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   Sickle cell dis ease (SCD) is poten tially cur able after allo ge neic hema to poi etic stem cell trans plan ta tion (HSCT) or autol o-
gous HSCT after ex vivo genetic mod i fi  ca tion. Autologous HSCT with gene ther apy has the poten tial to over come many 
of the lim i ta tions of allo ge neic HSCT that include the lack of suit able donors, graft - ver sus - host dis ease, the need for 
immune sup pres sion, and the poten tial for graft rejec tion. Signifi cant prog ress in gene ther apy for SCD has been made 
over the past sev eral decades, now with a grow ing num ber of clin i cal tri als inves ti gat ing var i ous gene addi tion and gene 
editing strat e gies. Available results from a small num ber of patients, some with rel a tively short fol low - up, are prom is-
ing as a poten tially cura tive strat egy, with cur rent efforts focused on con tinu ing to improve the effi  cacy, dura bil ity, and 
safety of gene ther a pies for the cure of SCD.  

   LEARNING OBJECTIVES 
    •  Describe the advances in gene ther apy for patients with sickle cell dis ease 
   •  Identify the risks and strat e gies to over come these lim i ta tions asso ci ated with gene ther apy for patients with 

sickle cell dis ease  

  CLINICAL CASE 
  A 27 - year - old man with homozygous sickle cell disease on 
hydroxy urea is inter ested in trans plan ta tion as a one - time 
treat ment strat egy. His dis ease course has been com pli-
cated by fre quent vaso - occlu sive pain cri ses, recur rent 
severe acute chest syn drome, fre quent trans fu sions with 
sub se quent iron over load, and pro tein uria. His pain cri ses 
have increased in fre quency and inten sity in his late ado-
les cence and early adult hood, requir ing more fre quent 
and lon ger hos pi tal i za tions and chronic opi oid use. He has 
been on hydroxy urea for more than 10 years, and despite 
good com pli ance and a max i mally tol er ated dose, his 
fetal hemo glo bin remains  < 20 % . His pain wors ened with 
crizanlizumab, and he does not have a matched sib ling.  

 Introduction 
 Sickle cell dis ease (SCD) is a life - lim it ing inherited hemo glo-
bin op a thy with sig nifi   cant com pli ca tions that worsen over 
the life span of a patient. The cur rently avail  able dis ease - 
mod i fy ing ther a pies are nec es sary but insuf fi  cient to 
address the grow ing bur den of dis ease, 1  and there fore, 
treat ment options that seek to fully elim i nate dis ease 
com pli ca tions, par tic u larly for those with the more severe 
forms of SCD, are needed. 

 The cur rent treat ment par a digm for indi vid u als with 
SCD cen ters on sup port ive care for acute com pli ca tions, 
drug ther a pies to reduce dis ease sever ity, or poten tial cure 
through hema to poi etic stem cell trans plan ta tion (HSCT). 2

Whereas the health and sur vival of chil dren with SCD have 
improved con sid er ably with the use of new born screen ing, 
pen i cil lin pro phy laxis, and immu ni za tions, mor tal ity rates 
for adults have wors ened in the same time frame. 3  Treat-
ment has there fore shifted from a life - threat en ing dis ease 
of chil dren to a chronic dis ease of adults, although irre vers-
ible and debil i tat ing com pli ca tions such as stroke can occur 
at any age. Disease - mod i fy ing ther a pies are not uni ver sally 
used, have var i able clin i cal responses, must be con tin ued 
indefi   nitely, require chronic mon i tor ing, and do not fully 
elim i nate dis ease com pli ca tions. Allogeneic HSCT from a 
human leu ko cyte anti gen – matched sib ling is cur rently the 
only established cura tive inter ven tion for SCD; how ever, 
broad use of this option is sig nifi   cantly lim ited by donor 
avail abil ity. While impor tant strides have been made with 
the use of alter na tive donor HSCT, spe cifi   cally haploidenti-
cal HSCT, to decrease graft rejec tion and graft - ver sus - host 
dis ease, higher rates of trans plant - related mor tal ity and 
mor bid ity limit the broad use of this ther apy. Furthermore, 
spe cial ized treat ment cen ters that can man age the trans-
plant and com plex posttransplant care restricts access 
for many patients. Given the lack of uni ver sally ben e fi  cial 
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dis ease-mod i fy ing ther a pies, the lack of avail  able human leu-
ko cyte anti gen–iden ti cal sib ling donors, the increased risks of 
com pli ca tions with alter nate donor HSCT, and the com plex care 
fol low ing allo ge neic HSCT, autol o gous HSCT after gene ther apy 
is a the o ret i cal uni ver sal cure for SCD that could elim i nate major 
lim i ta tions of allo ge neic trans plan ta tion. The his tor i cal per spec-
tive, cur rent state, and future con sid er ations of autol o gous gene 
ther apy for SCD are reviewed herein.

