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Aim: To describe real-world adherence, treatment utilization, vaso-occlusive crises (VOC) and economic
outcomes in patients with sickle cell disease (SCD) with recurrent VOC treated with L-glutamine, voxelotor
or crizanlizumab in the US. Materials & methods: In this retrospective study, patients with SCD with
recurrent VOC who received L-glutamine, voxelotor, or crizanlizumab were identified from the Merative™
MarketScan® Research Databases between 1 January 2015 and 30 September 2022. Eligible patients
had >12 months continuous enroliment before and after the first chronic therapy claim (i.e., index
date). Number of VOC, treatment utilization, healthcare resource utilization and healthcare costs were
summarized for 12 months before (baseline) and after (follow-up) the index date. The proportion of days
covered (PDGC; i.e., proxy for adherence) for the index chronic therapy was measured during the 12-month
follow-up period. Results: Overall, 440 patients initiated a recently approved chronic therapy (L-glutamine,
n = 254; voxelotor, n = 110; crizanlizumab, n = 76) and met inclusion criteria. Mean (standard deviation [SD])
number of VOC during baseline and follow-up were similar for patients treated with any index therapy
(n =440; 7.21 [8.82] vs 7.27 [9.85]); this was similar across patients treated with L-glutamine, crizanlizumab,
and voxelotor, respectively. Mean (SD) PDC for patients with any index therapy was 0.37 (0.29); results
were similar across patients treated with L-glutamine, crizanlizumab, and voxelotor. Healthcare resource
utilization during the 12-month baseline and follow-up periods were comparable. Mean (SD) total costs
for patients initiating a recently approved chronic therapy increased by ~50% or $38,111 during follow-
up (follow-up, $118,235 [$177,125]; baseline, $80,125 [$120,950]; p < 0.001); most of the increased costs
($27,108 [71.1%]) were a direct result of recently approved chronic therapies. Conclusion: Patients initiated
on L-glutamine, voxelotor or crizanlizumab had low adherence (based on PDC), continued to experience
frequent VOC, and incurred higher healthcare costs mostly due to the costs of these therapies. This
highlights the need for additional treatment options for patients with SCD with recurrent VOC.

Sharable abstract: In a claims-based dataset, patients with SCD with recurrent VOC who received L-
glutamine, voxelotor or crizanlizumab had low adherence (based on PDC), had frequent VOC, and incurred
higher healthcare costs. This highlights the need for additional treatment options for these patients.
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Sickle cell disease (SCD) is a rare genetic disorder characterized by the expression of abnormal sickle hemoglobin,
which leads to a variety of acute and chronic complications [1-3]. Vaso-occlusive crises (VOC), a distinctive clinical
feature in patients with SCD, cause debilitating pain and may lead to organ-related complications and increased
mortality [1-3]. Individuals with SCD with recurrent VOC (defined as >2 VOC per year for 2 consecutive
years) have an increased clinical burden associated with this disease [1]. According to a large retrospective cohort
study, common clinical complications associated with SCD in this patient population include acute infections,
chronic lung disease, mental health complications, cardiovascular complications, bone and joint problems and
chronic pain [1]. In addition, when compared with matched general population controls, patients with SCD with
recurrent VOC had increased healthcare resource utilization (HCRU), including increased inpatient admissions
and emergency department visits, as well as increased total healthcare costs [1].

Standard of care for patients with SCD with recurrent VOC has long been hydroxyurea and red blood cell
transfusions in addition to supportive care [1,4]. Recently, three chronic therapies (L-glutamine, voxelotor and
crizanlizumab) were approved by US regulators FDA for the treatment of patients with SCD [5-7]. L-glutamine, an
amino acid indicated to reduce the acute complications of SCD in patients >5 years of age, was approved in 2017 [5].
Thereafter, both voxelotor and crizanlizumab were approved in 2019. Voxelotor is a hemoglobin S polymerization
inhibitor indicated for the treatment of SCD in adult and pediatric patients >4 years of age; voxelotor was approved
under accelerated approval based on the increase in hemoglobin levels associated with its use [6]. Voxelotor was
removed from global markets in September of 2024 based on the totality of clinical data indicating an overall
benefit that does not outweigh the risk (8]. Crizanlizumab is a P-selectin inhibitor indicated to reduce the frequency
of VOC in patients aged >16 years with SCD in the US 7). In August 2023, crizanlizumab was withdrawn by the
European commission based on an assessment that concluded that the benefits of the medicine did not outweigh its
risks given the results of the STAND phase III clinical trial (9. Additional treatment options for patients with SCD
include one-time treatments such as allogeneic hematopoietic stem cell transplant (HSCT) and gene therapies [10].
This study does not focus on patients with SCD receiving allogeneic HSCT or gene therapies, given these are
one-time treatments and not chronically administered therapies.

