocol modification of the
conditioning regimen was planned if 100-day graft failure rates
exceeded 15% in the first 12 evaluable participants in a stratum.
Monitoring guidelines were established to track graft failure within
100 days, grade 3 to 4 acute graft-versus-host disease (GVHD)
within 100 days, overall mortality within 180 days after the start of
hydroxyurea treatment (day –70), and severe chronic GVHD within
18 months after HCT. Monitoring was conducted monthly. The set
thresholds were to trigger consultation with the DSMB to deter-
mine the continuation of participant accrual for the pediatric stra-
tum. The feasibility and safety end points were cumulative in the
pediatric stratum and did not change from the original study design
due to the small numbers in each subgroup in the pediatric stratum.
Only 1 statistical threshold, set at the onset of the trial, mandated a
change in the conditioning regimen from thiotepa and 200 cGY to
400 cGY alone as part of the conditioning regimen.

Initially, the DSMB decided to limit enrollment to approximately the
first 12 children with strokes and evaluate their outcomes before
enrolling any additional children in the pediatric stratum. The
DSMB’s decision to expand enrollment to include additional eligi-
blity criteria was base on their judgment. Enrolling additional child
participants was not based on any statistical threshold to stop the
trial but on the DSMB’s expert opinion and impression that the
interim results in the pediatric stratum were acceptable and that
the subsequent cohort of children with expanded eligibility criteria
should be enrolled.

Two subsequent protocol iterations included amendments that
expanded pediatric eligibility criteria. Protocol v3.0, released on 13
December 2018, expanded eligibility to include SCI or abnormal
TCD velocities with magnetic resonance angiography–defined vas-
culopathy, requiring life-long blood transfusion therapy (defined as
stage 3). Protocol v4.0 was approved on 3 December 2019, after the
protocol committee members elected to better define the minimum
eligibility criteria interval between HCT and acute stroke, transient
ischemic attack, and central nervous system revascular procedures
of 180 days. Finally, on 19 May 2021, protocol v5.0 included an
amendment to expand eligibility criteria beyond neurologic indications
based on evidence of progressive organ disease despite the receipt
of maximum medical disease-modifying therapies defined as severe
acute chest syndrome (ACS), pulmonary hypertension, essential
hypertension, severe recurrent acute vaso-occlusive pain events per
4-member adjudication review, and priapism (defined as stage 2).
Potential participants with few or no symptoms were excluded from
the trial (stage 1). Table 1 displays the protocol changes.

Eligibility expansion strategy

As part of the incremental eligibility process, the study chairs and
the DSMB used evidence-based rationale to define, in children,
progressive features outside neurologic indications, including (1)
severe ACS resulting in intensive care admission for nonmechan-
ical or invasive ventilatory support20-22; (2) pulmonary hypertension
based on right heart catheterization23-26; (3) essential
10 DECEMBER 2024 • VOLUME 8, NUMBER 23



hypertension27-29; (4) recurrent acute vaso-occlusive pain events
despite maximum medical therapy, evidence of medication adher-
ence, and the absence of plausible chronic psychosocial stressors
and undertreated or previously undiagnosed asthma30-34; and (5)
refractory priapism.35-37 Table 1 includes detailed definitions for
each eligibility criterion in all stages, and Table 2 highlights the
rationale for each stage and indication.

Adjudication procedure

Acute vaso-occlusive pain episodes are common but are a sub-
jective complication of SCD. An adjudication procedure was
adopted to establish objectivity via an independent assessment of
whether the participant received maximized medical therapy and
continued to have ongoing acute vaso-occlusive pain episodes. For
participants referred for acute pain as the indication for enrollment,
a clinical survey was completed by site investigators for adjudica-
tion by the committee. The adjudication survey is shown in Table 3.
Detailed definitions of comorbidities and maximum or optimal
medical therapy were deliberately not included in the survey to
account for variability and allow for collegial exchange because no
finite definition exists. The local definition of maximum tolerated
hydroxyurea therapy was based on the local hematologist. The fixed
4-member adjudication committee, including the protocol cochairs,
consisted of a pediatric hematologist with expertise in pain man-
agement of SCD, a second pediatric hematologist with SCD HCT
expertise, and 2 adult hematologists with SCD HCT expertise. The
expected interval between receiving the information for pain
Table 1. Staged pediatric eligibility criteria of the phase 2 trial

Protocol version

release date Indication

V1.0 25 April 2017 Stroke A neurological event result
requiring imaging studies

or a focal neurological even
an acute infarct, with no
scans of the brain)

or both.