Historical perspective
The con cept that gene ther apy may ame lio rate human genetic 
dis eases emerged in the 1970s after it was dis cov ered that 
viruses could serve as a gene deliv ery sys tem4,5 (Figure 1). Proof 
of prin ci ple was first dem on strated in patients with advanced 
mel a noma,6 and the first clin i cal tri als in gene ther apy opened 
shortly there af ter. The first tri als focused on ex vivo cor rec-
tion of hema to poi etic stem cells (HSCs) from patients with 
pri mary immunodeficiencies (PIDs) using murine gammaretro-
viruses (spe cifi  cally the murine leu ke mia virus), as this vec tor 
sys tem per ma nently inte grates into the tar get cell, which is a 
nec es sary fea ture for vec tor sys tems aimed at self-renewing 
stem cells and their prog eny. The PIDs were an obvi ous early 
tar get given the rel a tively low-thresh old gene trans fer effi-
ciency needed in the set ting of a dis or der where there existed 
a strong nat u ral in vivo selec tion for gene-corrected cells. The 
long-awaited suc cess ful appli ca tion of human gene ther apy 
was indeed dem on strated first in X-linked severe combined 
immunodeficiency, but genotoxicity from inser tional muta-
gen e sis halted these ini tial stud ies after the ret ro vi ral vec tor 
inserted into protooncogenes driv ing a leu ke mia pro cess in 
sev eral patients.7-9

Initial chal lenges for gene trans fer in hemo glo bin op a thies 
included an inabil ity of gammaretroviral vec tors to carry the 
large β-glo bin gene and the nec es sary reg u la tory ele ments, the 
poten tial for silenc ing, and the lack of high-level glo bin gene 
expres sion.10 To over come these chal lenges, the use of lentiviral 
vec tors containing the β-glo bin locus con trol region enabled the 
first rever sal of β-thal as se mia in a mouse model by dem on strat-
ing viral transgene expres sion of nearly 20% of the total hemo-
glo bin using a human β-glo bin lentiviral vec tor with cru cial locus 
con trol region ele ments (TNS9 vec tor).11,12 A sim i lar lentiviral vec-
tor that substituted glu ta mine for thre o nine at amino acid 87 
(βT87Q ) resolved ane mia and reduced organ dam age in 2 SCD 
trans genic mouse mod els.13,14 The first clin i cal tri als inves ti gat ing 
gene ther apy in patients with β-thal as se mia and SCD there fore 
eval u ated ex vivo deliv ery of βT87Q using lentiviral trans duc tion. 
Simultaneously, the discovery of clustered regularly interspaced 
short palindromic repeats (CRISPR)/Cas9 for programmable 
editing was reported15 ushering in a novel genome editing strat-
egy for the cure of hemoglobin disorders.