Since the approval of chronic therapies, several real-world studies have reported outcomes with the use of
L-glutamine, voxelotor and crizanlizumab in patients with SCD. In a retrospective cohort analysis composed of
patients with SCD, the use of crizanlizumab was associated with moderately improved symptoms and a tolerable
safety profile with no grade >3 treatment-related adverse events [11]. Studies have also shown that crizanlizumab
reduces hospital admissions, emergency and urgent care visits, and morphine equivalent daily doses [11,12]. However,
despite these results, discontinuation rates of >30% have been reported with crizanlizumab [13]. Similar results
were observed for voxelotor in a large claims-based data analysis, which found that patients with SCD treated
with voxelotor had an increase in mean hemoglobin levels, and substantial reductions in the mean annualized
rates of transfusions, VOC, VOC-related hospitalizations, all-cause hospitalization and outpatient visits [4]. Finally,
the use of L-glutamine in patients with SCD was associated with a significant median reduction in pain crises,
hospitalizations and blood transfusions, as well as improved renal-related outcomes [14,15].

It should be noted that these studies were not specifically focused on patients with SCD with recurrent VOC, did
not assess all of the recently approved chronic therapies, and some of these studies had relatively small sample sizes.
Real-world data in patients with SCD with recurrent VOC treated with the recently approved chronic therapies
L-glutamine, voxelotor and crizanlizumab in the US are limited. The primary aim of this study was to use a claims
database to describe real-world VOC outcomes, adherence, treatment utilization, HCRU and economic outcomes
specifically in patients with SCD with recurrent VOC treated with L-glutamine, voxelotor or crizanlizumab
in the US. While the manufacturer of voxelotor voluntarily removed it from the global market in September
2024 (8], the results remain relevant because many patients have been treated with this therapy during the study
period.

Materials & methods

Study design & data source

A retrospective, pre- and post-treatment study design using data from the US-based Merative™ MarketScan®
Research Databases between 1 January 2015 and 30 September 2022, identified patients with SCD with recurrent
VOC who received L-glutamine, voxelotor or crizanlizumab. The MarketScan Databases contain de-identified
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inpatient medical, outpatient medical and outpatient prescription drug data for ~228.2 million commercially
insured individuals and their dependents between 1995 and 2022, ~15.7 million Medicare enrollees between 1995
and 2022, and ~55.5 million Medicaid enrollees between 1999 and 2022.

Study population

All patients with >1 inpatient or >2 outpatient claims with a diagnosis of SCD between 1 January 2015 and 30
September 2022, and >2 VOC events per year during any 2 consecutive years after the first qualifying SCD claim
were identified [1,16]. VOC events were defined as an inpatient or emergency department medical claim with a
diagnosis code for acute chest syndrome, priapism, SCD with crises or splenic sequestration associated with SCD.
Patients were also required to have had >1 claim for L-glutamine, voxelotor or crizanlizumab (whereby the date
of the first chronic therapy claim was the index date) and >12 months of continuous enrollment before and after
the index date. Patients were excluded if they had >2 nondiagnostic claims for sickle cell trait or if they had any
evidence of HSCT at any point in the study period. All patients were assessed in the 12 months prior to the index
date (baseline) and the 12 months following the index date (follow-up).