V2.0 12 January 2018 Updated the definition of s

V3.0 13 December 2018 Nonstroke neurologic changes
requiring chronic transfusion therapy

Expanded pediatric stroke e
A. aTCD measurement

internal carotid or pro
sec plus evidence of

B. SCI defined as an infa
2 planes on FLAIR o
neurological examina
examination or an ab

V4.0 3 December 2019 Clarification to stroke eligib
180 d before enrollment

V5.0 19 May 2021 Nonneurologic changes Expanded pediatric eligibili
A. 1 ACS episode resu

cannula, face mask t
mask O2 (eg, venti m
support (delivered by

B. Right heart catheter
resistance 206 (57-4

C. Essential hypertensio
D. Acute severe VOP e

pain to be adjudicate
E. Recurrent priapism (e

recalcitrant to medic
adjudication committ

BMT CTN 1507 phase 2 HLA-haploidentical hematopoietic cell trial (NCT03263559) protocol
AAP, American Academy of Pediatrics; aTCD, abnormal TCD; BiPAP, bilevel positive airway pre

FLAIR, fluid-attenuated inversion recovery; HFNC, high-flow nasal cannula; MRI, magnetic resona
pain.
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adjudication and decision-making was 5 business days. However,
protocol chairs were permitted to request additional information
from the enrolling team about documentation of the episodes and
evidence that maximal medical therapy had been attempted. Dis-
crepancies among the 4 adjudication members were resolved via
video conference, requests for additional data from the primary site
via email, or both. A dialogue continued until the majority decided
among the 4 as to the eligibility.

The trial was approved by the institutional review board at each
participating institution.

Results

The trial opened for enrollment in February 2018, and during the
subsequent 39 months, 25 participants who met the combined
criteria for neurological morbidity (stages 4 and 3) were enrolled. In
September 2021, over 13 months, 16 participants were enrolled,
12 within stage 2 (with nonneurologic indications), for a total of 41
participants for the pediatric stratum. Overall enrollment included
17 (42%) with overt stroke, 12 (29%) with nonstroke neurologic
indications, and 12 (29%) with nonneurologic indications, including
3 with severe ACS, 5 with severe vaso-occlusive pain per adjudi-
cation, and 4 meeting both ACS and pain criteria. A total of 6
participants met multiple eligibility criteria and were counted once
at the first stage met within our system: stroke and abnormal TCD
velocities (n = 3); stroke and SCI (n = 1); stroke, SCI, and
abnormal TCD velocity (n = 1); and abnormal TCD velocities,
Definitions of SCD-specific eligibility indications

ing in focal neurologic deficits that lasted ≥24 h (classical clinical definition of stroke, not
of the brain)
t resulting in abnormalities on T2-weighted or FLAIR images using an MRI scan, indicative of
other reasonable medical explanation (definition of a stroke supported with MRI imaging

troke to provide additional detail regarding the requirements for documenting a stroke.

ligibility criteria to include patients with abnormal TCD or SCI requiring chronic transfusions.
with a timed average maximum mean velocity of >200 cm/sec in the terminal portion of the
ximal portion of the middle cerebral artery1 or if the imaging TCD method is used >185 cm/
intracranial vasculopathy.
rct-like lesion based on an MRI signal abnormality at least 3 mm in 1 dimension and visible in
r T2- weighted images (or similar image with 3-dimentional imaging) and documented
tion performed by a neurologist demonstrating the participant has a normal neurologic
normality on examination that could not be explained by the location of the brain lesion(s).

ility criteria to exclude patients with overt stroke, transient ischemic attack, or EDAS within
.