A decade of lentiviral-based gene ther apy for SCD
Proof of con cept in a patient with β-thal as se mia, and later in 
a patient with SCD, was reported in 201016 and 2017,17 respec-
tively, using ex vivo lentiviral deliv ery of βT87Q into autol o gous 
HSCs. These first patients were among the group of ini tial 
patients treated with a lentiviral vec tor encoding βT87Q , ini tially 
tested in phase 1/2 stud ies known as HGB-204 (NCT01745120), 
HGB-205 (NCT02151526), and HGB-206 (NCT02140554). HGB-
204 focused on patients with trans fu sion-depen dent thal as se-
mia (TDT); HGB-205 treated 4 patients with TDT and 3 patients 
with SCD. Early reports dem on strated sta ble and dura ble 
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Figure 1. Historical timeline of gene therapy for sickle cell disease to present date. Highlights of decades of preclinical and clinical 
research leading to a possible FDA-approved autologous cell therapy product for sickle cell disease are presented. BLA, biologic 
license application; LCR, locus control region.



544 | Hematology 2023 | ASH Education Program

engraft ment of gene-mod i fied cells after myeloablative con-
di tion ing, lead ing to sta ble pro duc tion of the ther a peu tic 
hemo glo bin (HbAT87Q ).17,18 Success in HGB-204 led to sev eral 
phase 3 clin i cal tri als in patients with TDT (NCT02906202 and 
NCT03207009), resulting in US Food and Drug Administration 
(FDA) approval for the prod uct Zynteglo (LentiGlobin BB305, 
betibeglogene autotemcel) in 2022 as the first cell-based 
gene ther apy to treat adult and pedi at ric patients with TDT.19

Following proof of con cept in a sin gle patient with SCD in 
HGB-205, HGB-206 was ini ti ated as a large, mul ti cen ter study in 
patients with severe SCD. Data from the first cohort of patients 
(group A, n  =  7) using bone mar row–derived HSCs dem on-
strated a rel a tively low periph eral blood vec tor copy num ber 
(VCN) and mod est HbAT87Q pro duc tion, and there fore patients 
con tin ued to have stress eryth ro poi e sis and lacked a robust clin-
i cal ben e fit.20 Improvements were sub se quently made to the 
manufactur ing pro cess, resulting in higher VCN val ues in group 
B (n  =  2) and later to the col lec tion of a periph er ally mobi lized 
stem cell source with plerixafor, which was dem on strated to 
be safe and effec tive in patients with SCD and dem on strated a 
supe rior CD34+ qual ity21-24 in group C (n  =  35).20,25 Such improve-
ments now dem on strate high and sustained near-pancellular 
expres sion of HbAT87Q that was nearly 50% of total hemo glo-
bin by 6 months posttreatment. Clinically, there was a marked 
reduc tion in sickle hemo glo bin, reduc tion in the pro pen sity of 
red blood cells to sickle, near nor mal i za tion of hemo ly sis mark-
ers, and res o lu tion of severe vaso-occlu sive events. LentiGlobin 
BB305 (bb1111, lovotibeglogene autotemcel) for SCD is being 
eval u ated in a phase 3 study (NCT04293185) in both chil dren 
and adults with SCD and was sub mit ted for FDA approval for 
adults with severe SCD in the spring of 2023 (Table 1).

Additional phase 1/2 stud ies have inves ti gated lentiviral 
vec tor deliv ery of either wild-type βA-glo bin (NCT01639690, 
NCT02453477, NCT03276455), βAS3 antisickling glo bin 
(NCT03964792), γ-glo bin (NCT02186418), or deliv ery of a trans-
gene that results in ery throid-spe cific expres sion of a short hair-
pin RNA targeting BCL11A, lead ing to knock down of this crit i cal 
repres sor of fetal hemo glo bin (HbF) (NCT03282656) (Table 1). Of 
these, lentiviral deliv ery of a short hair pin RNA targeting BCL11A 
dem on strated sta ble HbF induc tion (per cent age HbF/[F + S] at 
most recent fol low-up, 20.4% to 41.3%), with HbF broadly dis-
trib uted in red cells (F cells 58.9% to 93.6% of untransfused red 
cells) and HbF per F cell of 9.0 to 18.6  pg per cell,26 and is now 
being inves ti gated in a phase 3 study (NCT05353647).

