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EMERGING THERAPIES AND CONSIDERATIONS FOR SICKLE CELL DISEASE

     Hematopoietic cell trans plan ta tion for sickle cell 
dis ease: updates and future direc tions 
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   Excellent out comes in hema to poi etic cell trans plan ta tion (HCT) from HLA - iden ti cal sib lings, improve ments in con di tion-
ing reg i mens, novel graft - ver sus - host dis ease pro phy laxis, and the avail abil ity of alter na tive donors have all  con trib uted 
to the increased appli ca bil ity and accept abil ity of HCT for sickle cell dis ease (SCD). In young chil dren with symp tom atic 
SCD with an avail  able HLA - iden ti cal related donor, HCT should be care fully con sid ered. HCT from alter na tive donors is 
typ i cally under taken only in patients with severe symp toms, caus ing or likely to cause organ dam age, and in the con text 
of clin i cal tri als. Patients under go ing HCT for SCD require care ful coun sel ing and prep a ra tion. They require care ful mon i-
tor ing of unique organ toxicities and com pli ca tions dur ing HCT. Patients must be pro spec tively followed for a prolonged 
time to deter mine the long - term out comes and late effects of HCT for SCD. Thus, there is a need for a uni ver sal, lon gi-
tu di nal clin i cal reg is try to fol low patients after HCT for SCD in con junc tion with indi vid u als who do not receive HCT to 
com pare out comes. Antibody - based con di tion ing and ex - vivo umbil i cal cord blood expan sion are likely to improve the 
avail abil ity and accept abil ity of HCT. In addi tion, new dis ease - mod i fy ing drugs and the emerg ing option of the autol-
o gous trans plan ta tion of gene - mod i fi ed hema to poi etic pro gen i tor cells are likely to expand the avail  able ther a peu tic 
options and make deci sion - mak ing by patients, phy si cians, and care giv ers even more com pli cated. Future efforts must 
also focus on deter min ing the impact of socio eco nomic sta tus on access to and out comes of HCT and the long - term 
impact of HCT on patients, fam i lies, and soci ety.  

   LEARNING OBJECTIVES 
   •     Discuss indi ca tions, con di tion ing, donor options, tim ing, out comes, and deci sion  mak ing in HCT for SCD 
  •     Understand the impact of recip i ent ages and the avail abil ity of HLA  iden ti cal donors on out comes of HCT for SCD 
  •     Review emerg ing options in alter nate  donor HCT for SCD.  

  CLINICAL CASE 
  A 12  year  old girl with HbSS  type sickle cell dis ease (SCD) 
has been hav ing recur rent epi sodes of vaso  occlu sive pain 
(VOE). She has been on hydroxy urea (HU) since the age of 
9 months. Her clin i cal course remains severe despite an ade
quate trial of L  glu ta mine 3 years ago and, more recently, 
of voxelotor. She has an 8  year  old HLA  iden ti cal sib ling. 
The patient ’ s pedi at ric hema tol o gist inquires whether she 
should talk to this fam ily about con sid er ing hema to poi etic 
cell trans plan ta tion (HCT).  

 Introduction 
 Comprehensive care and dis ease mod i fi  ca tion of SCD with 
HU can decrease mor bid ity and organ dys func tion and 
improve health  related qual ity of life (QoL) and sur vival. 1

L  glu ta mine has been shown to reduce the rate of VOE 
and related hos pi tal i za tions. 2  Voxelotor has been shown 
to increase the mean hemo glo bin (Hb) level from base line 
com pared with pla cebo and may be par tic u larly use ful in 
indi vid u als who have con tin ued ane mia and hemo ly sis. 3

Crizanlizumab has been dem on strated to reduce the fre
quency of VOE. 4  HCT, how ever, remains the only treat ment 
with cura tive intent. When performed in young patients 
from HLA  iden ti cal related donors, HCT results in excel
lent over all sur vival (OS) and event  free sur vival (EFS). 5  11

However, the lack of an avail  able HLA  iden ti cal fam ily 
donor remains a sig nifi   cant lim i ta tion in the appli ca bil ity of 
matched sib ling donor HCT. The opti mi za tion of sup port
ive care, the devel op ment of novel con di tion ing reg i mens, 
and the avail abil ity of the options of HCT from alter na tive 
donors have enhanced the appli ca bil ity of HCT for SCD. 
However, it is a sober ing fact that, despite its increase in 
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the last decade,11 HCT has been applied to only a tiny frac tion of 
patients with SCD, includ ing those with severe dis ease man i fes
ta tions. This arti cle aims to review the cur rent sta tus of HCT for 
SCD and address future direc tions in the field.