Study measures & analysis

Descriptive analyses were conducted for patients with SCD with recurrent VOC who received L-glutamine,
voxelotor or crizanlizumab. Mean (standard deviation [SD]) values were reported for continuous variables and
frequencies/proportions (n, %) for categorical variables. Demographics, including age, sex and payer type, were
assessed at the index date. The number of VOC were summarized during the 12 months before and after the index
date for all patients receiving a chronic therapy and for each individual therapy (i.e., L-glutamine, crizanlizumab
and voxelotor). Treatment utilization was summarized during the 12 months before and after the index date.
The number of claims and proportion of days covered (PDGC; i.e., proxy for adherence) for the index recently
approved chronic therapy (i.c., the first chronic therapy a patient received) were measured during the 12-month
follow-up period. PDC was calculated specifically for each chronic therapy and based on the number of days in the
12-month follow-up period where the patient is covered by the medication. HCRU was assessed in the 12-month
follow-up period and 12-month baseline period. Healthcare costs, composed of inpatient, outpatient medical and
outpatient prescription costs, were based on the paid amounts of adjudicated claims, including payer and health
plan payments, as well as patient cost-sharing in the form of co-payment, deductible and co-insurance. Costs were
inflated to 2022 US Dollars using the Medical Care Index component of the Consumer Price Index. Comparative
pre- and post-analyses were only conducted for HCRU and costs using paired two-tailed #tests; p < 0.05 was
considered statistically significant.

Subgroup analysis

A subgroup analysis based on mean PDC (proxy for adherence) in the 12-month follow-up period for all patients
who received an initial chronic therapy and those who received an initial chronic therapy indicated for VOC
reduction (i.e., L-glutamine or crizanlizumab) was conducted; subgroups were PDC <0.20, PDC >0.20 and
<0.50, PDC >0.50 and <0.80 and PDC >0.80. An additional subgroup analysis was conducted according to
payer type (Medicaid vs commercial insurance) for patients who received a recently approved chronic therapy.

Results

Demographics

Opverall, 440 patients initiated a recently approved chronic therapy for SCD with recurrent VOC (L-glutamine,
n = 254; voxelotor, n = 110; crizanlizumab, n = 76) and met the inclusion criteria (Figure 1). The mean (SD)
age of these patients who received a chronic therapy was 23.4 years (11.4 [range: 4-62]) (Table 1). Age ranges for
treatment with L-glutamine (4-62 years), voxelotor (11-62 years) and crizanlizumab (14-58 years) were broadly
aligned to their respective FDA label indication statements [5-7). The majority (82.5%) of patients included in the
study were captured in the Medicaid database (Table 1).

Number of VOC & adherence

The mean (SD) number of VOC was similar in the baseline (i.e., pretreatment) and follow-up (i.e., post-treatment)
periods for all patients initiated on a recently approved chronic therapy for SCD (n = 440; baseline, 7.21 [8.82]
vs follow-up, 7.27 [9.85]). This was similar across patients initiating L-glutamine (n = 254; baseline, mean, 7.07
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Patients with SCD with recurrent VOCs who received a

recently approved chronic therapy

=1 inpatient or 22 outpatient claims* with a diagnosis of SCD between
1 January 2015 — 30 September 2022
n = 35,045

:

=2 VOC events** per year during any 2 consecutive years after the first
qualifying SCD diagnosis
n = 6928

l

Patients meeting additional inclusion/exclusion criteria***
=1 day of enrollment with prescription coverage on or after 1 July 2017
(post-approval of the first non-curative therapy)
n = 3292

=1 claim for L-glutamine, voxelotor, or crizanlizumab
n =657

=12 months continuous enroliment before and after index date
(date of first chronic therapy)
n =440

Figure 1. Patients with sickle cell disease with recurrent vaso-occlusive crises who received a recently approved
chronic therapy.

*Within 365 days of each other.

**At least 3 days between the service dates of VOCs were required to be considered discrete events.

***Additional inclusion/exclusion criteria includes no evidence of sickle cell trait, no evidence of hematopoietic stem
cell transplant, and >12 months of continuous enrollment before and after the second VOC in the second consecutive
year.

SCD: Sickle cell disease; VOC: Vaso-occlusive crises.

Table 1. Baseline demographics in patients with sickle cell disease with recurrent vaso-occlusive crises

who received a recently approved chronic therapy.

Characteristics All patients (n = 440)
Age (years), mean (SD; min—-max) 23.4(11.4; 4-62)
Sex, n (%)
Female 245 (55.7)
Male 195 (44.3)
Payer type, n (%)
Medicaid 363 (82.5)
Medicaid FFS 223 (50.7)
Commercial 77 (17.5)

FFS: Fee for service; max: maximum; min: minimum; SCD: Sickle cell disease; SD: Standard deviation; VOC: Vaso-occlusive crises.