ty criteria beyond neurological indications
lting in intensive care admission requiring nonmechanical ventilatory support: simple nasal
hat requires oxygen content (venti mask and nonrebreather), simple nasal cannula, face
ask and rebreather), CPAP, SiPAP, BiPAP, HFNC, or invasive mechanical ventilatory
an endotracheal tube or tracheostomy).
ization confirmed pulmonary artery pressure >25 mmHg or mean pulmonary vascular
21) dyn⋅s⋅cm–5.
n on antihypertensive medications >95% upper limit of normal age (as defined by the AAP).
pisodes requiring hospitalization and recalcitrant to maximum medical therapy. Episodes of
d by selected committee.
pisodes lasting at least 4 h and at least twice in the last 12 mo or 3 times in the last 24 mo)
al treatment or unable to use hydroxyurea due to SCD phenotype with the approval of the
ee.

versions describing the staged additions to eligibility.
ssure; CPAP, continuous positive airway pressure; EDAS, encephaloduroarteriosynangiosis;
nce imaging; SiPAP, synchronized inspiratory positive airway pressure; VOP, vaso-occlusive
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Table 2. Rationale for the stepwise strategy for eligibility for a pediatric SCD curative trial

Pediatric SCD staging system for curative therapies

Stage Symptoms Rationale

4 Neurologic event with imminent risk for progression
• Overt stroke

• Near-term significant risk of a second stroke even with regular blood transfusion
therapy is 1.9 (95% CI, 1.0-2.9) recurrence strokes per year.1

3 Nonstroke neurologic event requiring chronic blood transfusion therapy and imminent
risk for progression

• SCI
• aTCD velocity with MRA-defined vasculopathy

• Ongoing risk of infarct recurrence stroke or recurrent cerebral infarcts despite
chronic transfusion therapy is 2.0 events per 100 person-y.11

• Children with aTCD velocities and regular transfusions still have a higher risk of
stroke than children without SCD.13

2 Nonneurologic event with rationale indicating imminent risk of progressive vital organ
disease or impaired QoL

• Life-threatening ACS requiring respiratory support in an intensive care unit
• Right heart catheter confirmed pHTN
• Essential HTN despite medical therapy
• Recurrent vaso-occlusive pain while adherent to maximum medical therapy and

without unmanaged asthma, adjudication review
• Recurrent major priapism (lasting at least 4 h), at least twice in 12 mo or 3 times in

24 mo, adjudication review
• Chronic psychosocial stress

• Although risk factors for recurrent life-threatening ACS have not been established, a
single event of severe ACS has been deemed life-threatening.20-22

• Right heart catheter–confirmed pHTN in adults with SCD is associated with a
markedly increased risk for mortality.23-26

• Blood pressure in SCD is associated with pHTN, SCI, and renal disease. Higher
baseline SBP in children is associated with neurologic injury.27-29

• Frequent acute vaso-occlusive pain events despite maximized therapy are associated
with decreased QoL improved by HCT.30-34

• A single episode of major priapism lasting >4 h is a major risk factor for permanent
sexual dysfunction and permanent erectile dysfunction with no established effective
secondary prevention. The impact of repeated priapism episodes are at least
equivalent to that of severe pain episodes.35-37

• An adjudication process standardizes when pain clinical management is complex and
hydroxyurea therapy is variable.

1 Symptoms with low imminent risk of progressive organ disease or impaired QoL • Asymptomatic or mildly symptomatic without the above symptoms do not have
identifiable imminent risk of morbidity or mortality.

The incremental expansion strategy was developed using rationale based on the time-sensitive nature of brain, heart, lung, and genitourinary disease while receiving optimal medical care.
CI, confidence interval, MRA, magnetic resonance angiography; pHTN, pulmonary hypertension; QoL, quality of life; SBP, systolic blood pressure.
severe ACS, and severe vaso-occlusive pain per adjudication
(n = 1; Table 4).

