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Abstract

Background and Objective Gene therapies for sickle cell disease (SCD) may offer meaningful benefits for patients and soci-
ety. This study evaluated the cost-effectiveness of lovotibeglogene autotemcel (lovo-cel), a one-time gene therapy adminis-
tered via autologous hematopoietic stem cell transplantation, compared with common care for patients in the United States
(US) with SCD aged > 12 years with > 4 vaso-occlusive events (VOEs) in the past 24 months.

Methods We developed a patient-level simulation model accounting for lovo-cel and SCD-related events, complications,
and mortality over a lifetime time horizon. The pivotal phase 1/2 HGB-206 clinical trial (NCT02140554) served as the
basis for lovo-cel efficacy and safety. Cost, quality-of-life, and other clinical data were sourced from HGB-206 data and the
literature. Analyses were conducted from US societal and third-party payer perspectives. Uncertainty was assessed through
probabilistic sensitivity analysis and extensive scenario analyses.

Results Patients treated with lovo-cel were predicted to survive 23.84 years longer on average (standard deviation [SD],
12.80) versus common care (life expectancy, 62.24 versus 38.40 years), with associated discounted patient quality-adjusted
life-year (QALY) gains of 10.20 (SD, 4.10) and direct costs avoided of $1,329,201 (SD, $1,346,446) per patient. Predicted
societal benefits included discounted caregiver QALY losses avoided of 1.19 (SD, 1.38) and indirect costs avoided of
$540,416 (SD, $262,353) per patient. Including lovo-cel costs ($3,282,009 [SD, $29,690] per patient) resulted in incremen-
tal cost-effectiveness ratios of $191,519 and $124,051 per QALY gained from third-party payer and societal perspectives,
respectively. In scenario analyses, the predicted cost-effectiveness of lovo-cel also was sensitive to baseline age and VOE
frequency and to the proportion of patients achieving and maintaining complete resolution of VOEs.

Conclusions Our analysis of lovo-cel gene therapy compared with common care for patients in the US with SCD with
recurrent VOEs estimated meaningful improvements in survival, quality of life, and other clinical outcomes accompanied
by increased overall costs for the health care system and for broader society. The predicted economic value of lovo-cel gene
therapy was influenced by uncertainty in long-term clinical effects and by positive spillover effects on patient productivity
and caregiver burden.

1 Introduction blood flow and oxygen delivery to the body and results in

vessel obstruction and anemia [1, 2]. Sickle cell disease is
Sickle cell disease (SCD) refers to a heterogeneous group characterized by frequent and debilitating vaso-occlusive
of genetic abnormalities affecting hemoglobin, the oxygen-  events (VOEs) (e.g., pain crises), stroke, and multisystem
carrying protein in red blood cells (RBCs) [1]. The sickled =~ organ damage and organ infarction [2], leading to a lifes-
RBCs characteristic of SCD are more rigid and adherent and ~ pan cut short by several decades [3, 4]. These events and
have a shorter lifespan than normal RBCs, which impairs ~ complications result in broad impacts to quality of life,
social functioning, and attainment of personal, educational,
and financial goals [5, 6]. Life expectancy for the approxi-
Extended author information available on the last page of the article mately 100,000 individuals living with SCD in the United
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Key Points for Decision Makers

One-time gene therapies for sickle cell disease have the
potential to deliver meaningful clinical and economic
benefits for patients and society. We developed a lifetime
economic model to predict the cost-effectiveness, or
value for money, of lovo-cel gene therapy for patients
with sickle cell disease and recurrent vaso-occlusive
events in the United States using evidence from the
pivotal HGB-206 clinical trial (NCT02140554) and the
published literature.

Our analysis predicted meaningful improvements in
survival, quality of life, and other clinical outcomes for
lovo-cel gene therapy compared with common care. The
costs associated with lovo-cel were partially offset by
predicted reductions in other health system and societal
Costs.

Our findings highlight the contribution of positive
spillover effects, such as patient productivity gains and
reduced caregiver burden, to the potential economic
value of lovo-cel gene therapy in the United States. The
cost-effectiveness of lovo-cel was also found to be sensi-
tive to patients’ baseline age and severity levels and to
uncertainty in long-term effects.

States (US) today is estimated at 52.6 years [7, 8], although
for those with hemoglobin SS (HbSS) or SBO-thalassemia
(HbSPB®) genotypes, disease severity is much greater and life
expectancy estimates are closer to 40 years [8, 9].

Although the adoption of clinical practice guidelines for
SCD newborn screening, management, and treatment in
recent decades has shifted the burden of disease and risk of
early death from childhood into adulthood [10, 11], signifi-
cant unmet need remains. For most individuals with SCD
today, disease management involves lifelong use of acute
and chronic therapies, including opioid and nonopioid pain
management, hydration therapy, RBC transfusion, hydrox-
yurea (HU), and other newer disease-modifying therapies
(L-glutamine, crizanlizumab, and voxelotor) [9, 12]. For the
limited group of individuals with a suitable human leuko-
cyte antigen (HLA)—matched sibling donor [13], allogeneic
hematopoietic stem cell transplantation (HSCT) offers a
potential cure [14].

Lovotibeglogene autotemcel (Lyfgenia™, henceforth
“lovo-cel”) is a one-time gene therapy approved by the US
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Food and Drug Administration (FDA) for the treatment
of patients 12 years of age or older with SCD and a his-
tory of VOEs [15]. Lovo-cel uses autologous transplanta-
tion of hematopoietic stem cells (HSC) transduced with
a BB305 lentiviral vector encoding a modified p-globin
gene, which produces an anti-sickling hemoglobin (Hb),
HbATQ, Patients” HSCs are mobilized and collected via
apheresis, transduced in the laboratory with the gene to
produce HbA™7Q and, after myeloablative conditioning,
infused back to the patient. Lovo-cel has demonstrated sus-
tained efficacy—as well as a safety profile consistent with
autologous HSCT requiring myeloablative conditioning—
across a clinical trial program that includes the completed
phase 1/2 HGB-205 (NCT02151526) and phase 1/2 HGB-
206 (NCT02140554) studies and the ongoing LTF-307
(NCT04628585) and phase 3 HGB-210 (NCT04293185)
studies [16]. In the pivotal phase 1/2 HGB-206 primary
efficacy analysis, which has follow-up data up to 61 months
after transplantation, 87.5% of individuals achieved com-
plete resolution (i.e., 100% reduction) of VOEs (VOE-CR)
during months 6 through 18 after transplantation [15]. On
secondary endpoints, sustained total Hb levels and HbATQ
anti-sickling fractions were observed [17]. Because lovo-
cel uses autologous HSCT and does not require an HLA-
matched donor, its approval in the US could result in
expanded access to potentially curative treatments for SCD.

Cell and gene therapies, such as lovo-cel, constitute both
an increasing percentage of the total drug development pipe-
line as well as an increasing share of new drug approvals [18,
19]. These technologies hold great promise for patients, their
care networks, and broader society, but they are also prompt-
ing important discussions on value, access, and affordability
[20, 21]. Economic evaluation is a tool for priority setting
of healthcare expenditures and is increasingly employed in
the US setting to understand the value of novel therapeutics
and to inform coverage and reimbursement decisions. This
context has shaped a number of recent economic evaluations
of the gene therapies for SCD in the US [22-29]. The aim
of this study was to leverage the latest available HGB-206
data from February 2023 in a cost-effectiveness analysis of
lovo-cel in comparison with common care for patients with
SCD with recurrent VOEs.