Two cases of acute mye loid leu ke mia (AML) were reported 
fol low ing gene addi tion ther apy for SCD; impor tantly, in both 
cases, it was deter mined the AML was unre lated to the lentivi-
ral vec tor, as was pre vi ously documented in patients with early 
PID treated with gammaretroviral vec tors.27,28 The 2 patients who 
devel oped AML were among the first 7 patients treated in the 
phase 1/2 trial of LentiGlobin BB305 for SCD (NCT02140554) 
pro duced from bone mar row–harvested HSCs using an ear lier 
ver sion of the drug prod uct manufactur ing pro cess. Current 
the o ries sug gest the stress of switching from homeo static to 
regen er a tive hema to poi e sis by transplanted cells drives clonal 
expan sion and leu ke mo genic trans for ma tion of preexisting pre-
ma lig nant clones, even tu ally resulting in AML/myelodysplastic 
syn drome.29 Bone mar row har vests as the cell source resulted 
in lower cell doses with fewer CD34hi/+ long-term HSCs, likely 
increas ing pro lif er a tive stress on the repopulating cells. Low 
drug prod uct VCNs for these patients resulted in mod est trans-
gene expres sion and an inad e quate ther a peu tic response. These 
patients con tin ued to expe ri ence hemo ly sis and per sis tent ane-
mia, resulting in transplanted and endog e nous bone mar row 
cells con tinu ing to expe ri ence hema to poi etic stress posttreat-
ment, pro vid ing a fur ther oppor tu nity for accu mu la tion of muta-
tions. To date, no cases of inser tional onco gen e sis have been 
reported in gene addi tion tri als using lentiviral vec tors for TDT 
or SCD. There are no reports of leu ke mia in the 63 patients with 
β-thal as se mia who received drug prod ucts manufactured with 
the iden ti cal BB305 LVV used for man u fac ture of LentiGlobin for 
SCD in sep a rate clin i cal tri als, suggesting a unique ness to the 
path o phys i  ol ogy of SCD. Constant eryth ro poi etic stress with 
dysregulated hema to poi e sis, chronic inflam ma tion, repeat bony 
infarc tion, and the pos si bil ity of preexisting clonal hema to poi e-
sis of indeterminant poten tial–related muta tions com pound the 
already known risks asso ci ated with genotoxic con di tion ing, 
autol o gous HSCT, and an increased rel a tive but low abso lute risk 
of AML/myelodysplastic syn drome in this patient pop u la tion.30-33

In total ity, the reported data from the com pleted or ongo ing 
tri als encompassing gene addi tion ther a pies using lentiviral vec-
tors sup port this mode of treat ment to be an effi ca cious option 
with an accept able safety pro file for patients with TDT and SCD. 
To date, no cases of graft-ver sus-host dis ease or immune rejec-
tion have been reported, there have been no cases of inser tional 
onco gen e sis, and the over all safety pro files of the ongo ing and 
com pleted stud ies are gen er ally con sis tent with that of HSCT 
requir ing myeloablative con di tion ing and of the under ly ing 

Table 1. Investigational lentiviral vec tor–based autol o gous cell ther apy prod ucts for sickle cell dis ease

Product Sponsor Technology Effect Activation Status

Lovotibeglogene 
autotemcel

Bluebird bio Lentiviral gene  
addi tion

BB305 LVV/bA-T87Q

(antisickling)
2014 Submitted BLA  

spring 2023

ARU-1801 Aruvant Sciences  
GmbH

Lentiviral gene  
addi tion

LVV/γ-glo bin (G16D) 
(antisickling)

2014 Active, not recruiting

DREPAGLOBE Assistance Publique–
Hopitaux de Paris

Lentiviral gene  
addi tion

GLOBE LVV/bA 
(nonsickling)

2019 Active, not recruiting

BCH-BB694 Bos ton Children’s 
Hospital

Lentiviral gene  
addi tion

shRNA targeting 
 BCL11A (antisickling)

2018 Phase 3

BLA, bio logic license appli ca tion; LVV, lentiviral vec tor; shRNA, short hair pin RNA.
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dis ease. While the 2 reports of AML after gene addi tion have 
excluded the genetic tech nol ogy itself, the long-term risks of 
sec ond ary malig nancy after gene ther apy are unknown. Given 
lim ited fol low-up to date and poten tially sig nifi  cant risks asso-
ci ated with genetic mod i fi ca tions, patients are required to be 
followed long term in accor dance with the FDA’s guide lines for 
par tic i pants who receive inves ti ga tional genet i cally mod i fied 
cel lu lar prod ucts.