[SD: 8.10] vs follow-up, 7.19 [10.12]), voxelotor (n = 1105 baseline, 6.16 [8.09] vs follow-up, 5.91 [7.25]) and
crizanlizumab (n = 76; baseline, 9.18 [11.54] vs follow-up, 9.50 [11.76]), respectively.

Mean (SD) PDC for patients who initiated any index therapy (L-glutamine, voxelotor or crizanlizumab) was low
at 0.37 (0.29), and was similar for patients initiating L-glutamine (0.33 [0.27]), crizanlizumab (0.38 [0.28]) and
voxelotor (0.47 [0.30]). When stratifying patients initiated on L-glutamine or crizanlizumab by level of adherence,
patients with the highest adherence (PDC >0.80) had a modest reduction in mean (SD) number of VOC (baseline,
5.17 [4.19] vs follow-up, 4.47 [4.69]) (Supplementary Table 1). Smaller reductions or increases in the mean number
of VOC were observed for the remaining adherence subgroups among patients using L-glutamine or crizanlizumab
(Supplementary Table 1).
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Table 2. Treatment utilization in patients with sickle cell disease with recurrent vaso-occlusive crises who

received a recently approved chronic therapy (n = 440).

Treatment Baseline Follow-up
Ppatients with a claim, n (%) Claimsf, mean (SD) Patients with a claim, n (%) Claims', mean (SD)
Red blood cell transfusions 198 (45.0) 1.6 (2.8) 193 (43.9) 1.6 (2.8)
Pain medication 435 (98.9) 22.1(22.0) 431 (98.0) 24.9 (27.8)
Opioids* 404 (91.8) 16.4 (19.3) 409 (93.0) 18.9 (23.8)
NSAIDs 362 (82.3) 4.9 (5.8) 348 (79.1) 5.1(6.9)
Gabapentin 80 (18.2) 0.7 (2.0) 85(19.3) 0.9 (2.3)
Folic acid 270 (61.4) 3.0(3.5) 258 (58.6) 2.6 (3.3)
Hydroxyurea 333 (75.7) 4.0 (3.8) 312 (70.9) 3.8(3.9)
Iron chelation therapy 48 (10.9) 0.6 (2.4) 59 (13.4) 0.6 (2.7)
Penicillin 46 (10.5) 0.4 (1.8) 45 (10.2) 0.4 (2.1)

TNumber of claims for all patients.
$Opioids include methadone, morphine, fentanyl, dihydrocodeine, oxycodone, hydromorphone, tramadol, acetaminophen with codeine and buprenorphine.
NSAID: Nonsteroidal anti-inflammatory drug; SD: Standard deviation.

Table 3. Healthcare resource utilization.

Baseline Follow-up Differencef

Inpatient, mean (SD)

Inpatient admissions, n 4.1(4.2) 4.2 (4.8) 0.1

Total days of hospitalization, n 22.4(30.4) 25.0 (34.7) 2.6%
Outpatient, mean (SD)

Total outpatient visits, n 62.2 (56.5) 66.2 (72.2) 4.0

Emergency department visits, n 5.9 (12.9) 5.8 (16.0) -0.1

Office visits, n 15.3(11.3) 15.3(12.5) 0.0

Laboratory visits, n 12.6 (12.7) 12.3 (15.4) -0.2

Other outpatient visits, n 28.4 (38.7) 32.8(51.8) 4.3%
Outpatient pharmacy, mean (SD)

Outpatient prescriptions, n 48.6 (35.0) 54.5 (38.0) 5.9%

T Difference calculated based on exact numbers.
fp <0.05.
SD: Standard deviation.

Mean (SD) PDC for patients covered by Medicaid was lower than for those covered by commercial insurance
(Medicaid, 0.36 [0.28] vs commercial, 0.43 [0.31]). For patients covered by Medicaid (n = 363) or commercial
insurance (n = 77), mean (SD) number of VOC were similar in the baseline and follow-up periods (Medicaid
baseline, 7.55 [8.38] vs follow-up, 7.55 [8.93]; commercial baseline, 5.58 [10.56] vs follow-up, 5.95 [13.37])
(Supplementary Table 2).