2 Methods

We designed, conducted, and validated our cost-effective-
ness analysis in alignment with good modeling practice
guidelines and recommendations [30-32]. The scope and
design of the model were informed by a structured review
of the clinical and economic literature in SCD and refined
through a collaborative process with patient and expert
clinical perspectives, including an individual with SCD
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and hematologists with experience treating and managing
SCD in pediatric and adult populations. We also convened
a panel of independent clinical and economic advisors to
solicit feedback on the validity of our approach.

2.1 Modeling Approach

We developed a patient-level simulation modeling approach
to predict the lifetime health and economic outcomes of
patients with SCD treated with lovo-cel in comparison with
common care (Fig. 1). Among economic modeling meth-
odologies [30], this approach is best suited to reflect the
heterogeneity of the SCD population, the comprehensive
set of SCD-related events and complications potentially
impacted by a gene therapy, and the time-dependent relation-
ships between events, complications, and mortality in SCD
[30, 33]. This rationale is similarly reflected in other recent
cost-effectiveness modeling frameworks for gene therapies
in SCD [22, 23, 29].

The model specification details are presented in Table 1.
The target population was aligned with the transplant popu-
lation for VOE (TPVOE) baseline criteria in the HGB-206
clinical trial (see Table S1 in the Supplementary Informa-
tion for subject disposition details) [15, 34, 35]. We mod-
eled a population reflecting the HGB-206 TPVOE criteria
(age of > 12 years with > 4 VOE:s in the prior 24 months),
which is a narrower and potentially more severe subset of
the approved lovo-cel indication (age of > 12 years with any
history of VOEs) [15]. The target intervention was one-time
treatment with lovo-cel gene therapy administered accord-
ing to the HGB-206 Group C treatment protocol as author-
ized by the FDA [15, 35]. The comparator was common
care for SCD, which includes proportions of patients treated
with HU or chronic exchange RBC transfusions. Emerging
disease-modifying therapies for SCD (L-glutamine, crizan-
lizumab, and voxelotor) were not considered as compara-
tors, as their use remains limited in the US [36]. Similarly,
allogeneic HSCT was not considered as a comparator due to
lovo-cel protocol specifications (exclusion of subjects with
a willing matched sibling donor) [35] as well as the low
proportion of patients with SCD for whom this treatment is
an option [13].

Other model settings were defined in accordance with US
cost-effectiveness modeling guidelines and recommenda-
tions [30, 37, 38]. We used a lifetime time horizon to reflect
the progressive, lifelong nature of SCD [37, 38]. The analy-
sis perspective determines the scope of outcomes included;
we considered co-base-case analyses from both a US third-
party payer perspective (including patient health outcomes
and direct medical costs only) and a US societal perspective
(including caregiver quality-of-life impacts and indirect
costs related to productivity loss and unpaid caregiving)
[37-39]. Discount rates were used to calculate the present

value of future costs and health outcomes [37]. The model
was programmed in Microsoft Excel (RRID:SCR_016137)
for Windows with Visual Basic for Applications (Microsoft
Corporation).

2.2 Model Structure

According to the model framework (Fig. 1), a simulated
cohort of individual patients meeting the target population
criteria was created. Each individual patient was simulated
twice, once assuming treatment with common care and once
with lovo-cel. Accounting for baseline demographics and
SCD status, the model used an annual cycle length to predict
patient-level trajectories of acute events, chronic complica-
tions, and mortality over time.

Selection of the seven acute events and nine chronic com-
plications included in the model (Table 1 and Fig. S1 in
the Supplementary Information) was informed by the HGB-
206 protocol-defined VOE endpoint, the SCD clinical and
economic literature, and recommendations from clinician
and patient advisors. Events in the HGB-206 VOE endpoint
(vaso-occlusive crisis [VOC], acute chest syndrome [ACS],
priapism, and splenic sequestration) were included in the
model as separate events. The primary factors for selecting
other events and complications for inclusion in the model
were established precedent from prior SCD economic mod-
els and the strength of supporting evidence from the lit-
erature (see the Supplementary Information for additional
details on our literature review). Additional patient-relevant
outcomes, such as pain, fatigue, depression, and anxiety,
were assumed to be reflected in the health-related quality-
of-life (HRQOL) estimates used in the model. The fertil-
ity impacts of SCD and of the myeloablative conditioning
required for autologous HSCT were not modeled, although
fertility preservation costs were included for patients receiv-
ing lovo-cel.

The lovo-cel treatment effect was modeled over patients’
remaining lifetimes according to the achievement and main-
tenance of VOE-CR, reduction in VOEs relative to baseline
for those without VOE-CR, and change from baseline in
total Hb levels for all patients [15, 17]. The VOE treatment
effect also included reduced frequency of severe VOEs as
defined in the HGB-206 protocol [15, 35]. We assumed no
reduction in VOEs during the first 6 months to account for
the lovo-cel engraftment period. All VOE efficacy outcomes
reflect HGB-206 TPVOE Group C data after central adjudi-
cation of clinician-identified VOEs.

Based on the assumption that VOE-CR represents a cura-
tive level of impact for patients receiving lovo-cel, our cli-
nician advisors developed a categorization for the impact
of lovo-cel on SCD events, complications, and mortality
in which the age of treatment serves as proxy for preex-
isting disease-related morbidity (Fig. 2). Specifically, this
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Baseline patient characteristics

* Age, sex, race

+ Genotype, total Hb, VOE rate

+ HU and chronic transfusion use
+ Acute event history

+ Chronic complication prevalence

lovo-cel

Treatment effect

+ VOE-CR or VOE reduction
+ Change in total Hb
+ Stop HU and transfusions

Common care

v

Annual
> model

cycle

Update treatment effect

+ lovo-cel only

+ Complete or partial loss of VOE
or Hb effect (if applicable)

+ Resume HU or transfusions
(complete loss of effect only)

incidence rates

complications)

(lovo-cel only)

Update patient status

Acute events®?
+ Age- and genotype-specific
+ Rate ratios (Hb, other events or

+ Treatment effect, including
reductions due to VOE-CR

Chronic complications®

+ Age- and genotype-specific
development probabilities

+ Probabilities of resolution or
progression (if applicable)

* Risk ratios (Hb, other events
or complications)

+ Treatment effect, including
reductions due to VOE-CR
(lovo-cel only)

«

(for those surviving)

Fig.1 Model structure. Hb hemoglobin, HU hydroxyurea, SCD
sickle cell disease, VOC vaso-occlusive crisis, VOE vaso-occlusive
event, VOE-CR complete resolution of vaso-occlusive events. * Num-
ber of each event per year sampled from annual incidence rates that
vary over time. ® Timing of incidence for each complication sampled

framework categorizes events and complications into those
covered by the VOE endpoint (VOC, ACS, priapism, splenic
sequestration), those with evidence-based links to total Hb
levels (stroke, pulmonary hypertension, and chronic kidney
disease), those driven primarily by sickling blood cells and
hemolysis (avascular necrosis, gallstones, and neurocogni-
tive impairment [excluding due to overt stroke]), and those
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+ Age- and genotype-specific SCD risk

+ SCD mortality ratios (VOCs,
multi-organ damage, myeloablative
conditioning)

+ Reductions due to VOE-CR
(lovo-cel only)

Death
(exit model)

from cumulative complication-free survival curves that are updated
each year based on annual development probabilities. © Timing of
death sampled from cumulative survival curves that are updated each
year based on annual mortality risks

driven partly by sickling blood cells and hemolysis and
partly by vascular damage (venous thromboembolism, retin-
opathy, heart failure, chronic lung disease, and leg ulcers).
In the context of the framework presented in Fig. 2, direct
risk reductions refer to treatment effects applied directly to
event and complication risks (e.g., reduction in the rate of
VOC:s by virtue of the VOE-CR endpoint), and indirect risk
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reductions refer to those stemming from evidence-based
relationships with other events or complications (e.g., reduc-
tion in the risk of avascular necrosis by virtue of not having
arecent VOC hospitalization).