Considerations in deci sion-mak ing about HCT for SCD
Recipient age and donor HLA match
The diag no sis of SCD is made at birth, and chil dren are often well 
at a young age. However, the clin i cal course waxes and wanes and 
progresses unpre dict ably with age. Families can usu ally ascer tain 
very early if their child with SCD has a poten tial HLAiden ti cal sib
ling since sib lings are often close in age. Thus, the cru cial ques tion 
is, at what age and when in the clin i cal course should HCT be 
con sid ered? Gluckman et al9 reported in a study com bin ing the 
Euro pean Society for Blood and Marrow Transplantation and Cen
ter for International Blood and Marrow Transplant Research reg
is tries that out comes of HCT from HLAiden ti cal related donors 
are excel lent, but EFS decreases with increas ing age at HCT (haz
ard ratio [HR], 1.09; P < .001). Cappelli et al8 reported 100% OS 
and 93% EFS in chil dren under 5 years of age. Brazauskas et al12 
performed an anal y sis of 1425 patients with SCD who under went 
HCT between 2008 and 2017. They found that patients aged 12 
or youn ger with an HLAmatched sib ling donor had the best out
come, with a 3year EFS of 92%.12 Age at HCT and type of donor 
were pre dic tive of EFS. Patients ≤12 years under go ing HCT from 
an HLAiden ti cal sib ling are the best risk group. Patients ≤12 years 
receiv ing HCT from an unre lated donor and patients ≥13 years 
from an HLAiden ti cal donor are at inter me di ate risk. All other 
patients are in the highrisk group (Table 1).

Indications for HCT
HCT for SCD has been performed in patients with severe SCD 
related com pli ca tions. Common rea sons to pro ceed with HCT 
include a his tory of stroke, the need for chronic blood trans
fu sions with the atten dant risks of trans fu sional iron over load 
and fea tures of dis ease sever ity, and pre dic tors of pre ma ture 
mor tal ity, such as recur rent VOE and recur rent acute chest 
syn drome.1316 In patients enrolled in early clin i cal tri als of HCT 
for SCD, the most com mon indi ca tions were stroke in 57% of 

patients and fre quent VOE in 23% of patients.17 More recently, 
the most com mon indi ca tion for HCT has been recur rent VOE in 
over 70% of cases.9,1820

The rea sons for the shift in indi ca tions for HCT are unknown. It 
is pos si ble that with the decline in the inci dence of stroke,21 there 
are fewer patients with stroke pres ent and con sid er ing HCT. It is 
also pos si ble that a shift has occurred in the per cep tion of patients, 
care giv ers, and phy si cians regard ing recur rent VOE being an appro
pri ate indi ca tion for HCT.2224 The num ber of hos pi tal i za tions or 
emer gency room vis its for SCDasso ci ated pain has long been 
con sid ered a sur ro gate mea sure of the total bur den of pain. How
ever, the fre quency of health care uti li za tion may be an inad e quate 
mea sure of the daily bur den of pain since many patients man age 
most of their pain at home.25 A hos pi tal or emer gency room visit 
rep re sents a small frac tion of the pain expe ri ence.26 Thus, some 
patients with a severe bur den of pain may not meet eli gi bil ity cri te
ria because they do not have fre quent health care uti li za tion. Acute 
inter mit tent vasoocclu sive pain is the hall mark of SCD, but more 
than half of the adults with SCD tran si tion from acute inter mit tent 
pain to chronic per sis tent pain. Chronic pain, defined by dura tion 
as the pres ence of pain on most days of the pre vi ous 6 months, is a 
sig nifi  cant cause of mor bid ity and impaired QoL in SCD.27 However, 
chronic pain may not affect all  indi vid u als with the same degree of 
dis abil ity and inter fer ence with activ i ties.

A defi  ni tion of chronic pain based on dura tion alone does not 
con sider the mul ti ple dimen sions of the con di tion or cap ture the 
extent of asso ci ated dis abil ity. The US National Pain Strategy has 
pro posed highimpact chronic pain (HICP) as an extreme phe
no type of chronic pain asso ci ated with severe dis abil ity.28 HICP, 
deter mined by screen ing patients for fre quent daily pain and the 
pres ence of dis abil ity,29 is begin ning to be used as an eli gi bil ity 
cri te rion for HCT for SCD even in the absence of fre quent health 
care uti li za tion.28,29 However, more research is required on how 
to inte grate screen ing for HICP into clin i cal care and deter mine 
from elec tronic health records if an indi vid ual has HICP. PostHCT 
patients with SCD show improve ment in pain inter fer ence, opi oid 
use, hos pi tal i za tion, and QoL.18,3033 A sub group of patients with 
the preHCT fea tures of sig nifi  cantly higher pain bur dens, anx i ety, 
and the use of longact ing opi oids before HCT have per sis tent 

Table 1. Risk score based on age and type of donor.