Adjudication procedure

Fifteen potential participants were evaluated for eligibility based on
having severe vaso-occlusive pain. Figure 1. Two participants were
ineligible due to screen failure (site investigator decision and
presence of donor-specific HLA antibodies, respectively) and were
not reviewed by the adjudication team. Ultimately, the adjudication
committee reviewed 13 participants, of whom 10 (77%) were
deemed to have met the criteria outlined in the trial. Three potential
participants were deemed ineligible because there was insufficient
documentation that maximal medical therapies had been provided
before referral to HCT. The first potential participant was withdrawn
after the protocol chairs asked for additional information to docu-
ment maximal medical therapy. The second potential participant
was disqualified because they did not receive maximal medical
therapy with hydroxyurea, initially 15 mg/kg per day, with no evi-
dence of myelosuppression. The third potential participant had no
home treatment for severe vaso-occlusive pain episodes and was
not offered L-glutamine, the US Food and Drug Administration–
approved therapy for decreasing vaso-occlusive pain events
while receiving hydroxyurea therapy.38 The average review interval
was 11 calendar days (range: 1-39), from when the coordinating
center sent the adjudication request to the committee to when the
site was notified of a decision. All information was reviewed and
discussed via email or videoconference call until 3 of the 4 protocol
chairs agreed on eligibility.

Requests from the committee for additional information occurred in
8 of 13 cases. Common requests for further information included
the following: (1) confirmation from the local hematologists that the
child with SCD received maximum medical therapy, including
maximum tolerated hydroxyurea therapy, and still had multiple acute
6058 JOHN et al
pain episodes; (2) clarification that the patient had a full psycho-
social evaluation to decrease the likelihood of modifiable risk fac-
tors for acute vaso-occlusive pain episodes; (3) exclusion of
undertreated or unrecognized asthma as a contributing factor to
the increased acute vaso-occlusive pain incidence rate; and (4)
confirmation of a laboratory response to receiving the maximum
tolerated dose of hydroxyurea (increased total hemoblogin and Hb
F percent and decreased absolute neutrophil count, white blood
cell count, and platelet count).

Discussion

A lack of a global consensus regarding indications for curative trials
for children with SCD presents a significant and unique challenge
for families and referring physicians. In addition, children partici-
pating in clinical trials in the United States are considered vulner-
able as potential research participants. Following the US CFR, the
fundamental mandate for considering a trial with greater than
minimum risk in children is whether the therapy is at least as
beneficial to the child as standard care (research involving greater
than minimal risk but presenting the prospect of direct benefit to
the individual patients; 45 CFR § 46.405[b]).39 Four cohort studies
in children with SCD have demonstrated that the expected survival
of children aged ≤18 years in high-income countries is at least
98%.40-43 Thus, enrollment eligibility criteria for children could not
be based on preventing death before age 18 years, but on atten-
uating progressive brain disease (stages 4 and 3), heart, lung, or
genitourinary disease (stage 2), or improving the quality of life
because of unremitting vaso-occlusive pain events after maximal
medical therapy (stage 2).

Children with neurological morbidities (stages 4 and 3) have a well-
defined near-term risk of progressive and permanent neurologic
damage despite receiving monthly blood transfusion therapy.1

Thus, the decision to include participants with neurological
10 DECEMBER 2024 • VOLUME 8, NUMBER 23



Table 3. Adjudication survey

Pain

1. No. of severe pain events and/or hospitalizations for acute VOP events per year for the
last 2 y? ______

2. Prescribed hydroxyurea therapy? Yes ___ No ___ a. Baseline laboratory tests before
starting hydroxyurea:
a. Hb
b. Hb F
c. MCV
d. Platelets
b. If yes, current hydroxyurea dose and for how long at this dose: _____
a. Hb
b. Hb F
c. MCV
d. Platelets
c. Does the treating hematologist believe the patient has been adherent to their

hydroxyurea therapy?
d. What is the local definition of maximum tolerated dose of hydroxyurea (MTD

HU)?
e. Did the patient meet the local definition of MTD HU? Yes ____ No____
f. Specify any side effects: ________