The resulting framework for reductions in the risk of
events, complications, and mortality for patients with
VOE-CR reflects our clinically informed understanding of
the relationship between the lovo-cel mechanism of action
(erythroid precursor production of anti-sickling HbATQ)
and disease pathogenesis through hemolysis, vaso-occlusion,

and vasculopathy. For patients not achieving VOE-CR, par-
tial reductions in VOE risk and increases in total Hb levels
were linked to indirect reductions in the risk of other events,
complications, and mortality based on evidence-based rela-
tionships identified in the SCD clinical literature. Regardless
of VOE-CR status, the model does not assume that lovo-cel
reverses any chronic complications present at the time of
treatment. This clinician-informed framework is novel to
our analysis and is intended to provide a balanced view of
the potential long-term clinical benefits following lovo-cel
therapy.

Category of
lovo-cel impact

Events and
complications

VOC, ACS, priapism,
splenic sequestration

Description

Included in HGB-206
VOE definition

Impact for those
with VOE-CR

100% direct reduction in
the risk of VOEs

Impact for those
without VOE-CR

Partial (< 100%)
direct reduction in the
risk of VOEs

Indirectly linked to
ComelctHe: Stroke, PH, CKD HGB-206 total
to tota Hb endpoint

Hemolytic
complications

Hemolytic and

Indirect risk reduction
based on Hb relationships
in the SCD literature

Indirect risk reduction
based on Hb relationships
in the SCD literature

AVN, gallstones,

neurocognitive impairment

(excluding stroke)

Driven by sickling blood
cells and hemolysis

Assumed direct risk
reduction (approaching
general population levels)

Base case assumption:
95% reduction, not
correlated with age at
treatment

Indirect risk reduction only
based on VOCs and other
relationships in the SCD
literature

VTE, retinopathy, HF,

Driven partly by sickling

Assumed direct risk
reduction (approaching
general population levels)

Indirect risk reduction only

. . blood cells and hemolysis . based on VOCs and other
Vascu'_ar : chronllc Iunlg disease, and partly by vascular Base case assumption: | glationships in the SCD
complications eg ulcers damage 95%/85%/70% reductions literature
for ages 12-17/18-30/>30
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No direct risk reduction; 8 . .
. - Ao ; ; ; Indirect risk reduction only
n q Driven by existing spleen | indirect risk reduction only S
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and vascular damage reductions relative to literature
general population for
ages 12-17/18-30/>30
years at treatment

Fig.2 Framework for lovo-cel’s impact on events, complications, and
mortality. ACS acute chest syndrome, AVN avascular necrosis, CKD
chronic kidney disease, Hb hemoglobin, HF heart failure, PH pul-
monary hypertension, SCD sickle cell disease, VOE vaso-occlusive
event, VOE-CR complete resolution of vaso-occlusive events, VTE

venous thromboembolism. *The VOE definition in HGB-206 clini-
cal trial protocol also included acute hepatic sequestration. This event
was not included in the analysis due to a lack of supporting evidence
in the SCD clinical literature (see Supplementary Information for
additional details)
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2.3 Model Parameters
2.3.1 Clinical Parameters

The individual patients included in the modeled cohort were
simulated from aggregated demographic and SCD status
data from the HGB-206 TPVOE population (Table 1 and
Table S2 in the Supplementary Information). Common care
treatment use (HU, chronic RBC transfusions, or neither)
at baseline was derived from published literature [40] and
clinical opinion. For the common care arm, treatment use
and associated clinical benefits were assumed to remain con-
stant for the duration of the model.

Data on patients’ acute event histories and existing
chronic complications at model entry were obtained from a
combination of aggregated HGB-206 TPVOE baseline data
(Table S2 in the Supplementary Information) and studies
identified in the SCD clinical literature [41-45]. We relied
on the SCD clinical literature to identify acute event inci-
dence rates and chronic complication development probabil-
ities, including differences by age and SCD genotype where
available. We also identified studies presenting evidence on
risk factors for and relationships among SCD events and
complications (Table S7 in the Supplementary Information)
[46]. We prioritized data from recently published studies to
reflect the impact of contemporary HU and chronic transfu-
sion use on SCD events and complications. However, for
some events and complications, robust evidence on inci-
dence rates and risk factors were available only from older,
landmark SCD cohort studies (e.g., the Cooperative Study
of Sickle Cell Disease [47]). A comprehensive presentation
of all parameters for events and complications used in the
model is provided in Tables S8 and S9 in the Supplementary
Information.

Underlying SCD mortality was estimated by applying
sex-specific SCD standardized mortality ratios (SMRs) for
genotypes HbSS/SB° derived from a landmark SCD cohort
[3, 47-49] to age-, sex-, and race-specific general population
mortality risks in the US [50]. Similar sex- and genotype-
specific SMRs relative to the general US population were not
identified for more contemporary SCD cohorts. To facilitate
a more contemporary interpretation of this landmark SCD
mortality data, we adjusted the SMRs to reflect mortality
risks in the absence of VOCs [47, 49]. Acknowledging the
likely presence of other SCD events and complications in
the selected landmark SCD cohort, and to avoid potential
double-counting across the range of risk factors for SCD
mortality [44, 49, 51-55], we modeled additional increases
in mortality risks associated only with a hospitalized VOC
[52] and with multiple end-organ involvement [55]. Addi-
tional details and the specific SMRs used in the model are
presented in Table S10 in the Supplementary Information.
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2.3.2 Lovo-Cel Attributes

Table 1 presents the lovo-cel treatment effect parameters
from the HGB-206 trial used in the model. Additional details
on the HGB-206 trial data and statistical methodologies
are presented in the Supplementary Information. Consist-
ent with the lovo-cel mechanism of action and the avail-
able follow-up data through February 2023, our base-case
analysis assumed that the lovo-cel treatment effect on VOEs
(Table S3 in the Supplementary Information) and changes
from baseline in total Hb levels (Table S4 in the Supple-
mentary Information) persist for the remainder of patients’
lifetimes. The magnitude and durability of the VOE and total
Hb treatment effects were varied in scenario analyses.

Patients achieving VOE-CR (i.e., 100% reduction) expe-
rienced reductions in the risks of other events, complica-
tions, and mortality according to the framework in Fig. 2.
For primarily hemolytic events and complications, risks
were assumed to be reduced by 95% (to a level approxi-
mating general population risks) for patients with VOE-CR
regardless of the age of treatment with lovo-cel on the basis
of the sustained hemolysis improvements observed in the
HGB-206 clinical trial [17]. For partly hemolytic and partly
vascular events and complications, the magnitude of risk
reductions associated with VOE-CR was assumed to decline
with increasing age of treatment (95% for patients aged
12—-17 years, 85% for patients aged 18-30 years, and 70%
for patients aged > 30 years), acknowledging that lovo-cel
will not reverse existing vascular damage. Similar treatment
age-dependent reductions in the underlying SCD SMRs were
assumed for the base case. For patients achieving a partial
resolution of VOE:s (i.e., < 100% reduction), a more limited
indirect treatment effect was modeled, informed by litera-
ture-based relationships (Tables S7-S10 in the Supplemen-
tary Information). Scenario analyses were conducted on the
magnitude of the risk reductions reflected in this framework
for the lovo-cel treatment effect on other events, complica-
tions, and mortality.