Advances in gene editing for SCD
Multiple gene editing ther a pies for SCD are cur rently in clin i-
cal devel op ment and include gene knock down of reg u la tors of 
fetal hemo glo bin, gene editing of glo bin reg u la tory ele ments, 
and direct glo bin gene editing, with targeted nucle ases such 
as zinc-fin ger nucle ases, CRISPR/Cas9, and, more recently, with 
base or prime edi tors. The major advan tage of these meth ods 
over gene addi tion strat e gies is the abil ity to sig nifi  cantly reduce 
or entirely avoid non spe cific inte gra tion that may lead to inser-
tional onco gen e sis, although risks of off-tar get editing, del e te ri-
ous on-tar get editing, or con se quences of dou ble-strand breaks 
remain sig nifi  cant.34-40

Most gene editing clin i cal tri als for SCD have sought to 
increase endog e nous HbF expres sion through knock down of 
BCL11A, either targeting the BCL11A ery throid enhancer on chro-
mo some 2 or targeting the HbF repres sor bind ing sites on chro-
mo some 11. Two stud ies (NCT04819841 and NCT04774536) aimed 
to cor rect the under ly ing bS glu ta mate to valine amino acid sub-
sti tu tion at posi tion 6 (E6V) in SCD by editing the β-glo bin gene 
and achiev ing repair via homol ogy-directed repair by pro vid ing 
tem plate DNA, but 1 study closed after the first patient devel-
oped pan cy to pe nia,41 and the other is not yet recruiting patients.

CTX001 (exagamglogene autotemcel, exa-cel) is an inves ti-
ga tional autol o gous cell ther apy that uses CRISPR/Cas9 to dis-
rupt the BCL11A ery throid enhancer to increase endog e nous HbF 
(NCT03745287). As of Feb ru ary 2022, 31 patients with SCD (age 
22.5 [12-34] years) had been infused with exa-cel (fol low-up 9.6 
[2.0-32.3] months).42 The mean pro por tion of HbF was >20%, 
and total hemo glo bin lev els were >11  g/dL 3 months postinfu-
sion, with editing rates of 86.6% in the bone mar row CD34+ HSCs 

6 months postinfusion. All patients remained vaso-occlusive crisis 
(VOC)-free, and there were no seri ous adverse events, includ-
ing deaths, dis con tin u a tions, or malig nan cies. Exagamglogene 
autotemcel (exa-cel) was sub mit ted for FDA approval for SCD 
and β-thal as se mia in the spring of 202343 (Table 2).

Two other ther a pies in devel op ment, SAR445136 (for merly 
BIVV003) and OTQ923, have presented early data but have 
been stalled in fur ther devel op ment (Table 2). SAR445136 (for-
merly BIVV003) is an autol o gous cell ther apy in devel op ment 
that uses zinc-fin ger nucle ases to dis rupt the BCL11A ery throid 
enhancer (NCT03653247, PRECIZN-1 study). Thus far, 5 patients 
have been treated with SAR445136 with up to 125 weeks of 
 fol low-up.44,45 HbF frac tions increased to 12.2% to 41.2%, and 
3 patients sustained a pro tec tive level of ≥10   pg HbF/F cell at 
fol low-up with out any fur ther VOCs. One patient who did not 
sus tain a HbF/F level ≥10   pg per cell expe ri enced 2 severe VOCs 
at 9 and 16 months postinfusion. OTQ923 is an autol o gous CRIS-
PR/Cas9-edited CD34+ cel lu lar prod uct with a targeted dis rup-
tion of the HBG1/HBG2 pro mot ers on chro mo some 11. As of 
July 8, 2022, 2 par tic i pants had received OTQ923, with fol low-
ups of 9 months and 3 months, respec tively, and HbF lev els of 
22% and 15.9%, respec tively.46 Further devel op ment of OTQ923 
has been suspended, and the focus has shifted on devel op ing 
in vivo editing.47 EDIT-301 and BEAM-101 are strat e gies using 
 CRISPR/Cas12a to tar get the gamma-glo bin pro moter and a 
base edi tor to tar get BCL11A expres sion, respec tively (Table 2). 
Data from these stud ies are not cur rently avail  able.