3. Prescribed other therapies to decrease VOEs? a. L-glutamine: Yes ___ No____
a. If yes, when started: ______
b. Maximum dose used: _____
c. Any side effects at MTD? Yes ____ No_____
d. If yes, provide details: _____
b. Crizanlizumab: Yes____ No____
a. If yes, when started: ____
b. Maximum dose used: ____
c. Any side effects of MTD? Yes___ No___
d. If yes, provide details: ____
c. Chronic blood transfusions: Yes___ No___
a. If yes, when started, length of time on transfusions: _____

4. Has the possibility of pain associated with the following been evaluated? a. Menstrual
cycle: Yes ___ No___ NA___
b. Traumatic event or stress (eg, divorce, trauma, and domestic violence) as

precipitating pain been discussed with the:
a. Patient alone? Yes___ No___
b. Parent alone? Yes___ No___
c. AVN or spinal compression fracture? Yes___ No___ Not evaluated___
d. If yes to any of the above, have they been addressed or still ongoing? ______

6. History of asthma? Yes___ No___ a. Did the first episode of ACS occur before 4 y of
age? Yes___ No___
b. Evidence of optimal asthma medical care (eg, controller medication that matches

asthma severity) _______
c. Referral to an asthma specialist? Yes___ No___

7. Has the treating hematologist attending provided a statement that the patient has
been prescribed disease-modifying therapy for SCD, asthma, or both and despite
evidence of adherence continues to have acute VOEs? Yes___ No___

Priapism (Only report episodes happening at least 4 h)

1. No. of priapism events per week/month for the last 12 mo managed at home? _____
2. No. of hospitalizations for priapism events per year for last 2 y? ____
3. Length of each priapism episode documented in the medical record?

The survey was completed by enrolling institutions and reviewed by the adjudication
committee.
AVN, avascular necrosis; Hb F, hemoglobin F; MCV, mean corpuscular volume; NA, not

applicable; VOE, vaso occlusive event.

Table 4. Enrollment in the pediatric stratum of the BMT CTN 1507

trial of HLA-haploidentical HCT for SCD

Stage Enrollment per stage and symptom Total

4 Stoke only (n = 12)
Stroke and aTCD (n = 3)
Stroke and SCI (n = 1)
Stroke and SCI and aTCD (n = 1)

17

3 SCI only (n = 7) aTCD only (n = 3)
SCI and aTCD (n = 1) aTCD and ACS and severe vaso-occlusive
pain per adjudication (n = 1)

12

2 ACS (n = 3)
Right heart catheter defined pHTN (n = 0)
Essential HTN despite therapy (n = 0)
Severe vaso-occlusive pain by adjudication (n = 5)
Priapism per adjudication (n = 0)
ACS and severe vaso-occlusive pain by adjudication (n = 4)

12

1 Not open for enrollment

Eligibility was stepwise after National Heart, Lung, and Blood Institute-appointmentd
protocol review committee and DSMB panel insight.
morbidities in our phase 2 trial was readily accepted. However, for
children with heart, lung, and kidney disease, as well as recurrent
acute vaso-occlusive pain events and priapism, the entry criteria for
curative trials are less defined, given there is limited evidence of
childhood, progressive, life-long morbidity in these organs that
precedes early mortality in adulthood. The lack of consensus is in
part based on the poorly defined incidence of progressive heart,
lung, and kidney disease in children, coupled with the relatively low
mortality rate before age 18 years. In contrast, in adults, continued
decline in the function of these vital organs (heart,44 lungs,45 and
kidneys46-48) does lead to premature death, and recurrent
10 DECEMBER 2024 • VOLUME 8, NUMBER 23
vaso-occlusive pain49,50 and major priapism events37,51,52 lead to
significant morbidity. Neither the protocol chairs nor the DSMB
believed that asymptomatic or mildly symptomatic children with
SCD (stage 1) should be offered an opportunity to participate in a
phase 2 curative trial with an unknown risk of mortality and poorly
defined transplant-related late health effects.