Treatment utilization

Compared with the 12-month baseline period, patients initiated on any chronic therapy had a similar mean (SD)
number of claims during the 12-month follow-up period for hydroxyurea (4.0 [3.8] vs 3.8 [3.9]), red blood cell
transfusions (1.6 [2.8] vs 1.6 [2.8]) and opioids (16.4 [19.3] vs 18.9 [23.8]) (Table 2). This number of claims was
consistent regardless of payer type (i.e., Medicaid and commercial insurance) or adherence level (Supplementary
Table 3). A total of 42 (12.0%) patients received multiple recently approved chronic therapies.

HCRU/costs

There was a statistically significant increase in the total number of days of hospitalization and number of outpatient
prescriptions in the 12-month follow-up period compared with the 12-month baseline period (Table 3). Mean (SD)
total costs increased by ~50% or $38,111 during the 12-month follow-up period (baseline, $80,125 [$120,950];
follow-up, $118,235 [$177,125]; p < 0.001) (Figure 2). Outpatient medical and outpatient pharmacy costs were
significantly higher in the follow-up period compared with the baseline period (Figure 2). Most of the increased
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M Total costs M Inpatient

M Outpatient medical

M Outpatient pharmacy

Healthcare costs: Overall population (n = 440)**

90,0007 ¢g0,125

60,000

30,000

$12,438

12-month baseline

Healthcare costs: PDC <0.20 (n = 168)**

$111,083*

$83,417

12-month baseline

12-month follow-up

Healthcare costs: PDC >0.50 to <0.80 (n = 67)**

$145,282*

$92,943

$46,215*

12-month baseline

12-month follow-up

Figure 2. Healthcare Costs.
*p <0.05 versus baseline.

**PDC (i.e., adherence) was calculated for the index recently approved chronic therapy.
PDC: Proportion of days covered.
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12-month follow-up

costs ($27,108 [71.1%]) were a direct result of the chronic therapies. Increased costs due to treatment with
L-glutamine and voxelotor were captured as part of the increased outpatient pharmacy costs, while increased
costs due to treatment with crizanlizumab were captured primarily in the outpatient medical cost category. For
patients treated with L-glutamine and voxelotor, outpatient pharmacy costs increased by +$10,598 and +$44,725,
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respectively, while the increase in outpatient medical costs among patients treated with crizanlizumab was +$56,486
(Supplementary Table 4).

The difference in mean healthcare costs between the 12-month follow-up period and 12-month baseline period
increased as patient adherence to index therapy increased (PDC <0.20, $27,666; PDC >0.20 to <0.50, $28,404;
PDC >0.50 to <0.80, $52,339; PDC >0.80, $78,249) (Figure 2).

Total healthcare costs were higher in the follow-up period compared with baseline for patients covered by
Medicaid fee-for-service (FFS) and by commercial insurance, and the difference in costs was higher for patients
covered by commercial insurance (Medicaid FFS, +$42,547 [baseline mean, $117,494 (SD: $144,458) versus
follow-up, $160,041 (SD: $194,731)] versus commercial, +$89,656 [baseline, $99,027 ($89,772) versus follow-
up, $188,683 ($192,926]) (Supplementary Table 5). Most of the increases in healthcare costs in the follow-up
period were directly due to the recently approved chronic therapy costs for both patients covered by Medicaid FFS
(67.2% [+$28,579]) and commercial insurance (69.2% [+$62,019]).

Discussion

In this real-world study of patients with SCD with recurrent VOC treated with L-glutamine, voxelotor or crizan-
lizumab in the US a small proportion of patients with SCD with recurrent VOC received a recently approved
chronic therapy. These patients had a low level of adherence (based on PDC), a similar number of VOC in the
baseline and follow-up period, and incurred significantly higher healthcare costs in the follow-up (post-treatment)
than in the baseline (pretreatment) period, driven by the cost of recently approved chronic therapies. These results
highlight the remaining unmet need for patients with SCD with recurrent VOC even with several recently approved
chronic therapies and the need for additional innovation for these patients.