To date, cumu la tive data from the ongo ing gene editing 
clin i cal tri als for SCD sug gest gene editing of the BCL11A ery-
throid enhancer could be an effec tive mech a nism to induce HbF 
expres sion, whereas other stud ies have dem on strated that the 
need for suf fi cient HbF/F-cell induc tion, regard less of meth od ol-
ogy, is impor tant to achieve ther a peu tic ben e fit.

The future of gene ther apy for SCD
Future iter a tions of gene ther a pies for SCD are cur rently in pre-
clin i cal devel op ment and focus on over com ing the existing 
bar ri ers of cur rent ex vivo strat e gies. Critical areas of under-
stand ing, improve ment, and explo ra tion of gene ther apy for 

Table 2. Investigational gene-edited autol o gous cell ther apy prod ucts for sickle cell dis ease

Product Sponsor Technology Effect Activation Status

CTX001 Vertex Pharmaceuticals 
Incorporated

CRISPR/Cas9 Editing CRISPR-Cas9/BCL11A ery throid 
enhancer (antisickling)

2018 Submitted BLA 
spring 2023

BIVV003 (now 
called SAR445136)

Sangamo Therapeutics CRISPR/Cas9 editing ZFN/BCL11A ery throid  
enhancer (antisickling)

2019 Further devel op ment 
discontinued

OTQ923/HIX763 Novartis  
Pharmaceuticals

CRISPR/Cas9 Editing CRISPR-Cas9/BCL11A 
(antisickling)

2020 Further devel op ment 
discontinued

GPH101 Graphite Bio, Inc. CRISPR/Cas9 HDR CRISPR-Cas9/bS > bA  
(nonsickling)

2021 Further devel op ment 
discontinued

EDIT-301 Editas Medicine, Inc. CRISPR/Cas912a  
editing

CRISPR-Cas9/HGB1/2 
(antisickling)

2021 Active, data not 
reported

CRISPR_SCD001 UCSF Benioff Children’s 
Hospital Oakland

CRISPR/Cas9 HDR CRISPR-Cas9/bS > bA

(nonsickling)
2021 Not yet recruiting

BEAM-101 Beam Therapeutics Base Editing Base editing BCL11A ery throid 
enhancer (antisickling)

2022 Not yet recruiting

BLA, bio logic license appli ca tion; HDR, homol ogy-directed repair; ZFN, zinc fin ger nucle ase.
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hemo glo bin op a thies are 3-fold: safe col lec tion of an ade quate 
quan tity of long-term HSCs, long-term expres sion with ade-
quate engraft ment of gene-mod i fied cells with min i mal tox ic ity 
to patients, and safe, effi cient, and cost-effec tive manufactur ing 
tech niques enabling equi ta ble access to ther a pies, includ ing in 
vivo gene deliv ery.

