IMPORTANCE OF THE QUESTIONS BEING ADDRESSED
FAQs for BMT CTN PROTOCOL 1503: A Study to Compare Bone Marrow
Transplantation to Standard Care in Adolescents and Young Adults with Severe
Sickle Cell Disease

Hematopoietic Stem Cell Transplantation for Young Adults with Sickle Cell Disease
1. Why run a phase II trial comparing hematopoietic cell transplantation (HCT) to
the standard of care in young adults with sickle cell disease?
HCT from an HLA-matched sibling donor is curative in children with SCD.1,2 However,
HCT is used sparingly for young adults with SCD, in part because HCT-related
complications are more likely in adults compared to children. HCT-related complications
add to the burden of morbidity and mortality and typically occur within the first 1-2 years
after HCT.3-5 While the burden of morbidity is also relatively high for young adults with
severe SCD, death occurs later; the expected mortality rate is 4.4 per 100 person years.6-7
Therefore in this phase II trial we are studying whether the up-front risk of morbidity and
mortality associated with HCT (curative treatment) will eventually result in better
survival compared to the standard of care (non curative treatment). To our knowledge
there are no clinical trials directly comparing HCT with standard medical care for
survival and protection from SCD-related events. Not everyone with severe SCD will
have a tissue-matched donor needed for HCT. Therefore the trial will assign patients to a
donor arm and a no donor arm based on whether a tissue-matched donor is available.
The primary outcome of interest is overall survival at 2-years. We designed the trial to
accept no more than 15% difference in survival between those with a donor and those
without a donor, i.e., donor vs. no donor arms of the trial. The 2-year survival for the
donor arm is based on survival in young adults receiving HCT for severe aplastic anemia
and, for the no donor arm, on SCD patients receiving standard of care.3,7 Severe aplastic
anemia like SCD affects the blood cells and HCT is curative. By allowing no longer than
15% difference in survival between the treatment groups, survival beyond 2-years will be
better than with standard of care. In addition, we plan to study whether there are
improvements in sickle-related organ injury and events using a system identified by
Elmariah,8 functional assessment by administering the 6 minute walk distance (6MWD)
test; and Health related quality of life (HRQoL) as assessed by the PROMIS 57, which
includes a pain intensity score, and a 28-day electronic pain diary to capture mean pain
intensity.9-12 The secondary endpoints will examine changes between baseline
(enrollment on trial which is when the participant is assigned to the treatment arm) and 2
years between the participants on the donor and no donor arms; changes by treatment
received will also be reported.
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In summary, this trial will first establish that 2-years after enrollment, survival difference
between the treatment arms is no more than 15%. If the difference is greater than 15% it
is unlikely to result in longer-term survival advantage for those assigned to the donor arm
and expected to receive HCT (curative treatment). Our second aim is to establish
whether HCT will protect from sickle-related events and organ injury, quality of life and
pain compared to the standard of care. The findings of this trial have the potential to
change the treatment option for young adults with SCD, from a supportive care approach
to one that is curative.
2. How were the interventions used in this study selected?
An R34 planning grant from the National Heart Lung and Blood Institute (NHLBI)
allowed us to complete a pilot trial using the same transplant conditioning regimen and
graft-versus-host disease (GVHD) prophylaxis regimen for young adults with severe
SCD. The eligibility criteria for this trial (BMT CTN 1503) are similar to the eligibility
criteria for the pilot trial. We enrolled 21 patients on the pilot trial. None of these
patients rejected their graft. The 6-month probability of overall survival was 94%; the 6month probability of being alive and free of SCD was also 94%. One patient died; cause