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

3-year prob a bil ity/ 
inci dence % (95% CI)

EFS

Death 
with out 

GF Graft fail ure ≤

≤12 0 HLAmatched sib ling 0 0 92 (89-94)     2 (0-4) 6       (4-9)

0 HLAmatched rel a tive 2 2 62 (43-76)     8 (2-19) 30        (15-47)

0 Matched unre lated donor 1 1 83 (69-91)     8 (2-18) 8 (2-18)

0 Mismatched unre lated donor 2 2 68 (55-79)     5 (1-13) 27 (16-38)

≥13 1 HLAmatched sib ling 0 1 87  (81-92)     7 (4-11) 5 (2-10)

1 HLA mismatched rel a tive 2 3 52 (38-65)    10   (4-18) 38 (24-51)

1 Matched unre lated donor 1 2 50    (34-64) 29 (17-43)  21   (10-33)

1 Mismatched unre lated donor 2 3 49 (31-66) 23 (9-40) 28 (31-44)

GF, graft fail ure. Reproduced with per mis sion from Brazauskas et al.12
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chronic pain beyond 1 year post HCT.33 Thus, the iden ti fi ca tion of 
HICP preHCT, care ful prep a ra tion of patients, includ ing behav
ioral health con sul ta tion, and longterm mul ti modal reha bil i ta tion 
postHCT are cru cial to opti mize out comes in these patients.

Donor con sid er ations
Type of donor
The major ity of cases of HCT for SCD reported to inter na tional 
reg is tries rep re sent HLAiden ti cal sib ling donor HCT.11 Outcomes 
of HCT from HLAiden ti cal donors are supe rior to those from alter
nate donors,11,34 but the avail abil ity of HLAiden ti cal donor HCT is 
severely lim ited by the lack of suit able fam ily donors.35 The use of 
alter nate donors to expand the donor pool for patients with SCD 
HCT has been the sub ject of inten sive inves ti ga tion. HCT from 
unre lated donors results in sta ble donorderived hema to poi e sis 
but is asso ci ated with sig nifi  cant HCTrelated mor bid ity and mor
tal ity.36 The addi tion of costimulatory block ade using abatacept for 
graftver sushost dis ease (GVHD) pro phy laxis has shown prom ise 
in miti gat ing the risk of severe GVHD in HCT for SCD and is the 
sub ject of an ongo ing mul ti cen ter clin i cal trial (NCT 03924401).37 
HCT from HLAhaploidentical famil ial donors using invivo or ex
vivo Tcell deple tion has been reported to be safe and effec tive in 
earlyphase clin i cal tri als and is the sub ject of ongo ing mul ti cen ter 
clin i cal tri als (NCT 03263559, NCT04201210).20,3841

Stem cell source
No study to date has com pared the out comes from HCT using 
dif fer ent stem cell sources. A higher rate of nonengraftment led 
to the pre ma ture clo sure of the unre lated donor (URD) umbil
i cal cord blood (UCB) arm of the BMT CTN 0601 study.42 A 
recent case series sug gests that the addi tion of thio tepa to the 
reducedinten sity con di tion ing (RIC) reg i men may enhance the 
engraft ment of UCB.43 Peripheral blood as a stem cell source has 
been asso ci ated with a higher risk of chronic GVHD (CGVHD).11

Donor char ac ter is tics
The impact of donor age in HCT for SCD has not been reported. 
However, donor age has been reported as a risk fac tor for CGVHD 
fol low ing HCT for leu ke mia.44 Thus, donor age is likely sig nifi  cant 
since GVHD does not con vey any ben e fit in HCT for SCD. Increas
ingly, patients with SCD are receiv ing HCT from famil ial haploiden
tical donors, such as par ents or older sib lings; hence, it is cru cial 
to deter mine the con tri bu tion of donor age to out comes. In addi
tion, ABO major or minor incom pat i bil ity may add to the risk of 
graft stem cell loss,42 delayed red cell engraft ment decreased OS 
[44], and pure red cell aplasia.45 Therefore, donor size is an impor
tant con sid er ation to ensure an ade quate cell dose with out com
pro mis ing donor safety. For pedi at ric donors for HCT for SCD, the 
usual prac tice is to accept a min i mum donor size ≥ 10 kg and age 
≥ 1 year. Donorrecip i ent cyto meg a lo vi rus serostatus is matched 
(D−/R− or D+/R+) when ever pos si ble to min i mize cyto meg a lo vi
rus dis ease risks. Hightiter donordirected HLA antibodies may 
pre dict an increased risk for graft rejec tion. Therefore, recip i ents 
should be screened for the pres ence of donordirected HLA anti
bodies. If hightiter antibodies are found to be pres ent, desen si ti
za tion must be con sid ered before pro ceed ing to HCT.45,46