The HGB-206 trial also studied the impact of lovo-cel on
patient-reported HRQOL outcomes [17, 56]. The improve-
ment in patient-reported HRQOL observed in the trial was
incorporated into the model as a lovo-cel-specific utility
gain estimated from the change from baseline in EQ-5D-3L
utility values observed in the HGB-206 trial (Table 1 and
Table S5 in the Supplementary Information). Utility values
are estimates valuing specific health states on a scale where
0 represents death and 1 represents perfect health. The utility
gain for lovo-cel was assumed to apply for the remainder of
patients’ lives. In scenarios with partial loss of the lovo-cel
treatment effect, the lovo-cel utility gain decreased propor-
tionally with the VOE effect.

Parameters describing the safety, costs, and other
HRQOL impacts of lovo-cel are presented in Table 1.
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Safety was considered through the increased risk of mor-
tality (e.g., from the risk of myelodysplastic syndrome or
other hematologic malignancies [15, 17]) and the long-term
HRQOL impact associated with myeloablative condition-
ing [57], which were assumed to last for the remainder of
patients’ lives. The potential fertility impacts of myeloabla-
tive conditioning were captured via a proportion of patients
opting for fertility preservation [57]. Other serious adverse
events observed in the HGB-206 trial were largely concen-
trated during the transplantation hospitalization and thus
assumed to be captured in the one-time costs and HRQOL
impact [58] of transplantation. As an autologous HSCT,
lovo-cel does not carry the risk of graft rejection or graft
versus host disease. The one-time lovo-cel drug product
acquisition price was set to the publicly available list price
($3.1 million) for the base-case analysis [59]. To illustrate
the impact of potential rebates on the lovo-cel list price, we
included a scenario analysis using the known federal Medic-
aid Prescription Drug Rebate Program’s statutory minimum
rebate [60]. Lovo-cel administration costs (reflecting mobi-
lization, apheresis, conditioning, and transplantation) were
estimated from resource utilization observed in the HGB-
206 trial (Table S6 in the Supplementary Information) and
publicly available sources using a microcosting approach
(Table S12 in the Supplementary Information). Annual
monitoring costs also were estimated using a microcosting
approach [57] (Table S13 in the Supplementary Information)
and were assumed for a total of 15 years following lovo-cel
treatment [15].

2.3.3 Costs and Health-Related Quality of Life

The direct SCD-related costs captured in the model
included costs associated with common care treatments,
costs per event for all acute events, and annual costs for
all chronic complications. Costs for multiple events and
complications present within the same annual model cycle
were applied additively. In alignment with literature show-
ing that annual direct costs for patients with SCD are high-
est between ages 18 and 30 years [61, 62], we applied
age-specific multipliers to the costs for all acute events
and chronic complications. Although lower annual costs
observed in older age groups in the literature may reflect
a severity bias (i.e., survivors are those with less severe
disease), we chose to use these age-specific differences to
balance concerns about double-counting with our addi-
tive approach for multiple events or complications. Data
sources and parameter values for direct costs used in the
base-case analysis are presented in Table S11 in the Sup-
plementary Information. We did not include non-SCD-
related direct medical costs during periods of extended
survival in the base-case analysis. However, we did con-
sider these costs in a scenario analysis.

Additional indirect costs reflected in the societal per-
spective included the value of unpaid caregiving and
patient productivity impacts. Consistent with the impact
of VOE-CR on event and complication risks, the model
assumed reductions in unpaid caregiving commensurate
with VOE reductions and complication status (100%
reduction for patients with VOE-CR and no complica-
tions; 75% reduction for patients with VOE-CR and > 1
complication). The model leveraged educational pathways
research [63] to project that achieving VOE-CR would
support educational and work productivity gains, result-
ing in higher annual earnings depending on the age at
treatment. Specifically, patients achieving VOE-CR with
lovo-cel prior to age 15 years (i.e., early enough to affect
secondary educational outcomes) would have annual earn-
ings equal to 92% (versus 56% for SCD overall) of race-
adjusted general population earnings [63]. Those achiev-
ing VOE-CR with lovo-cel after age 15 years would have
annual earnings equal to 78% of race-adjusted general
population earnings [63]. Data sources and parameter val-
ues for indirect costs used in the co-base-case societal per-
spective are presented in Table S11 in the Supplementary
Information. In a scenario analysis, we also included in
the societal perspective the additional consumption costs
associated with consumer expenditures during periods of
extended survival for patients treated with lovo-cel.

The model captured the HRQOL impacts of SCD on
both patients (in both co-base-case perspectives) and
their caregivers (in the co-base-case societal perspective
only) in the form of utility values [64, 65]. Health-related
quality-of-life impacts for multiple events and complica-
tions present within the same annual model cycle were
applied additively. We conservatively assumed one car-
egiver per patient in our base-case analysis. The impact
of lovo-cel on caregiver quality of life was modeled using
the same approach as for unpaid caregiving. Data sources
and parameter values for patient and caregiver utilities are
presented in Table S14 in the Supplementary Information.

2.4 Model Outcomes and Analysis
2.4.1 Base-Case Analysis

We used the model to predict lifetime absolute and incre-
mental health and economic outcomes for lovo-cel in com-
parison with common care for a simulated cohort of 2500
patients, a sample size that was found to be sufficient for
convergence in predicted model outcomes (Fig. S7 in the
Supplementary Information). Results are presented as the
mean per patient across the cohort, with SDs (reflecting vari-
ability among patients) and 95% confidence intervals (Cls,
reflecting confidence in the mean estimates) for selected out-
comes. Survival was estimated in terms of (undiscounted)
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life-years and age at death. Total (discounted) QALYs, a
composite metric accounting for quantity and quality of life,
were disaggregated into those attributable to SCD overall,
gains associated with treatment, losses due to events and
complications, and losses by caregivers. Total (discounted)
costs were similarly disaggregated. Additional health out-
comes included cumulative lifetime VOCs (the most fre-
quent of the events in the HGB-206 VOE protocol defini-
tion) and development of chronic complications. We also
estimated the equal value life-year (evLY) and health years
in total (HYT) outcomes as alternatives to the QALY out-
come [66, 67].

The primary outcome used to estimate the cost-effec-
tiveness of lovo-cel compared with common care was the
incremental cost per QALY gained. Incremental costs per
evLY gained and per HYT gained were also reported. Due
to the limitations of ratio-based outcomes, we estimated the
net monetary benefit (NMB) outcome, which monetizes the
benefits of a new intervention by applying a willingness-to-
pay (WTP) threshold to QALY gains net of associated costs
[68]. We considered WTP thresholds ranging from $50,000
to $200,000 per QALY gained [38], with the upper end of
this range reflecting society’s higher WTP for more severe
conditions [24, 69], to estimate the NMB (mean, SD, and
95% CI) for the base-case cost-effectiveness results. To bet-
ter understand lovo-cel’s commercial list price relative to
its predicted value to society, we also estimated the thresh-
old value-based price for lovo-cel across this same range of
WTP thresholds.

2.4.2 Heterogeneity and Uncertainty

Uncertainty analyses are an integral part of economic evalu-
ations [30, 37]. They are particularly relevant for gene thera-
pies, given the one-time, irreversible nature of these thera-
pies and the limited long-term data on their effectiveness
[20, 70]. Heterogeneity represents a form of decision uncer-
tainty related to the selection of patients for treatment [71].
Acknowledging the heterogeneity of the SCD patient popu-
lation, we assessed patient-level variability in predicted out-
comes via scatterplots of patient-level incremental outcomes
and via the distribution of patient-level NMB estimates.