Data sug gest plerixafor mobi li za tion is safe, effi cient, and capa-
ble of yield ing suf fi cient HSC quan ti ties in most patients for clin i-
cal gene ther apy appli ca tions,21-24 although expanded options are 
urgently needed for those who do not mobi lize suf fi ciently with 
plerixafor alone, par tic u larly given the need for mul ti ple mobi li za-
tion cycles to col lect suf fi cient quan ti ties of HSCs for manufactur-
ing.48 Concerns regard ing toxic con di tion ing, infer til ity, and 
sec ond ary malig nancy remain sig nifi  cant, lead ing to the devel op-
ment of mul ti ple reduced tox ic ity con di tion ing strat e gies, largely 
anti body based.49-51 Recently, a mul ti plex base-edited engineered 
HSC includ ing a ther a peu tic edit at the gamma-glo bin pro moter 
and a mis sense muta tion in the extra cel lu lar domain of CD117 
(cKIT), a recep tor tyro sine kinase expressed by hema to poi etic 
stem and pro gen i tor cells (HSPCs) that reg u lates HSPC sur vival, 
pro lif er a tion, and dif fer en ti a tion, was reported.52 Eighty per-
cent of biallelic CD117 editing and near-com plete editing of the 
HbF locus were achieved, and treat ment of HSPCs with an anti-
CD117 mono clo nal anti body in vitro resulted in >85% reduc tion 
in via bil ity of uned ited HSPCs, while CD117-edited cells remained 
unaf fected. A sim i lar model is being trialed using base editing to 
pro duce HbG-Makassar along with a muta tion in CD117.53 Such 
strat e gies may enable less toxic pretransplant con di tion ing for 
autol o gous HSC-based SCD ther a pies and rep re sent a prom is ing 
poten tial alter na tive to busul fan-based myeloablative reg i mens 
that may pre serve fer til ity.

Last, the over all projected costs of and equi ta ble access to  
ex vivo gene ther a pies have fueled the ongo ing pre clin i cal devel-
op ment of in vivo gene ther a pies,54 which could prove to be more 
por ta ble and require less infra struc ture, thus expanding access 
to these crit i cal ther a pies. Whereas costs for gene ther apy are 
high, gene ther apy may be more cost-effec tive than a life time 
of emerg ing dis ease-mod i fy ing ther a pies55 or more cost-effec tive 
than allo ge neic trans plan ta tion as a result of sig nifi  cantly less 
costs in the posttransplant period.56 Additional costs for gene 
ther apy occur largely in the pretransplant and manufactur ing 
stage; there fore, in vivo deliv ery meth ods that do not require 
stem cell mobi li za tion or manufactur ing to facil i tate deliv ery are 
needed. Safe, in vivo deliv ery of CRISPR/Cas9 is pos si ble for 
the treat ment of human dis ease,57 and targeting of CD117 lipid 
nanoparticles that can deliver RNA to HSCs in vivo is being inves-
ti gated.45,58 In vivo HSC prime editing was recently shown to res-
cue SCD in a mouse model59 and may rep re sent a sim pli fied and 
por ta ble strat egy for autol o gous HSC-based SCD gene ther apy.

Conclusion
Gene ther apy for SCD has the poten tial to be cura tive, with pre-
lim i nary data show ing small successes that have improved over 
time, now with at least 2 cell ther apy meth ods sub mit ted for 
FDA approval. Early data in both gene addi tion and gene editing 
tri als for SCD sug gest the pos si bil ity of a future free from vaso-
occlu sive events, improve ment in qual ity of life, and clin i cally 
mean ing ful improve ments in patient out comes. Data are lim-
ited by the small num ber of patients treated, a rel a tively short 
 fol low-up period, and con cerns regard ing long-term safety; 

how ever, hope remains for a large pop u la tion of patients with 
SCD in need of cura tive ther a peu tic options. For the patient pre-
sented in this case, trans plan ta tion with autol o gous HSCs mod-
i fied either by lentiviral vec tor gene addi tion or by gene editing 
to raise HbF is a via ble strat egy to offer this patient who does not 
have a matched sib ling, whose dis ease is wors en ing with age, and 
who is inter ested in a cura tive option. The risks of these ther a pies 
should be well explained and well under stood for this patient, 
who must weigh sig nifi  cant risks against the pos si ble ben e fit of a 
clin i cally mean ing ful cure after autol o gous gene ther apy.
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