Conditioning reg i men for HCT
Most often, matched related donor (MRD) HCT has been per
formed fol low ing a myeloablative con di tion ing reg i men.9 While 

early case series reported the use of a myeloablative com bi na tion 
of busul fan and cyclo phos pha mide,17 more recent series describe 
the use of RIC.9,36,42,43,47,48 The most com mon RIC approach is 
substitut ing cyclo phos pha mide with fludarabine in com bi na tion 
with another agent,9 usu ally an alkylator such as busul fan or mel
pha lan.48 Several reducedtox ic ity con di tion ing reg i mens have 
been described, includ ing the use of reduced doses of busul fan 
com bined with fludarabine with or with out cyclo phos pha mide 
or the sub sti tu tion of busul fan with treosulfan or with the addi
tion of thio tepa.18,4952 Nonmyeloablative con di tion ing with 200 
cGy of total body irra di a tion and fludarabine resulted in poor 
longterm engraft ment.53,54 A com bi na tion of total body irra di
a tion (300 cGy) with alemtuzumab resulted in high OS and EFS 
in adults and chil dren.19,31,55,56 Pretransplant immu no sup pres sion 
with 2 courses of fludarabine and dexa meth a sone to pre vent 
graft fail ure has been piloted in haploidentical and URD HCT 
for SCD.45,57

Prophylaxis for GVHD
The deple tion of T cells in vivo using either antithymocyte glob
u lin (ATG; 70.6%) or alemtuzumab (11.5%) has been used exten
sively in patients under go ing MRD HCT and may be impor tant for 
the pre ven tion of graft fail ure.9 Bernaudin et al reported that the 
use of ATG may decrease the rate of graft fail ure from 22.6% to 
3%.58 ATG has not been fre quently used in MRD UCB trans plan ta
tion (UCBT).59 The deple tion of T cells in vivo with alemtuzumab 
has been used in MRD HCT and URD UCBT.19,42,43,48 The deple tion 
of T cells in vivo with posttransplant cyclo phos pha mide with ATG 
or alemtuzumab has also been used for haploidentical HCT for 
SCD.45,47,6062 The deple tion of T cells ex vivo with CD34+ selec
tion,63 CD3/CD19 deple tion,64 or α/β Tcell recep tor and CD19 
deple tion has also been used in haploidentical HCT for SCD.65 Ex 
vivo α/β tcell recep tor and CD19 deple tion may reduce the risk 
of GVHD but may be asso ci ated with delayed immune recon
sti tu tion and an increased risk of infec tion and graft fail ure.38,65 
The most com monly used GVHD pro phy laxis con sists of calci
neurin inhib i tors (CNIs), which are often com bined with meth o
trex ate (MTX) or mycophenolate mofetil.9 Locatelli et al reported 
that the addi tion of MTX fol low ing MRD UCBT reduced EFS.59 
Therefore, mycophenolate mofetil is substituted for MTX in MRD 
UCBT.42,43 The addi tion of selec tive inhi bi tion of Tcell costimula
tion with abatacept can decrease GVHD and thus improve the 
safety pro file and appli ca bil ity of HCT to SCD.37

Cell dose con sid er ations
For MRD UCB, a total nucle ated cell (TNC) dose for UCB >3 × 107 
TNC/kg recip i ent weight is pref er a ble.66 If the UCB cell dose is 
low, a com bi na tion of UCB and bone mar row may be used.67 In 
URD UCB, TNC >5 × 107/kg increased engraft ment and dis ease
free sur vival.68 A tar get cell dose of 4 × 108 to 5 × 108 TNC/kg for 
bone mar row and 4 × 107 to 5 × 107 TNC/kg for UCB (prethaw) is 
recommended.

Engraftment fol low ing HCT
Risk fac tors for graft fail ure include HLA mis match, high titers 
of donordirected HLA antibodies, the inten sity of con di tion ing, 
or the pres ence of active infec tion at the time of engraft ment.69

A com bi na tion of donor chi me rism in the lym phoid lin e age 
(CD3) and mye loid lin e age (CD15 or CD33), total Hb level, and 
sickle cell hemo glo bin (HbS) per cent age are used to eval u ate the 
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robust ness of engraft ment and donorderived hema to poi e sis. 
Wholeblood donor chi me rism of 11% to 74% may be asso ci ated 
with sta ble donorderived eryth ro poi e sis.7072 Myeloid and lym
phoid lin e agespe cific chi me rism may pro vide addi tional infor ma
tion, but ery throid cell chi me rism assays are still being eval u ated 
in research stud ies.73,74 Stable mye loid chi me rism of at least 20% 
to 25% is asso ci ated with sta ble donorderived eryth ro poi e sis.18,71,72 
HbS >50% sug gests the imma nence of autol o gous recov ery. If 
there is mixed or declin ing donor chi me rism or an increas ing HbS 
per cent age, closer mon i tor ing with more fre quent assess ments of 
donor chi me rism may be nec es sary. Donor lym pho cyte infu sions 
are asso ci ated with a sig nifi  cant risk of GVHD, and their role in 
improv ing donor chi me rism is unknown.