This analysis used the MarketScan database which contained data for, on average, approximately 42 million
insured lives annually in the US from 2015 to 2022, including 35,000 patients with SCD. This is less than the
approximately 120,000 patients estimated to have SCD in the US 17], which is expected given that Marketscan
includes patients covered by either employer-sponsored health insurance or Medicaid, and so does not cover
all individuals with insurance in the US. Approximately 20% (657/3292) of patients with SCD with recurrent
VOC had a claim for a recently approved chronic therapy, which is higher than reported in previously published
literature 4,18). This finding is expected because the current study focuses on a population with more severe disease
(patients with SCD with recurrent VOC as compared with the broad group of individuals with SCD [4,18]) and
suggests that patients who have more severe signs and symptoms are more likely to receive these therapies.

The mean number of VOC was similar between the pre- and post-treatment periods, with a generally low level
of adherence (based on PDC). When patients were stratified by payer type (Medicaid or commercial), there was no
difference observed in the mean number of VOC between baseline and follow-up; however, the Medicaid group
had a higher number VOC at baseline and follow-up than the commercial group, which is consistent with prior
studies in which it was found that patients covered by Medicaid had a greater number of VOC [1,19]. In addition,
patients with the lowest PDC had the highest baseline number of VOC; given the observational nature of claims
analyses, we cannot ascertain if the higher number of baseline VOC impacted the PDC observed in the follow-up
period or potential prescribing of chronic therapies. This represents a promising avenue for future research.

The lack of reduction in the number of VOC following the initiation of recently approved chronic therapies
(L-glutamine, voxelotor or crizanlizumab) for SCD is partially supported by previously published clinical trials
as well as real-world studies, which have reported conflicting results [20): although the HOPE clinical trial found
no statistically significant reduction in VOC among patients treated with voxelotor compared with patients given
placebo, a recent retrospective analysis of the Symphony database reported a reduction in VOC frequency in
patients initiated on voxelotor [4,21]. The Symphony analysis assessed outcomes only in patients with continuous
voxelotor treatment, whereas the current study includes patients regardless of adherence or continuous treatment.
Further, the Symphony database is an open-source claims database with data captured from practice management
systems, including ‘clearinghouses’ or pharmacy benefit managers, while the Merative™ MarketScan® database is
a closed claims database with data captured from health insurers or employers [22]. Similarly conflicting results
have been observed in studies assessing the efficacy of crizanlizumab [11,12,23,24]. Notably, 3 studies conducted in
patients treated with L-glutamine have found a reduction in the number of VOC [14,15,25]. Taken together, these
publications suggest a variable impact of voxelotor, L-glutamine and crizanlizumab on the number of VOC, and
the current study adds to the literature on the potential impact of these therapies on the incidence of VOC in
a real-world setting with a subgroup of patients with more severe disease. The results of this study should be
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interpreted in the context of this population of patients with severe SCD with recurrent VOC and the overall low
PDC across the population of patients.

This study found that patients receiving chronic therapies have low adherence (based on PDC) to therapy,
which is consistent with findings in the published literature [12,13). A claims based database study reported that 22,
23, 32 and 23% of patients with SCD (aged >16 years) initiated on monthly crizanlizumab infusions received
1 to 2 doses, 3 to 4 doses, 5 to 6 doses and >7 doses, respectively, during a 6-month follow-up period [13]. In
a similar retrospective study, 10 of 15 patients had discontinued crizanlizumab after 6 months of treatment [12].
These low adherence (based on PDC) and continuation rates could be the reason for the lack of reduction in the
number of VOC seen in this analysis. This was also observed when analyzing subgroups by PDC in the present
study; patients with PDC >0.80 had the largest reduction in number of VOC in the follow-up period than at
baseline. However, despite a reduction in VOC, patients still experienced VOC regardless of the PDC levels. Given
that adherence to chronic therapies impact their effectiveness, interventions that increase overall adherence to these
chronic therapies could lead to some reductions in VOC in individuals receiving these interventions. It is important
to acknowledge that low PDC can result from a variety of factors other than medication nonadherence including
medical contraindications, therapy switching, discontinuation due to side effects, or inability to afford treatments.

The mean PDC (PDC: 0.37) in this study for patients initiating a recently approved chronic therapy and
proportion of patients achieving PDC >80% (~13%) is lower than the adherence that is broadly seen in the
literature for other chronic diseases. Studies in patients with dyslipidemia, diabetes and hypertension generally
have found higher mean PDCs, with higher proportion of patients achieving PDC >80% [26-28. The lower PDC
results from this study are unsurprising given the well documented lower adherence for patients with SCD to other
therapies and the substantial barriers to adherence for this population [29-32]. These results further the importance of
adherence interventions and improvement of health system barriers to improve adherence in patients with SCD [33].