A strength of our trial entry criteria is the selection of incremental
eligibility based on the time-sensitive nature of brain, heart, lung,
and genitourinary disease. However, as anticipated in a rare dis-
ease, our strategy has limitations due to the lack of clinical history
data to facilitate risk stratification when selecting comorbidities in
stage 2. Therefore, when deciding on the medical conditions for
stage 2, the group elected to identify a central theme, namely
progressive organ disease despite maximum medical interven-
tions. The protocol chairs targeted medical indications with evi-
dence of imminent risk of morbidity that may be modifiable with
HCT and not mortality, because the rate of death is low in children
with SCD.40-43,53 The sequelae associated with a single episode
of life-threatening ACS are not well documented. Although risk
factors for recurrent ACS, including asthma20,21,54 and asthma
risk factors,22 are well defined in children, scant data exist
regarding whether an initial life-threatening ACS event is tempo-
rally associated with a second life-threatening event. Nevertheless,
the protocol chairs believed that a single event of life-threatening
ACS was sufficient to consider a curative trial. Another limitation
was defining frequent acute vaso-occlusive pain events despite
maximized medical therapy. There are generally 2 different starting
doses of hydroxyurea for adults and children with SCD: 15 mg/kg
per day and 20 mg/kg per day, respectively.55-57 Furthermore,
there are multiple cytopenia thresholds for holding hydroxyurea
therapy based on reaching the maximum tolerated hydroxyurea
therapy dose55-57 (supplemental Table 1). Because there was no
standard for maximum tolerated dose, we set a threshold of at
least 20 mg/kg per day of hydroxyurea minimum level in the
evaluated children, unless there was evidence of locally defined
cytopenia. To address the heterogeneity in defining repetitive
severe pain episodes, trial leadership elected to include pain
events that occurred at home that were documented in the elec-
tronic record and developed an adjudication process imperative
for the standardization of entry.
STAGED STRATEGY FOR PEDIATRIC SICKLE CELL DISEASE 6059



Trial Screening Failure
N = 2 
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N = 15 
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Adjudication Committee
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Ineligible after Adjudication
N = 3 

Figure 1. CONSORT diagram of participant enrollments

that underwent adjudication for vaso-occlusive pain. A total

of 15 patients were enrolled under the indication of severe vaso-

occlusive pain. Two patients failed screening due to investigator

decision and the presence of donor-specific antibodies,

respectively, and were not reviewed by the adjudication

committee. Thirteen were reviewed by the adjudication

committee, and 10 were successfully adjudicated and enrolled. A

total of 3 patients were deemed ineligible by adjudication.
Our approach for incremental entry criteria for a curative clinical trial
in children with SCD is consistent with well-recognized incremental
eligibility criteria for oncology phase 1 and 2 clinical trials, in which
the individuals with the highest likelihood of disease progression are
enrolled first. In contrast, the currently enrolling (ClinicalTrials.gov;
March 2024) and completed gene therapy trials for SCD that
include children58-60 have excluded participants who meet stages 3
and 4 eligibility, those at high risk of stroke or stroke recurrence. For
other children at risk of strokes, those with abnormal TCD velocities
and normal magnetic resonance angiography evaluations, after a
year of regular blood transfusion therapy, maximum tolerated
hydroxyurea has been demonstrated as an effective basis for pri-
mary stroke prevention.61 Finally, few trials have reported using an
adjudication procedure to assess comorbidities that may be asso-
ciated with an increase in the pain incidence rate, and no trial has
defined ACS as a life-threatening event requiring respiratory sup-
port and admission to the intensive care unit. The importance of a
clear diagnosis of ACS is based on the absence of uniform diag-
nostic criteria and the significant overlap between ACS and an
asthma exacerbation diagnosis.62 We emphasize that our strategy
for incremental clinical trial eligibility is intended to support stan-
dardized decision-making within future pediatric SCD curative trials
and not therapeutic decision-making outside of a clinical trial.

For the first time, to our knowledge, we introduce a staged strategy
for eligibility in children with SCD for a curative therapy clinical trial
concordant with 45 CFR § 46.405(b). The research governance–
mandated incremental eligibility strategy used within the BMT CTN
1507 phase 2 study may apply to future pediatric SCD curative
therapy trials.
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