of death was intra-cranial hemorrhage associated with posterior reversible
encephalopathy (PRES). This suggests the regimen proposed in this phase II trial is safe
and curative. None of the patients developed grade II-IV acute GVHD and 2 patients
developed chronic GVHD. Thus having established a transplant-conditioning regimen
with acceptable survival, the current trial is seeking to study whether HCT may offer an
advantage over standard of care for young adults with severe SCD.
3. Why select a biologic assignment study design?
In this trial we sort patients into their treatment groups based on whether a suitably tissue
matched donor is available (i.e., donor versus no donor treatment groups).13 The ideal
manner to study a treatment is to “flip a coin” and assign treatment otherwise known as
randomization. Randomization is very challenging for a number of reasons: 1) not
everyone who may benefit from HCT will have a suitable donor; only about ~30% will
have a suitable donor. So such a trial would take a very long time to enroll patients
during which time other treatment options could arise and/or physicians and patients
might lose interest, which also lengthen the study period; 2) HCT is a very complex
treatment that require patients and their families to accept that there are complications
from HCT and may lead to death at the expense of cure. This often involves a complex
decision making process; the possibility of complications from an intense treatment that
may result in death in the first 1-2 years after HCT versus death from the disease (SCD)
several years later. Therefore we designed the trial in a manner that once eligibility for
the trial is confirmed, HLA typing is performed and a donor search is initiated. Those
found to have a suitably matched donor are assigned to the donor arm and expected to
undergo HCT and those without a donor are assigned to the no donor arm and expected to
receive standard of care (i.e., continuing their current treatment plan). We plan to enroll
patients over 3 years and follow them for 2 years; from enrollment through 2 years we
will assess survival and compliance with treatment; at enrollment and at 2-years, we will
evaluate disease severity, quality of life and pain. All analyses will be based on treatment
assigned (donor versus no donor); we except most patients to remain in the treatment arm
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they were assigned for 2-years. There may be few patients who may decide not to be in
the trial after enrolling; we hope to minimize such loss through intensive counseling prior
to enrollment so all patients and their families understand the study design and have
plenty of opportunities to ask questions.
4. Why was the graft source limited to bone marrow?
In patients with severe aplastic anemia undergoing HCT, there is a higher risk of acute
and chronic GVHD when peripheral blood is used as a graft compared to bone marrow.
GVHD is a complication that offers no advantage for patients with SCD and if severe can
lead to death. Therefore only allow bone marrow grafts from tissue matched donors are
allowed. Umbilical cord blood is not allowed due to a high risk of graft rejection in SCD.
Our pilot trial included HLA-matched donors who were related (i.e., brother or sister) or
unrelated.
5. What was the rationale for selecting the disease status for eligibility in this trial?
The definition of disease severity for SCD used in this protocol is similar to criteria
applied in other trials in adults with SCD.6,7 Further, the inclusion criteria for this trial
have been discussed extensively with both SCD and HCT physicians and there is general
agreement amongst the referral and treating physicians. An objective of this trial is to
determine if HCT can alleviate the severity of the disease; therefore disease assessments
are conducted at enrollment and at 2-years (upon completion of the trial).
6. What are the safeguards and modifications in this trial to prevent transplant
related risks unique to patients with SCD?
Individuals with severe SCD are at unique risk for posterior reversible encephalopathy
(PRES), seizures and other neurological complications especially following HCT.14-16