Given that not all therapies are approved for VOC reduction, we conducted a separate analysis on therapies
approved for VOC reduction (i.e., crizanlizumab and L-glutamine) (5-7) and found no substantial differences in
the rate of VOC across the full population. In addition, the lack of reduction of VOC was consistent regardless of
whether patients were covered by Medicaid or commercial insurance, and highlights the need for new and effective
treatment options for all patients with recurrent VOC.

Voxelotor was voluntarily withdrawn from all worldwide markets (including the US) on 25 September 2024
based on the totality of clinical data indicating an overall benefit that does not outweigh the risk [8]. This prespecified
analysis initially included all recently approved chronic therapies from 2017-2022 (i.e., voxelotor, L-glutamine and
crizanlizumab). While voxelotor was included in the main analysis of this study, VOC reduction and healthcare
costs were also assessed for each therapy individually and for therapies approved for VOC reduction combined
(i.e., crizanlizumab and L-Glutamine). Results across the 3 chronic therapies individually and those approved
for VOC reduction (i.e., crizanlizumab and L-glutamine) were consistent; thus, the results of the overall cohort
which includes voxelotor remain relevant. Moreover, it is also important to note that the results of this study used
population-level data and did not look at benefits that individual patients may derive from VOC reduction or other
benefits not included in this dataset (e.g., number of transfusion units).

Treatment utilization of hydroxyurea, blood transfusions, and opioids was similar in the baseline and follow-
up periods, which suggests that these recently approved chronic therapies may be considered add-on therapies.
This approach is aligned with the clinical trials that supported the regulatory approval of each therapy, whereby
recently approved chronic therapies were added to the standard of care and compared with standard of care/usual
care [1,4,13,14]. Unsurprisingly, the number of outpatient prescriptions were higher in the follow-up compared with
baseline given that these chronic therapies are added on top of existing standard of care. While the number of
inpatient admissions was not statistically significantly different, there was a statistically significant increase in total
days of hospitalization (25.0 days vs 22.4 days) in the follow-up. The clinical significance of this is unknown given
the overall similar magnitudes and is potentially due to slightly longer length of stay in hospital in the follow-up.
Additional research on days in hospital and length of stay is needed to better understand any association with use
of recently approved chronic therapies.

The current study also found that patients initiated on a recently approved chronic therapy had increased costs in
the follow-up period regardless of specific payer type. Specific cost increases were lower than the published average
annual costs of these therapies, likely because patients had relatively low adherence (based on PDC). In the subgroup
analysis where patients were stratified by PDC, the difference in costs between the baseline and follow-up periods
increased with higher PDC, further supporting these therapies as the major driver of increased costs. Crizanlizumab
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use was associated with a significant increase in outpatient medical costs because it is administered intravenously
in the clinic setting, while use of orally administered L-glutamine and voxelotor was associated with increases in
outpatient pharmacy costs [5-7]. The significant increase in outpatient visits in the follow-up for patients receiving
a recently approved chronic therapy is likely driven by crizanlizumab, while the significant increase in outpatient
prescriptions is likely driven by L-glutamine and voxelotor.

While patients covered by Medicaid FFS and commercial insurance both had increases in costs, increases in
total costs were higher in patients covered by commercial insurance than in those covered by Medicaid FFS likely
due to reimbursement differences. Because the proportion of the total healthcare cost increase due to the chronic
therapies was similar (~70%) for Medicaid FFS and commercial insurance, it is likely that there are substantial
payment differences for these therapies between Medicaid FFS and commercial insurance. This would not be
surprising because a multitude of other studies have found that prescription drug reimbursement is substantially
lower in Medicaid compared with commercial insurance [34-36]. It should be noted that the cost results for the
payer subgroup analysis focused on patients with Medicaid FFS given the significant limitation with capitation
in managed Medicaid. This is a consistent issue for costs analyses across all databases with Medicaid patients
given the substantial shift in healthcare away from FFS and toward more value-based care (e.g., capitation-based
models) (37,38]. Overall, analysis of healthcare costs of individuals covered by Medicaid that includes individuals
covered by managed Medicaid should be evaluated with the understanding of the likely underestimation of total
healthcare costs given the issue with capitation.