Most patients rejecting the allo graft recon sti tute autol o
gous hema to poi e sis,58,71 even in the case of alter na tivedonor 
HCT.18,36,43,60,71 Marrow aplasia or prolonged cytopenia are indi ca
tions for an urgent sal vage HCT.18 Consideration of a sec ond HCT 
should be deferred for at least 6 months fol low ing a first HCT 
that has resulted in graft fail ure with autol o gous recon sti tu tion.

Organ func tion con sid er ations spe cific to HCT for SCD
Neurological
In the ini tial case series of patients who under went MRD HCT, sei
zures and hem or rhagic stroke were observed in 30% of patients.75 
The risk fac tors for neu ro log i cal com pli ca tions included (1) a his
tory of prior stroke, (2) hyper ten sion due to neu ro log i cal and renal 
dys func tion exac er bated by CNIs and cor ti co ste roid use, (3) hem
or rhagic stroke in patients with preexisting cere bral vasculopathy 
with postHCT throm bo cy to pe nia,58 and (4) pos te rior revers ible 
enceph a lop a thy syn drome (PRES) (22%34%).36,76 There is an 
increased risk of PRES in SCD patients that is exac er bated dur ing 
HCT and may result in decreased OS and EFS.76,77 As com pared to 
indi vid u als matched for age, sex, and race, indi vid u als with SCD 
have lower blood pres sure (BP).78 In patients with SCD, BP above 
the 50th per cen tile for age may be asso ci ated with an increased 
risk of stroke.78,79 Careful mon i tor ing of BP and aggres sive man age
ment of hyper ten sion are par tic u larly impor tant when patients are 
receiv ing both cor ti co ste roids and CNIs since both drugs are likely 
to con trib ute to the devel op ment of hyper ten sion. In BMT CTN 
0601, a mul ti cen ter trial of URD blood and mar row trans plan ta tion 
(BMT) for SCD, there was a high inci dence of PRES.36 The GVHD 
pro phy laxis in this study included the use of pred ni sone through 
day +28. Essential pre cau tions to pre vent neu ro log i cal com pli
ca tions such as sei zures or PRES include (1) starting anti ep i lep tic 
sei zure pro phy laxis before con di tion ing, espe cially if busul fan is 
used, and con tinu ing sei zure pro phy laxis for the dura tion of CNI 
admin is tra tion, (2) care fully mon i tor ing and strictly con trol ling 
BP,17,75 with a tar get BP within 10% of the median for age and sex 
for SCD patients as described by Pegelow et al,78 (3) maintaining 
nor mal mag ne sium lev els by mag ne sium sup ple men ta tion,80,81 
and (4) admin is ter ing pro phy lac tic plate let trans fu sions to main
tain a plate let count >50 000/µL and red blood cell trans fu sion as 
needed to main tain an Hb level of 9 to 11 g/dL. Post HCT, the rec
om men da tion is to con sider obtaining brain mag netic res o nance 
angi og ra phy/imag ing (MRA/MRI) at 1 and 2 years after HCT and 
then every 2 years as clin i cally indi cated in patients with a his tory 
of stroke, moyamoya pretransplant, PRES, or another neu ro tox ic
ity dur ing HCT.82 An ageappro pri ate neurocognitive eval u a tion 
should be obtained at 1 year. It should be repeated every 2 years if 
there is a his tory of a neu ro toxic com pli ca tion dur ing HCT.82

Cardiopulmonary
In adult SCD patients, the com bi na tion of echo car dio graphic 
tri cus pid regurgitant jet veloc ity >3.0 m/s and brain natri uretic 
pep tide >160 pg/mL is a strong pre dic tor of pre ma ture mor tal
ity.83,84 Following suc cess ful HCT there may be an improve ment 
of tri cus pid regurgitant jet veloc ity.18 Post HCT, obtaining an 
echo car dio gram annu ally for 5 years is recommended. In addi
tion, an eval u a tion of car diac iron by T2 MRI at 1 year after HCT 
should be con sid ered in patients with mod er ate or severe iron 
over load at HCT.82