This might be related to impaired dynamic cerebrovascular autoregulation (decreased
ability to buffer the transfer of blood pressure surges to the brain) and reduced
cerebrovascular reserve capacity or vasodilatory capacity. Factors contributing to PRES
and other neurologic complications include the administration of calcineurin inhibitors
(drugs used for GVHD prophylaxis), hypertension (high blood pressure),
hypomagnesemia (low magnesium level in blood), fluid shifts (e.g., fluid loss without
adequate replacement), and thrombocytopenia (low platelet counts; <50 x 109/L).17,18
The supportive care section of the protocol offers guidelines about reducing the risk of
PRES, seizures and other neurological complications.
7. Why are calcineurin inhibitors used in this study despite the risk of PRES?
Although some investigators have used a different GVHD prophylaxis agent called
sirolimus, the experience with sirolimus is very limited.19,20 There are no advantages to
GVHD in patients with severe SCD. Therefore, in our pilot trial we used a calcineurin
inhibitor for GVHD prophylaxis with strict motoring of drug levels. This trial avoids the
use of steroids, which is another agent associated with PRES.
8. Why does this study use a conditioning regimen with myeloablative doses of
busulfan with fludarabine and thymoglobulin as opposed to a reduced intensity
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regimen with alemtuzumab/fludarabine with melphalan or low dose total body
irradiation (TBI)?
The rate of acute and chronic GVHD is unacceptably high after HCT in SCD patients
using alemtuzumab/fludarabine with melphalan. As GVHD adds to the burden of
morbidity and mortality we piloted a myelobaltive regimen with a lower dose of busulfan
than the conventional dose. Alemtuzumab/fludarabine/low dose TBI regimen does not
result in stable chimerism when used in the setting of unrelated donor HCT. In this trial,
matched related and unrelated donors are allowed to donate bone marrow. Consequently,
we chose a transplant conditioning that is acceptable when using matched related and
unrelated donors.
10. Is this trial feasible?
The planning grant assembled 13 clinical sites that enrolled patients. That trial has
completed its planned accrual. An additional 10-12 clinical sites expressed interest in
participating in this comparison trial. The trial will also target enrollment in BMT CTN
clinical sites that did not participate in the pilot investigation. Therefore, we believe we
will be able to enroll 200 patients over a 3-year period. Please see separate document for
accrual plan.
Reference:
1. Walters MC, Patience M, Leisenring W, Eckman JR, Scott JP, Mentzer WC,
Davies SC, Ohene-Frempong K, Bernaudin F, Matthews DC, Storb R, Sullivan
KM. Bone Marrow Transplantation for sickle cell disease. N Engl J Med. 335
(6): 369 – 376, 1996.
2. Panepinto JA, Walters MC, Carreras J, Marsh J, Bredeson CN, Gale RP, Hale
GA, Horan J, Hows JM, Klein JP, Pasquini R, Roberts I, Sullivan K, Eapen M,
Ferster A; Non-Malignant Marrow Disorders Working Committee, Center for
International Blood and Marrow Transplant Research. Matched related donor
transplantation for sickle cell disease: a report from the Center for International
Blood and Marrow Transplant Research. Br J Haematol. 137(5): 479 – 485,
2007.
3. Gupta V, Eapen M, Brazauskas R, Carreras J, Aljurf M, Gale RP, Hale GA, Ilhan
O, Passweg JR, Ringdén O, Sabloff M, Schrezenmeier H, Socié G, Marsh JC.
Impact of age on outcomes after bone marrow transplantation for acquired
aplastic anemia using HLA-matched sibling donor. Haematologica. 95(12): 21192125, 2010. PMCID: PMC2995571.
4. Eapen M, Le Rademacher J, Antin JH, Champlin RE, Carreras J, Fay J, Passweg
JR, Tolar J, Horowitz MM, Marsh JC, Deeg HJ. Effect of stem cell source on
outcomes after unrelated donor transplantation in severe aplastic anemia. Blood.
118(9): 2618-2621, 2011. PMCID: PMC3167362.
5. Socie G, Stone JV, Wingard JR, Weisdorf D, Henslee-Downey PJ, Bredeson C,
Cahn JY, Passweg JR, Rowlings PA, Schouten HC, Kolb HJ, Klein JP. Longterm survival and late deaths after allogeneic bone marrow transplantation. Late
Effects Working Committee of the International Bone Marrow Transplant
Registry. N Engl J Med. 341(1): 14-21, 1999.
Page 4 of 6