Administrative claims data are collected for reimbursement purposes and are therefore subject to potential
misclassification, presenting a limitation of the study. This study used data from 2015 to 2022 and thus is inclusive
of the COVID-19 pandemic; given the observational nature of claims analysis it is difficult to ascertain the impact
of any pandemic-related utilization changes on this analysis. In claims database analyses only VOC that led to a
healthcare visit/charge are captured and VOC that may have been managed at home would not be reflected; this
is an inherent limitation of utilizing healthcare claims that only capture healthcare visits to assess some patient
outcomes. This has been acknowledged as a limitation of end points in clinical trials for patients with SCD [39] as
well, given differences in cultural norms, healthcare practice, and access to care for patients for SCD. VOC that
occur that do not lead to a healthcare visit/charge can still significantly impact patients’ abilities to work, attend
school, and participate in activities of daily living and thus additional research that captures these events potentially
through the use of patient-reported outcomes could help further contextualize the impact of these chronic therapies
on patients [39]. In addition, this analysis does not focus on the distinction between the severity of VOC given the
lack of detailed clinical data in claims data; additional research utilizing different data sources may yield deeper
insights. While PDC is an accepted proxy for adherence, especially in claims database studies, we are not able to
assess if the filled medication was consumed by the patient, which could impact outcomes assessed in this study,
such as the number of VOC.

Individuals without health insurance, who died, went on long-term disability, or did not meet continuous
enrollment requirements may have systematically different outcomes than patients who met enrollment criteria.
Furthermore, these results may not be fully generalizable to patients with SCD without recurrent VOC who
receive L-glutamine, voxelotor or crizanlizumab. An additional potential limitation of the study is the small sample
size. Furthermore, comparative analysis was only conducted for HCRU and costs. Additional research using more
advanced statistical methods (e.g., adjusting for multiple comparisons, comparative analysis of all variables, etc.)
could add to and strengthen the evidence base. All 3 recently approved chronic therapies were grouped together to
assess adherence, treatment utilization and number of VOC; however, each recently approved chronic therapy has
a unique mechanism of action and FDA-labeled indication statement, and thus, outcomes may vary by therapy.
Some indicated benefits of these therapies (e.g., the ability of voxelotor to increase hemoglobin levels) are not well
captured by administrative claims. In addition, certain clinically relevant outcomes such as number of units per
transfusion event are not captured in administrative claims databases and thus, the overall transfusion volume was
not able to be assessed in this analysis. Additional studies addressing the limitations noted above with increased
sample size that analyze these therapies individually would advance knowledge in this space.

Conclusion

Although not all recently approved chronic therapies are indicated for VOC reduction, patients with SCD experi-
encing recurrent VOC had low real-world adherence (based on PDC), maintained similar treatment and healthcare
utilization and continued to experience frequent VOC regardless of level of adherence to therapy. Total healthcare
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costs increased by nearly 50% during the follow-up period, presumably driven by the cost of these recently approved
chronic therapies. These results highlight the need for improved treatment options that could reduce VOC and the
associated healthcare costs for patients with SCD with recurrent VOC.

Summary points

e Approximately 20% of patients with sickle cell disease (SCD) with recurrent vaso-occlusive crises (VOC) identified
had a claim for a recently approved chronic therapy.

e The total number of VOC during baseline and follow-up were similar for all patients initiated on a recently
approved chronic therapy (voxelotor, crizanlizumab or L-glutamine) and for patients initiated on a therapy
indicated for VOC reduction (crizanlizumab or L-glutamine), regardless of insurance type.

e Overall, the level of adherence (based on PDC) was low.

e Patients with higher levels of adherence (PDC >0.80) had the largest reduction in number of VOC in the
follow-up period compared with baseline.

e Total costs increased significantly (+$38,111; p < 0.001) during the follow-up period for patients initiating a
chronic therapy; most (~71%) of the increased costs were a direct result of the chronic therapy.

e The difference in mean healthcare costs between the follow-up period and baseline period increased as patient
adherence to index therapy increased.

e There remains an unmet need for improved treatment options able to reduce VOC and the associated healthcare
costs for patients with SCD with recurrent VOC.
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