Unique infec tion risks
SCD patients undergo autoinfarction of the spleen variably with 
age and have impair ment of splenic func tion and an increased 
risk of pneu mo coc cal sep sis,8587 which most often includes non
vaccine sero types.88 Overall, the risk of infec tion in SCD patients 
is increased due to splenic infarc tion, defec tive opsonization of 
encap su lated organ isms, impair ment of T and Bcell immune 
func tion, and the pres ence of infarcted devitalized bone.89 SCD 
patients may recover splenic func tion on HU fol low ing the insti
tu tion of chronic trans fu sion or fol low ing suc cess ful HCT.90 How
ever, patients who are older at the time of HCT and those with 
exten sive CGVHD are at higher risk of poor postHCT splenic 
recov ery.91 While pneu mo coc cal infec tions are rare fol low ing 
HCT for SCD,91 deaths due to over whelm ing pneu mo coc cal sep
sis have been reported. Therefore, pneu mo coc cal pro phy laxis, 
care ful mon i tor ing of splenic func tion recov ery post HCT, and 
timely reimmunization starting with con ju gated pneu mo coc cal 
vac cines 6 months post trans plant are impor tant for the pre ven
tion of seri ous pneu mo coc cal infec tions.92

Management of trans fu sional iron over load
Patients may have trans fu sional iron over load prior to HCT and 
may have also received sev eral trans fu sions of packed red blood 
cells with the HCT. Patients who have received a life time trans
fu sion bur den ≥10 trans fu sions and serum fer ri tin ≥1500 ng/mL 
are eval u ated preHCT for liver iron over load and liver fibro sis. 
MR of the abdo men is performed for quan ti fi ca tion of iron. In 
addi tion, ultra sound or MR elastography may be performed to 
assess the degree of fibro sis. In patients with evi dence of severe 
iron over load or liver fibro sis, a hepatology con sul ta tion and liver 
biopsy may be con sid ered for deter min ing the safety of pro
ceed ing with HCT. Patients with cir rho sis, bridg ing fibro sis, or 
active hep a ti tis are too high risk and may not tol er ate an HCT 
con di tion ing reg i men.93 In patients with base line iron over load, 
the removal of excess body iron stores must be insti tuted with 
oral iron che la tion, by monthly phle bot omy, or by a com bi na tion 
thereof after mea sure ment of resid ual iron over load by serum fer
ri tin and MRI.9497 Iron che la tion may be ini ti ated post HCT when 
patients are off immu no sup pres sion, have no evi dence of GVHD 
or druginduced liver dam age, and are trans fu sion inde pen dent.

Renal
Serum blood urea nitro gen/cre at i nine and glo mer u lar fil tra
tion rate or 24hour cre at i nine clear ance and SCDasso ci ated 
pro tein uria are crit i cal con sid er ations preHCT and fol lowups 
for recov ery post HCT.82 A prolonged course of CNIs places 
patients at a high risk of renal dys func tion. Patients with SCD 
with prior com ple mentmedi ated vas cu lar injury due to their 
under ly ing pri mary hemo lytic dis ease and addi tional stress ors 
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dur ing the HCT pro cess may develop pro gres sive endo the lial 
injury and endorgan dys func tion.98 Case reports and small case 
series of trans plantasso ci ated throm botic microangiopathy in 
patients with SCD and fol low ing HCT sug gest the need to mon
i tor trans plantasso ci ated throm botic microangiopathy, con
trol hyper ten sion, con sider alter na tives to CNIs, and treat with 
eculizumab when appro pri ate.99103

Gonadal dam age and impaired fer til ity
HCT recip i ents for SCD are at high risk of gonadal dam age and 
infer til ity.104 However, data are lacking on the patient and care
giver per spec tive on the impor tance of fer til ity in mak ing deci
sions about HCT, the costs of and access to fer til ity pres er va tion, 
and the emo tional and psy cho log i cal impact of gonadal dam age 
on the longterm sur vi vors of HCT.105 Sperm bank ing in males and 
oocyte cryo pres er va tion in females are stan dard pro ce dures 
that can mit i gate the risk of infer til ity.106 Ovarian tis sue bank ing 
is an accept able fer til itypres er va tion tech nique that is no lon
ger con sid ered exper i men tal and is the only method to pre serve 
fer til ity for pre pu ber tal girls.106 Testicular tis sue cryo pres er va tion 
in pre pu ber tal boys is under inves ti ga tion.107,108 Fertility pres
er va tion pro ce dures preHCT must also con sider that HU may 
cause gonadal dam age and have an adverse impact on male and 
female fer til ity in SCD patients.109,110

Med ic aid cov er age of fer til ity pres er va tion is extremely lim
ited both in the scope of ben e fits and the num ber of states that 
require such a ben e fit.111 For exam ple, only 15 states require fer til
ity pres er va tion cov er age in pri vate insur ance plans, and 5 states 
extend this ben e fit only to females. In addi tion, state stat utes 
pro vide var i able cov er age based on mar i tal sta tus, diag no sis, 
length of fer til ity prob lems, and the mon e tary limit of the ben e fit.