BMT CTN Protocol #1503 FAQ

Version 0.02

6. Steinberg MH, McCarthy WF, Castro O, Ballas SK, Armstrong FD, Smith W,
Ataga K, Swerdlow P, Kutlar A, DeCastro L, Waclawiw MA; Investigators of the
Multicenter Study of Hydroxyurea in Sickle Cell Anemia and MSH Patients'
Follow-Up. The risks and benefits of long-term use of hydroxyurea in sickle cell
anemia: a 17.5 year follow-up. Am J Hematol. 85 (6): 403-408, 2010. PMCID:
PMC2879711.
7. Platt OS, Brambilla DJ, Rosse WF, Milner PF, Castro O, Steinberg MH, Klug PP.
Mortality in sickle cell disease. Life expectancy and risk factors for early death.
N Engl J Med. 330 (23): 1639 – 1644, 1994.
8. Elmariah H, Garrett ME, De Castro LM, Jonassaint JC, Ataga KI, Eckman JR,
Ashley-Koch AE, Telen MJ. Factors associated with survival in a contemporary
adult sickle cell disease cohort. Am J Hematol. 89(5): 530 – 535, 2014. PMCID:
PMC3988218.
9. Desai PC, May RC, Jones SK, Strayhorn D, Caughey M, Hinderliter A, Ataga KI.
Longitudinal study of echocardiography-derived tricuspid regurgitant jet velocity
in sickle cell disease. Br J Haematol. 162(6): 836-841, 2013. PMCID:
PMC3759564.
10. Field JJ, Glassberg J, Gilmore A, Howard J, Patankar S, Yan Y, Davies SC,
Debaun MR, Strunk RC. Longitudinal analysis of pulmonary function in adults
with sickle cell disease. Am J Hematol. 83(7): 574-576, 2008. PMCID:
PMC3729267.
11. Guasch A, Navarrete J, Nass K, Zayas CF. Glomerular involvement in adults with
sickle cell hemoglobinopathies: Prevalence and clinical correlates of progressive
renal failure. J Am Soc Nephrol. 17(8): 2228-2235, 2006.
12. Bakshi N, Stinson JN, Ross D, Lukombo I, Mittal N, Joshi SV, Belfer I,
Krishnamurti L. Development, content validity, and user review of a web-based
multidimensional pain dairy for adolescents and young adults with sickle cell
disease. Clin J. Pain. 31(6): 580-590, 2015. PMID 25565585 [Pubmed – in
process].
13. Logan B, Leifer E, Bredeson C, Horowitz M, Ewell M, Carter S, Geller N. Use of
biological assignment in hematopoietic stem-cell transplantation clinical trials.
Clin Trials. 5(6): 607-616, 2008. PMCID: PMC2671015.
14. Walters MC, Sullivan KM, Bernaudin F, et al. Neurologic complications after
allogeneic marrow transplantation for sickle cell anemia. Blood. 1995;85(4):879884.
15. Alkan O, Kizilkilic E, Kizilkilic O, et al. Cranial involvement in sickle cell
disease. Eur J Radiol. 2010;76(2):151-156.
16. Khademian Z, Speller-Brown B, Nouraie SM, Minniti CP. Reversible posterior
leuko-encephalopathy in children with sickle cell disease. Pediatr Blood Cancer.
2009;52(3):373-375.
17. Hedna VS, Stead LG, Bidari S, et al. Posterior reversible encephalopathy
syndrome (PRES) and CT perfusion changes. Int J Emerg Med. 2012;5:12.
18. Pegelow CH, Colangelo L, Steinberg M, et al. Natural history of blood pressure in
sickle cell disease: risks for stroke and death associated with relative hypertension
in sickle cell anemia. Am J Med. 1997;102(2):171-177.

Page 5 of 6

BMT CTN Protocol #1503 FAQ

Version 0.02

19. Hsieh MM, Fitzhugh CD, Weitzel RP, Link ME, Coles WA, Zhao X, Rodgers
GP, Powell JD, Tisdale JF. Non-myeloablative HLA-matched sibling allogeneic
hematopoietic cell transplantation for severe sickle cell phenotype. JAMA. 312
(1): 48 – 56, 2014.
20. Bolaños-Meade J, Fuchs EJ, Luznik L, Lanzkron SM, Gamper CJ, Jones RJ,
Brodsky RA. HLA-haploidentical bone marrow transplantation with
posttransplant cyclophosphamide expands the donor pool for patients with sickle
cell disease. Blood. 22; 120 (22): 4285 – 4291, 2012. PMCID: PMC3507140.

Page 6 of 6