To assess the impact of parameter uncertainty, we
conducted a probabilistic sensitivity analysis (PSA) and
extensive scenario analyses. Probability distributions for
parameters that were varied in the PSA were selected in
accordance with best practices [71, 72] using evidence-
based uncertainty estimates where available and reasonable
assumptions otherwise (see Table S15 in the Supplementary
Information for detailed uncertainty estimates and distribu-
tions). The PSA varied all included parameters jointly over
their respective probability distributions over 1000 iterations
using the same sample of patients for all iterations.
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We also evaluated the impact of parameter uncertainty on
model predictions through targeted scenario analyses and
one-way sensitivity analyses constructed around key model
parameters and assumptions (see Table S16 in the Supple-
mentary Information for detailed scenario descriptions). We
focused scenarios on key themes of relevance to patient, car-
egiver, provider, and payer stakeholders: Who should receive
lovo-cel? How well does lovo-cel work? How long is the
lovo-cel effect expected to last? Additional scenarios were
constructed around a known rebate on the lovo-cel list price
(as a proxy for other potential payer-specific rebates), param-
eter uncertainties (e.g., direct costs and disutilities for events
and complications), data gaps (e.g., caregiver impacts), and
alternative model settings (discounting, inclusion of non-
SCD-related medical costs, inclusion of consumer consump-
tion costs). In keeping with good modeling practices for
patient-level simulations, we used common random numbers
for all sensitivity and scenario analyses [73].

2.5 Model Validation

Good practice guidelines for cost-effectiveness model valida-
tion emphasize face validity (of the modeling approach and
data source), internal validity (of the model programming
and predicted outcomes), and external validity (compared
with other published studies) [32, 74]. The face validity of
our modeling approach is supported by the involvement of
clinical and economic advisors and a patient representative
in model development and by similar comprehensive eco-
nomic evaluations for SCD in the literature [24, 29]. We
verified the internal validity of the model through a third-
person, comprehensive review of all model programming
and through extreme value testing. Finally, we assessed the
external validity of our model by comparing outcomes with
similarly comprehensive cost-effectiveness analyses for SCD
gene therapy in the literature (presented in the Discussion
section).

3 Results
3.1 Base-Case Analysis

The predicted lifetime outcomes for patients treated with
lovo-cel in comparison with common care are presented
in Table 2. Patients entered the model with an average
baseline age of 24.9 years and an average of (.93 exist-
ing SCD complications. Patients remaining on common
care were predicted to survive 13.47 years (SD 9.08; 95%
CI 13.12-13.83), with an estimated 67.81 lifetime VOCs
and 3.93 cumulative chronic complications per patient.
In contrast, patients treated with lovo-cel were predicted



Cost-Effectiveness of Gene Therapy for SCD

to survive 37.32 years (SD 18.97; 95% CI 36.57-38.06),
with an estimated 6.75 lifetime VOCs and 2.05 cumulative
chronic complications per patient. The predicted increase
in survival of 23.84 years (SD 12.80; 95% CI 23.34-24.34)
for lovo-cel versus common care translated to the mean
age at death increasing from 38.40 to 62.24 years and the
proportion of patients surviving past age 65 years increas-
ing from < 1% to nearly 50% (Fig. 3). Of the 6.75 aver-
age lifetime VOCs for patients treated with lovo-cel, 2.48
VOCs occurred during the first 6 months (spanning the
engraftment period); the remaining VOCs occurred only
in those without VOE-CR after the initial 6 months. The
cumulative proportions of patients developing specific
chronic complications and the associated annualized inci-
dence predicted for lovo-cel compared with common care
are presented in Fig. 4. Predicted lifetime and annualized
incidence estimates for acute events are presented in Fig.
S2 in the Supplementary Information.

The improvements in survival, quality of life, and other
clinical outcomes predicted for lovo-cel versus common
care translated to predicted increases in patient QALY's
(16.44 vs. 6.25) and reductions in lifetime direct medi-
cal costs associated with common care, events, and com-
plications ($860,020 versus $2,189,221). Reductions in
caregiver burden also were predicted in the form of fewer
caregiver QALY lost (1.19 versus 2.38) and unpaid car-
egiving avoided ($86,157 versus $172,090) per patient.
The predicted increase in annual earnings for patients
achieving VOE-CR after lovo-cel resulted in a predicted
increase in lifetime earnings of $454,483 per patient. The
total lovo-cel-related costs (acquisition, preparation and
administration, monitoring, and fertility preservation)
were estimated to be $3,282,009 per patient.

The cost-effectiveness results for the co-base-case
third-party payer and societal perspectives are pre-
sented in Table 3. From a third-party payer perspec-
tive, the predicted per-patient increases in total direct
medical costs of $1,952,808 (SD $1,339,849; 95% CI
$1,900,286-%$2,005,330) and in patient QALYs of
10.20 (SD 4.10; 95% CI 10.04-10.36) resulted in an
incremental cost-effectiveness ratio of $191,519 per
QALY gained. From a broader societal perspective,
the predicted per-patient increases in total direct and
indirect costs of $1,412,393 (SD $1,452,720; 95% CI
$1,355,446-$1,469,339) and in total patient and caregiver
QALYs of 11.39 (SD 4.91; 95% CI 11.19-11.58) resulted
in an incremental cost-effectiveness ratio of $124,051 per
QALY gained.

At a WTP threshold of $150,000 per QALY gained, the
NMB for lovo-cel compared with common care was pre-
dicted to be —$423,347 (95% CI —$488,805 to —$357,889)
from a third-party payer perspective and $295,445 (95% CI
$216,939-$373,950) from a societal perspective. At a higher

WTP threshold of $200,000 per QALY gained, the NMB
was predicted to be positive for both co-base-case perspec-
tives. If incremental QALY's are valued at a WTP threshold
of $150,000 per QALY gained (range $50,000-$200,000
per QALY gained) [37, 38], these results indicate that lovo-
cel would be cost-effective at a one-time acquisition price
of up to $2,676,653 (range $1,657,012-$3,186,473) from a
third-party payer perspective and up to $3,395,445 (range
$2,256,886-$3,964,724) from a societal perspective.

3.2 Heterogeneity and Uncertainty

The results for the base-case analysis indicated significant
heterogeneity across patients in incremental costs and out-
comes and in the resulting NMB estimates (Figs. S3 and S4
in the Supplementary Information for scatterplots across all
patients and by age-specific subgroups). In particular, at a
WTP threshold of $150,000 per QALY gained, 38.8% and
54.7% of patients were predicted to have a positive NMB
from third-party payer and societal perspectives, respectively
(Fig. S5 in the Supplementary Information).

In the PSA assessing the impact of joint parameter uncer-
tainty, the proportions of iterations with a positive NMB at a
WTP threshold of $150,000 per QALY gained were 27.8%
and 79.4% for the co-base-case third-party payer and societal
perspectives, respectively (Figs. 5 and S6 in the Supplemen-
tary Information). For the third-party payer perspective, the
proportion of iterations with a positive NMB ranged from
1.8% to 64.8% over a WTP threshold range of $50,000 to
$200,000 per QALY gained. Over this same WTP threshold
range, the proportion of iterations with a positive NMB from
a societal perspective ranged from 12.3% to 97.5%.

Table 4 presents the results from our targeted scenario
and one-way sensitivity analyses. Among scenarios evaluat-
ing uncertainty regarding who receives lovo-cel, how well
it works, and how long the effect lasts, the predicted cost-
effectiveness of lovo-cel was most impacted by the age at
treatment. Notably, the incremental cost-effectiveness ratios
for lovo-cel compared with common care from both third-
party payer and societal perspectives were over 40% lower
than the base case for patients treated at ages 12—17 years
and over 65% higher than the base case for patients treated
at ages > 30 years. This variability reflects differences in
baseline complication prevalence by age and our assump-
tions about the age-specific impacts of VOE-CR (Fig. 2).
Similarly, relaxing the criteria for lovo-cel eligibility to
include patients aged > 12 years with any history of VOEs
resulted in incremental cost-effectiveness ratios that were
roughly 50% higher than the base case, primarily attributable
to the lower VOC rates expected with common care (and
thus avoided with lovo-cel).