Long-term and late effects of HCT
HCT can sta bi lize organ func tion and ame lio rate man i fes ta tions 
of SCD; patients need sys tem atic fol lowup of mon i tor ing SCD 
com pli ca tions and the longterm and late effects of HCT accord
ing to established con sen sus guide lines.82,112 Further, most of the 
published lit er a ture on the late effects of HCT for SCD is based 
on HCT for malig nan cies. There is, there fore, a need for a uni ver
sal, lon gi tu di nal clin i cal reg is try to fol low out comes after HCT 
for SCD.

Values and pref er ences of patients, fam i lies,  
and care giv ers
The deci sion to undergo HCT for SCD involves mak ing com plex 
tradeoffs between the prom ise of relief of dis ease man i fes ta
tions, sta bi li za tion of organ func tion, halt ing of dis ease pro gres
sion, and improve ment of lon gev ity and QoL, on the one hand, 
with sub stan tial treat ment bur den and mor bid ity in the short 
term, and the risk of new longterm sequelae such as CGVHD, 
infer til ity, and sub se quent malig nancy, on the other hand.24 Many 
fac tors are involved in patient and care giver deci sionmak ing for 
SCD.24,113,114 These include the unpre dict able onset and pro gres
sion of dis ease com pli ca tions, the repeated need to seek health 
care, a poor QoL, a wors en ing of dis easerelated com pli ca tions, 
the need to make major ther a peu tic deci sions, and con cerns 
about the longterm con se quences of SCD. Families that are 
aware of and have access to HCT, have strong fam ily sup port, 
and have an avail  able HLAiden ti cal sib ling donor are more likely 
to con sider HCT.113 Overall, fam i lies face deci sional con flict at 

lev els that result in deci sional delays or uncertainties.114 The per
cep tion that the cur rent dis ease bur den has become unac cept
able is a com mon con sid er ation for HCT for SCD among patients 
and their phy si cians.2224,113 The avail abil ity of an HLAiden ti cal sib
ling donor may be viewed as prov i den tial by par ents and is a 
sig nifi  cant fac tor when con sid er ing HCT. Some patients or care
giv ers will not con sider HCT at any level of risk.115,116 Almost three
quar ters of patients report being will ing to take a mod est risk of 
≥ 5% mor tal ity, whereas 57% are will ing to take the ≥ 10% risk of 
GVHD. Following a suc cess ful HCT, SCD patients and care giv ers 
do not report deci sional regret, even with active CGVHD.113

The phy si cian per spec tive on deci sion-mak ing
Their past expe ri ences and the out comes of pre vi ous patients 
may influ ence how phy si cians respond in mak ing rec om men da
tions to patients about seek ing HCT con sul ta tion. For exam ple, 
Bakshi et al, in a qual i ta tive study of phy si cian deci sionmak ing 
in dis easemod i fy ing ther apy for SCD, found that the phy si cian’s 
per cep tion of the sever ity of dis ease and the abil ity of a given 
patient to adhere to the med i ca tion and treat ment reg i men is also 
a sig nifi  cant con sid er ation in their recommending HCT for SCD.23

Socioeconomic sta tus and HCT for SCD
Racial and socio eco nomic disparities may adversely affect 
access to and out comes of HCT in minor ity pop u la tions.117,118 
There is also a sub stan tial regional dis par ity in donor search 
cov er age, trans plant pro ce dures, hos pi tal i za tions, med i ca tions, 
transportation, and lodg ing pro vided by dif fer ent states’ Med
ic aid pro grams for HCT.119 Mupfudze et al have described the 
bur den of nav i gat ing eli gi bil ity for Med ic aid, the peer review 
pro cess for var i ous com po nents and pro ce dures for HCT, the dif
fer ence between feeforser vice and com pre hen sively man aged 
plans, and the bur den that HCT poses to fam i lies seek ing HCT for 
SCD.120 Patients enrolled in Med ic aid had a lower EFS (HR, 2.36; 
95% CI, 1.443.85; P = .0006) and a higher cumu la tive inci dence of 
graft fail ure fol low ing HCT (HR, 2.57; 95% CI, 1.434.60; P = .0015) 
com pared to pri vately insured patients with SCD.121 Registry data 
pro vide no clue to the fac tors con trib ut ing to worse out comes 
among Med ic aidinsured patients. Afri can Amer i cans, His pan ics, 
and indi vid u als with Med ic aid cov er age have been dem on strated 
to have worse out comes fol low ing treat ment for hema to log i cal 
malig nan cies and fol low ing HCT.117,118,122124 These find ings pro vide 
the ratio nale for fur ther study of the com plex inter ac tion of psy
cho so cial func tion ing, health behav iors, racial and eth nic dispar
ities, poor socio eco nomic sta tus, and health care disparities on 
out comes of HCT in patients with SCD.117,118,122124