Of the scenarios related to the lovo-cel treatment
effect, uncertainty in the proportion of patients achieving
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Table 2 Base-case health and economic outcomes

Model outcome? Lovo-cel Common care Incremental
Survival (undiscounted)
Life-years, total 37.32 13.47 23.84
Sp® 18.97 9.08 12.80
95% CI? 36.57 to 38.06 13.12t0 13.83 23.34 10 24.34
Age at death, years 62.24 38.40 23.84
Other health outcomes (undiscounted)
Lifetime number of VOCs 6.75 67.81 —61.06
Prior to 6 months 2.48 2.48 0.00
After 6 months 4.27 65.33 —61.06
Lifetime number of chronic complications 2.05 3.93 -1.89
QALYs, total (discounted) 15.25 3.86 11.39
SD® 6.09 2.05 491
95% CI° 15.01 to 15.49 3.78 to 3.94 11.19t0 11.58
Patients, total 16.44 6.25 10.20
SCD general, including common care 15.77 7.87 7.90
Gain associated with lovo-cel 1.30 N/A 1.30
Lost due to acute events —0.30 -0.93 0.63
Lost due to chronic complications —0.33 —0.70 0.37
Lost by caregivers -1.19 -2.38 1.19
evLYs, total (discounted) 16.50 3.86 12.63
Patients 17.15 6.25 1091
Lost by caregivers —0.65 —-2.38 1.73
HYT, total (discounted) 36.28 14.57 21.71
Patients 37.47 16.95 20.52
Lost by caregivers -1.19 —-2.38 1.19
Costs, total (discounted) $3,773,704 $2,361,311 $1,412,393
SD® $945,131 $1,556,160 31,452,720
95% CI° $3,736,655 to $3,810,753 $2,300,310 to $2,422,313 $1,355,446 to $1,469,339
Lovo-cel direct costs, total $3,282,009 N/A $3,282,009
Drug product acquisition $3,100,000 N/A $3,100,000
Preparation and administration $148,634 N/A $148,634
Monitoring $21,319 N/A $21,319
Fertility preservation $12,056 N/A $12,056
Other direct costs, total $860,020 $2,189,221 —$1,329,201
Common care $0 $168,772 —$168,772
Acute events $77,976 $916,216 —$838,240
Chronic complications $782,045 $1,104,234 —-$322,189
Other societal costs, total —$368,325 $172,090 —$540,416
Value of unpaid caregiving $86,157 $172,090 —$85,933
Patient productivity gain® —$454,483 N/A —$454,483

Bold indicates sections of outcomes and overall total outcomes

CI confidence interval, evLY equal value life-year, HYT health years in total, N/A not applicable, QALY quality-adjusted life-year, SCD sickle cell
disease, SD standard deviation, VOC vaso-occlusive crisis

#Model outcomes are presented as the predicted means across a sample of 2500 simulated patients

°SDs (reflecting variability across individual patients) and 95% Cls (reflecting confidence in the mean for the simulated sample) are presented
for selected outcomes. Convergence plots for incremental costs and QALY's are presented in Fig. S7 in the Supplementary Information

“Patient productivity gain estimated as the difference in predicted lifetime earnings for lovo-cel versus common care ($738,604 versus $284,122)
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VOE-CR had a greater impact on cost-effectiveness results
than uncertainty in changes from baseline in total Hb or
EQ-5D-3L utility values (Table 4). In general, variations
in the proportion of patients achieving VOE-CR and the
partial loss of treatment effect had a larger impact on the
incremental cost-effectiveness ratios than variations in our
assumptions around the age-specific impacts of VOE-CR.
Excluding the partial reduction in VOEs for those without
VOE-CR had a relatively limited impact on cost-effective-
ness results. As anticipated, modeling the known Medicaid
Prescription Drug Program rebate [60] (as a proxy for other
potential payer-specific rebates) on the lovo-cel commercial
list price had a significant impact on cost-effectiveness, low-
ering the incremental cost-effectiveness ratios by roughly
40-50% across third-party payer and societal perspectives.
Variations in the direct costs associated with acute events
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and chronic complications had a larger impact on cost-
effectiveness results than variations in disutilities associ-
ated with events and complications. Additional scenarios
accounting for the potential impact of VOCs managed at
home and related to limitations in the SCD caregiving liter-
ature had relatively limited impacts on the incremental cost-
effectiveness ratios. Among scenarios considering alterna-
tive model settings, reductions in discount rates resulted in
meaningfully lower incremental cost-effectiveness ratios, as
expected. Although the inclusion of unrelated direct medi-
cal costs in years of additional survival for lovo-cel had
minimal impact on cost-effectiveness results, the inclusion
of consumption costs in years of additional survival offset
some of the predicted productivity gains for patients treated
with lovo-cel and thus increased the societal incremental
cost-effectiveness ratio by nearly 30%.
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Fig4 Predicted chronic com-
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4 Discussion

The emergence of one-time gene therapies heralds a new
treatment paradigm for SCD with potentially meaningful
benefits for patients, their families, the healthcare system,
and broader society. This analysis of the cost-effectiveness
of lovo-cel gene therapy compared with common care
for patients in the US with SCD aged > 12 years with
recurrent VOEs is the first economic evaluation to lever-
age gene therapy clinical trial data with follow-up of up
to 61 months after transplantation. Our base-case results
estimate the potential economic value of lovo-cel from
co-base-case third-party payer and societal perspectives,
with predicted incremental cost-effectiveness ratios of
$191,519 and $124,051 per QALY gained, respectively.

A\ Adis

Retinopathy AVN

0.102

Heart
failure

Gallstones Chronic lung  Leg ulcers Neurocognitive

disease impairment

Il lovo-cel [l Common care

This meaningful difference in the incremental cost-effec-
tiveness ratio between the third-party payer and societal
perspectives (falling on either side of the base-case WTP
threshold of $150,000 per QALY gained) illustrates the
contribution of positive spillover impacts, such as patient
productivity gains and reduced caregiver burden, to the
potential economic value of lovo-cel. Beyond the choice
of perspective and WTP threshold, which can vary across
stakeholders within the US, scenario analyses indicated
that the predicted cost-effectiveness of lovo-cel was most
sensitive to baseline age and VOE frequency. In particu-
lar, our predicted incremental cost-effectiveness ratios
varied by 40% or greater for the youngest and oldest age
subgroups and increased by roughly 50% for an alterna-
tive population with a lower historical burden of VOE:s.
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Table 3 Base-case cost-effectiveness results

CE outcome

Third-party payer perspective®

Societal perspective®

Incremental CE ratios

$/QALY gained $191,519 $124,051
$/evLY gained $179,073 $111,799
$/HYT gained $95,163 $65,058
NMB (by WTP threshold) (95% CI)
$50,000/QALY gained —$1,442,988 (—$1,499,008 to —$1,386,968) —$843,114 (—$906,605 to —$779,622)
$100,000/QALY gained —$933,167 (—$993,558 to —$872,777) —$273,835 (—$344,578 to —$203,091)
$150,000/QALY gained —$423,347 (—$488,805 to —$357,889) $295,445 ($216,939 to $373,950)
$200,000/QALY gained $86,473 ($15,399 to $157,548) $864,724 ($778,082 to $951,365)
Threshold VBP (by WTP threshold)
$50,000/QALY gained $1,657,012 $2,256,886
$100,000/QALY gained $2,166,833 $2,826,165
$150,000/QALY gained $2,676,653 $3,395,445
$200,000/QALY gained $3,186,473 $3,964,724

CE cost-effectiveness, CI confidence interval, evLY equal value life-year, HYT health years in total, NMB net monetary benefit, QALY quality-

adjusted life-year, VBP value-based price, WTP willingness to pay

*Third-party payer perspective results only include direct medical costs (lovo-cel-related and other direct costs) and patient QALYs. Societal per-

spective results also include other societal costs and caregiver QALY's lost

Scenario analyses also illustrated the sensitivity of our
cost-effectiveness results to the proportion of patients
achieving and maintaining VOE-CR. Our findings also
represent a comprehensive estimation of the broad poten-
tial clinical impact of lovo-cel that can facilitate open
dialogue and shared decision-making among patients, cli-
nicians, and families considering lovo-cel as a treatment
option for SCD in the US.

The approval of gene and other advanced therapies with
high one-time acquisition costs and uncertain long-term ben-
efits has increased interest in alternative payment models
and performance-based managed entry agreements [75-78].
Whether focused at the individual patient or population-
based level [76], these agreements are particularly relevant
for SCD because the heterogeneity of the population eligible
for treatment and the complexity of the disease make defin-
ing a simple, uniform, patient-level measure of treatment
success impractical. As suggested by the impact on cost-
effectiveness results of a rebate on the lovo-cel list price,
population-level performance-based agreements negotiated
between the lovo-cel manufacturer and US payers have the
potential to further mitigate uncertainty about the long-term
cost-effectiveness of lovo-cel.

This study contributes to the growing literature on the
cost-effectiveness of advanced treatments for SCD, offer-
ing synergies and advantages relative to other recent work
[79]. The breadth of SCD-related events and complications
included in our analysis is comparable to other comprehen-
sive analyses of gene therapies [22-25, 29], and there is gen-
eral alignment on the importance of considering a societal

perspective at least as a co-base case [23-25, 29]. The two
recent economic evaluations of gene therapy for SCD most
relevant for comparison with our analysis are the evaluation
by the Institute for Clinical and Economic Review (ICER)
[24] and the Model for Economic Analysis of Sickle Cell
Cure (MEASURE), developed as part of the Cure Sickle
Cell Initiative [23, 29]. The Hutchinson Institute Sickle Cell
Disease Outcomes Research and Economics (HISCORE)
model also developed as part of the Cure Sickle Cell Initia-
tive considered a less severe SCD population and a narrower
set of events and complications [22, 29].

Our analysis, the MEASURE analysis [29], and the ICER
evaluation [24] all compared one-time gene therapy with
common care (or the standard of care) in patients with SCD
with recurrent VOEs, and all considered a comparably broad
set of SCD-related events and complications. The MEAS-
URE analysis used a patient-level simulation approach simi-
lar to ours, whereas the ICER evaluation used a Markov-
based approach. However, the MEASURE analysis used
event and complication risks from interconnected predic-
tion models estimated simultaneously from a US claims
database, while our analysis and the ICER evaluation relied
primarily on risks from the published literature. All three
analyses used VOE reduction as the primary lovo-cel effi-
cacy endpoint, but each differed in how the VOE effect was
extended to other events, complications, and mortality. Of
note, our analysis and the ICER evaluation used a combina-
tion of literature-informed relationships and assumptions to
reduce the risks of non-VOE events, complications, and mor-
tality for those with VOE-CR to levels intended to approach
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Fig.5 Probabilistic sensitivity
analysis results. PSA probabil-
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general population risks, although the magnitude of the
reductions differed between the two approaches. The ICER
analysis did not consider partial reductions in VOEs for
those without VOE-CR. In contrast, the MEASURE analysis
assumed the risk of chronic complications was eliminated
beyond 5 years after treatment, did not consider any reduc-
tion in non-VOE events other than those estimated indirectly
from their statistical prediction models, and applied a cura-
tive mortality hazard ratio from patients with SCD treated
with allogeneic HSCT. Although each took a societal per-
spective as at least a co-base case, there were differences
in the specific outcomes considered (unpaid caregiving and
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WTP threshold ($/QALY gained)

productivity impacts in all three analyses, caregiver quality
of life in our analysis and the MEASURE analysis only, and
consumption costs in the MEASURE analysis only) and in
the data sources used to inform the approaches.

Despite the similarities in the objectives of these three
analyses, the structural differences in how common care out-
comes were estimated and valued, how the lovo-cel treat-
ment effect was implemented, and the specific outcomes
included resulted in expected differences in model-predicted
outcomes (see Table S17 in the Supplementary Informa-
tion for a comparison). The survival predictions for com-
mon care from our analysis and the MEASURE analysis
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Table 4 Scenario results

Scenario category Scenario Third-party payer perspective Societal perspective
parameters® - -
Incre- Incremental $/QALY gained Incre- Incremental $/QALY gained
mental costs (diff. versus base mental costs (diff. versus base
QALYs case) QALYs case)
Base case 10.20 $1,952,808 $191,519 11.39 $1,412,393 $124,051
Lovo-cel target Age: 12-17 years 12.73 $1,403,433 $110,244 (—42.4%) 14.55 $705,202 $48,460 (—60.9%)
population only®
Age: 18-30 years 10.26 $1,861,801 $181,466 (—5.2%) 11.44 $1,320,751 $115,437 (-6.9%)
only®
Age: > 30 years 8.20 $2,604,663 $317,739 (+65.9%) 8.95 $2,179,382 $243,405 (+96.2%)
only®
Prior VOE criteria:  8.60 $2,468,155 $286,896 (+49.8%) 10.16 $1,943,252 $191,320 (+54.2%)
any history of
VOEs
Lovo-cel VOE VOE-CR: 96.5% of 10.92 $1,921,783 $176,064 (—8.1%) 12.29 $1,326,813 $107,938 (—13.0%)
and total Hb patients; sVOE-
efficacy CR: 99.2% of
patients
VOE-CR: 71.0% of 8.70 $2,011,648 $231,144 (+20.7%) 9.60 $1,572,267 $163,826 (+32.1%)
patients; sVOE-
CR: 79.2% of
patients
Partial VOE reduc- 10.08 $2,014,516 $199,907 (+4.4%) 11.28 $1,474,645 $130,762 (+5.4%)
tion: excluded
Total Hb change 10.32 $1,886,663 $182,787 (—4.6%) 11.51 $1,344,109 $116,778 (-5.9%)

from baseline:
4.10 g/dL (SD,

1.28)
Total Hb change 10.00 $2,045,616 $204,517 (+6.8%) 11.19 $1,508,562 $134,774 (+8.6%)
from baseline:
2.86 g/dL (SD,
1.70)
Lovo-cel HRQOL Utility gain: 0.146  11.39 $1,952,808 $171,485 (-10.5%) 12.58 $1,412,393 $112,301 (—9.5%)
impacts Utility gain: 0.056  9.54 $1,952,808 $204,715 (+6.9%) 10.73 $1,412,393 $131,651 (+6.1%)
Partial loss of 10% of patients lose 9.45 $1,978,202 $209,276 (+9.3%) 10.55 $1,471,792 $139,481 (+12.4%)

lovo-cel effect 50% of VOE and
Hb effects after
5 years
VOE-CR impact  VOE-CR impact: 10.72 $1,961,672 $182,992 (—4.5%) 11.90 $1,408,479 $118,404 (—4.6%)
assumptions for  90%/80% reduc-
lovo-cel tion for ages
18-30/> 30 years
VOE-CR impact: 9.73 $1,944,138 $199,708 (+4.3%) 10.94 $1,416,011 $129,461 (+4.4%)
80%/60% reduc-

tion for ages
18-30/> 30 years

Lovo-cel drug 23.1% rebate on 10.20 $1,236,708 $121,289 (-36.7%) 11.39 $696,293 $61,156 (—50.7%)
product price lovo-cel acquisi-
tion price
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Table 4 (continued)