Future direc tions
Despite prog ress in the con di tion ing reg i mens, donor options, 
GVHD pro phy laxis, and out comes of allo ge neic HCT over the last 
25 years, HCT has been applied to a tiny pro por tion of patients 
with SCD. Advances in sev eral fields, includ ing ame lio ra tion of the 
risk of mor bid ity, mor tal ity, and longterm sequelae, are nec es
sary to increase the appli ca bil ity and accept abil ity of HCT for SCD. 
Antibodybased myeloablation approaches to trans plant con di
tion ing through the use of antickit antibodies, antickit anti body 
con ju gated to the drug saporin, a ribo someinactivating pro tein 
with potent cellcycleinde pen dent cyto toxic activ ity, and ckit 
targeted chi me ric anti gen recep tor T cells can reduce or elim i nate 
the need for che mo ther apybased con di tion ing reg i mens.125131 
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A nonchemotherapy con di tion ing reg i men can fur ther reduce 
acute mor bid ity related to mucositis and mar row aplasia, gonadal 
tox ic ity, and sub se quent malig nancy related to alkylators. The 
refine ment of GVHD pro phy laxis using posttransplant cyclo phos
pha mide or costimulatory block ade with abatacept can reduce 
acute GVHD and CGVHD and their sequelae. UCB is lim ited by 
both the avail abil ity of HLAmatched donors and the lim ited cell 
dose of avail  able UCB units. Exvivo expan sion of the cell dose of 
UCB units is likely to make more and pos si bly bet ter HLAmatched 
units avail  able. Advances in stem cell expan sion and stem cell 
engi neer ing, includ ing iden ti fy ing crit i cal cyto kines, pro teins, and 
small drug ago nists, have led to clin i cal pro to cols for expanding 
hema to poi etic stem cells and improved engraft ment. URD UCBT 
with omidubicel, a nic o tin amidebased, ex vivoexpanded UCB 
prod uct, is asso ci ated with rapid engraft ment but a high rate of 
GVHD in patients with SCD.132 Ongoing clin i cal tri als can refine 
the exvivo expan sion of hema to poi etic stem cells, with future 
appli ca tions to SCD.133 Pharmacokineticsdirected pre ci sion dos
ing can improve the safety and effi cacy of invivo Tcell deple tion 
with alemtuzumab and myeloablation with mel pha lan.134,135

Impaired fer til ity is an unin tended con se quence of the con di
tion ing reg i men. Improving the accept abil ity of HCT for SCD will 
require advo cacy with state gov ern ments to expand access to a 
fer til ity pres er va tion ben e fit, remove the spou sal require ment, 
expand the diag nos tic cri te ria, and include the ben e fit in Med ic aid 
plans.111 Further study of improv ing the aware ness of, access to, and 
out comes of HCT in under served pop u la tions can help us bet ter 
under stand how to make HCT promptly avail  able to a greater pro
por tion of SCD patients who could ben e fit from the pro ce dure.

The advances in HCT are occur ring con tem po ra ne ously with 
explo sive growth in clin i cal tri als of novel dis easemod i fy ing 
ther a pies, on the one hand, and gene ther apy strat e gies, on the 
other hand. How the inter ac tion of these devel op ments is likely 
to affect the future sta tus of HCT in the man age ment of SCD is 
unknown. Still, it is safe to say that we have embarked on a jour
ney of increased and improved ther a peu tic options for patients 
with SCD.

CLINICAL CASE (Con tin ued)
This 12yearold girl with HbSS with fea tures of severe dis ease 
phe no type is at risk for the longterm com pli ca tions of SCD. 
Her clin i cal course has remained severe despite a trial of HU, 
Lglu ta mine, and voxelotor. She has excel lent risk fac tors for 
HCT from her HLAiden ti cal sib ling. I would rec om mend that 
the hema tol o gist have a series of con ver sa tions with the fam ily 
to edu cate them about HCT and then refer them to HCT con
sul ta tion and explore research pro ce dures for ovar ian tis sue 
pres er va tion. If the fam ily pro vi des informed con sent, we will 
pro ceed to HCT with a pretransplant trans fu sion to lower HbS. 
During HCT we will main tain tar get Hb and plate let counts by 
trans fu sions, care fully man age BP, and main tain nor mal serum 
mag ne sium lev els to pre vent PRES.
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