Scenario category Scenario

Third-party payer perspective

Societal perspective

parameters® - -
Incre- Incremental $/QALY gained Incre- Incremental $/QALY gained
mental costs (diff. versus base mental costs (diff. versus base
QALYs case) QALYs case)
Event and compli- 25% increase in 10.20 $1,662,701 $163,067 (—14.9%) 11.39 $1,122,285 $98,571 (—20.5%)
cation costs and  direct costs
tiliti
uities 25% decrease in 1020 $2,242916  $219.971 (+14.9%) 1139  $1,702,500 $149,531 (+20.5%)
direct costs
25% increase in 10.45 $1,952,808 $186,959 (—2.4%) 11.63 $1,412,393 $121,399 (-2.1%)
disutilities
25% decrease in 9.95 $1,952,808 $196,308 (+2.5%) 11.14 $1,412,393 $126,821 (+2.2%)
disutilities
Other scenarios of VOC rate: 10.44 $1,927,427 $191,519 (—3.6%) 11.62 $1,386,810 $119,326 (—3.8%)
interest increased by
50% for at-home
management
Unpaid caregiving: 10.20 $1,952,808 $191,519 (0.0%) 11.39 $1,326,460 $116,503 (—6.1%)
$32,808 per year
Caregiver disutility: 10.20 $1,952,808 $191,519 (0.0%) 12.57 $1,412,393 $112,320 (-9.5%)
applied to two
caregivers per
patient
Model settings Discounting: undis- 21.25 $1,874,012 $88,184 (=54.0%)  22.27 $966,727 $43,406 (—65.0%)
counted
Discounting: 1.5%  14.34 $1,882,536 $131,283 (-31.5%) 15.50 $1,193,315 $76,989 (—37.9%)
per year
Unrelated direct 10.20 $1,992,453 $195,407 (+2.0%) 11.39 $1,452,038 $127,533 (+2.8%)
medical costs:
$3761 per year
Consumption costs: 10.20 $1,952,808 $191,519 (0.0%) 11.39 $1,826,232 $160,399 (+29.3%)

80.7% of annual
earnings

diff. difference, Hb hemoglobin, HRQOL health-related quality of life, QALY quality-adjusted life-year, SD standard deviation, sVOE-CR com-
plete resolution of severe vaso-occlusive events, VOC vaso-occlusive crisis, VOE vaso-occlusive event, VOE-CR complete resolution of vaso-

occlusive events

#Additional implementation details and relevant sources for all scenarios are presented in Table S15 in the Supplementary Information

"Baseline age scenarios considered as post hoc subgroups (12—17 years: n = 395 [15.8%]; 18-30 years: n = 1,555 [62.2%]; > 30 years: n = 550

[22.0%])

were quite similar (13.5 versus 13.4 years), but both were
meaningfully shorter than the common care survival predic-
tions for the ICER evaluation. The survival gains for gene
therapy were larger in our analysis (23.8 years) than in the
MEASURE analysis (17.4 years) or ICER evaluation (undis-
counted outcomes not reported), likely stemming from our
use of general population-anchored mortality risk reduc-
tions. The gains in patient QALYs for gene therapy versus
common care mirrored the differences in survival predic-
tions, although the fundamentally different approaches to
quantifying caregiver QALYs (QALYs lost versus QALYs
accrued) resulted in overall comparable total QALY gains
in our analysis (11.39) and the MEASURE analysis (11.9).
Our analysis predicted higher direct medical cost offsets, in
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part because our lifetime cost prediction for common care
(~$2.1 million) was higher than the predictions from the
MEASURE (~$1.2 million) and ICER (~$1.5 million) mod-
els. The higher prevalence of baseline chronic complications
in the MEASURE model also may have limited opportuni-
ties for direct medical cost offsets, as gene therapy was not
predicted in any model to reverse existing complications.
Despite the MEASURE model including additional con-
sumption costs during extended periods of survival associ-
ated with lovo-cel, they estimated much higher productivity
gains than our model or the ICER evaluation, resulting in
net productivity (productivity minus consumption) estimates
that were larger than the productivity gains estimated in our
model and the ICER evaluation (which both relied on the
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same educational pathways research to estimate productiv-
ity gains). Ultimately, the predictions from each of these
models should be further validated against real-world patient
outcomes as additional long-term data emerge on patients
treated with lovo-cel and other gene therapies for SCD.

The results of this study are subject to the limitations
typical of all economic evaluations. Our target population
was aligned with the efficacy population in the HGB-206
clinical trial; however, the population treated with lovo-cel
in real-world settings may differ from the trial population
in terms of baseline age, SCD severity, and comorbidity
profile. Additionally, while HGB-206 data up to 61 months
after transplantation show a sustained efficacy response [17],
longer-term data from ongoing clinical research (including
the LTF-307 study) and real-world data are needed to con-
firm the lifetime impact of lovo-cel. As noted previously,
our scenario analysis results illustrate the sensitivity of our
cost-effectiveness estimates to uncertainty in both achieving
and maintaining VOE-CR. Our analysis relied on simpli-
fying assumptions related to treatment status over time in
the common care arm, including the assumption that HU or
chronic transfusion use remains constant and the exclusion
of common care-specific adverse events (e.g., iron overload).
These assumptions likely have counteractive impacts on the
predicted cost-effectiveness of lovo-cel compared with com-
mon care, and thus we find them unlikely to meaningfully
impact our findings.

This study also has several notable strengths. The HGB-
206 trial data represent the longest available follow-up of a
gene therapy for SCD. Our patient-level simulation meth-
odology, which accounts for the heterogeneity of the SCD
population and the interconnectedness of SCD events and
complications, was developed collaboratively over several
years through a deliberative process relying on the SCD
literature, clinician expertise, and patient perspectives.
Although assumptions remained necessary to extrapolate
the lovo-cel treatment effect to long-term outcomes, our
assumptions were tempered to reasonably reflect heterogene-
ity in patients’ age and comorbid status at the time of treat-
ment. Additionally, we varied key lovo-cel treatment effect
assumptions in scenario analyses to illustrate the impact of
uncertainty on the predicted clinical and economic value of
lovo-cel. Our scenario analyses also explored the impact of
uncertainty stemming from gaps in the literature related to
SCD caregiver burden and the broader societal costs of SCD.
Given the difference between the predicted third-party payer
and societal perspective results in our analysis, addressing
these data gaps also will be important in estimating the true
long-term societal impact of lovo-cel and other gene thera-
pies for SCD.

Although cost-effectiveness analysis is an important tool
for value-based decision-making, the traditional framework
employed by health technology assessment bodies in the US

and globally often fails to account for novel value elements
(e.g., value of hope, equity) [39] that may be particularly
relevant for one-time therapies with curative intent [20, 21].
Accurately assessing the societal value of new therapies
is particularly important for SCD, where the potentially
transformative clinical benefit of advanced therapies such
as lovo-cel may result in far-reaching effects for a patient
population and community that remain marginalized [26,
80]. Stakeholders and decision-makers are encouraged to
consider the broad potential societal benefits of these novel
therapies when making value-based decisions related to
access and reimbursement.

In summary, our findings suggest that lovo-cel gene ther-
apy has the potential to meaningfully improve the lifetime
health and economic trajectories of patients with SCD with
recurrent VOEs. While data from the ongoing lovo-cel clini-
cal trial program and from real-world studies are required to
verify long-term outcomes, our results provide insights for
decision-makers and other stakeholders in the US regarding
the potential patient, healthcare system, and societal value
of lovo-cel as a gene therapy for SCD.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40273-024-01385-9.
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