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Abstract: Sickle cell disease (SCD) is one of the most common inherited blood disorders. Deoxygenated hemoglobin S (HbS)
polymerizes and causes anemia and various end organ effects. Voxelotor acts by increasing HbS oxygen affinity, decreasing anemia
and hemolysis. Voxelotor is approved for use in individuals with SCD age 4 years and older. Phase 3 trials demonstrated an increase in
hemoglobin levels and a decrease in markers of hemolysis; however, data or benefits related to clinical and quality of life outcomes are
relatively limited and varied across different studies. This review summarizes the published clinical trials and research studies focused
on the use of voxelotor in SCD to provide an evidence-based practical guide for hematology providers on its utilization in clinical
settings, including physicians and independent licensed practitioners.
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Introduction

Sickle cell disease (SCD) is one of the most common inherited blood disorders affecting 100,000 individuals in the
United States and millions worldwide." A mutation in the beta globin chain of the hemoglobin creates hemoglobin
S (HbS) and leads to a complex pathophysiology in SCD, including polymerization of HbS in the deoxygenated state.
There are several clinical complications in SCD, such as anemia, vaso-occlusive pain episodes, acute chest syndrome,
and various end organ damage, leading to decreased life expectancy.? Given that curative approaches, namely hemato-
poietic stem cell transplant and gene therapy or editing, though promising, are still not yet widely available, disease
modifying therapies are and will likely remain critical for optimizing health outcomes in SCD.**

With recent research advancements in the last decade, there are now four Federal Drug Administration (FDA)
approved medications for SCD: hydroxyurea, L-glutamine, crizanlizumab, and voxelotor.” In particular, voxelotor targets
anemia and hemolysis in SCD, which plays a key role in the pathogenesis.> Voxelotor received initial FDA approval in
November 2019 for individuals with SCD age 12 years and older, and recently received FDA approved for children with
SCD age 4 years and older.” Voxelotor binds to hemoglobin resulting in a decrease in HbS polymerization.®’ Clinical
trials demonstrated that voxelotor can effectively increase hemoglobin by 1 g/dL in approximately 50% of patients at 24
weeks with improvement in markers of hemolysis.®’ With the recent expansion of FDA approval, practical guidance for
use of voxelotor in SCD is essential to aid SCD providers considering this disease modifying therapy for their patients.

Methods

A literature search was conducted January 2017 to June 2022 through the PubMed database using key search terms:
voxelotor, oxbryta, and GBT 440. Inclusion criteria were phase 3 clinical trials, cross-sectional studies, retrospective
studies, and case series focused on the use of voxelotor in children, adolescents, and adults with SCD in English

language. Exclusion criteria included non-English language, and phase 1 clinical trials or pre-clinical studies.
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Results

Efficacy

HOPE and HOPE KIDS-I Trials

Expected clinical efficacy is a key consideration in prescribing voxelotor for SCD. Clinical trials demonstrated
statistically significant benefits related to hemoglobin levels and markers of hemolysis, while impact on clinical outcomes
varied. The HOPE trial was a multicenter phase 3 randomized clinical trial of individuals with SCD age 12—64 years,
mostly HbSS or HbSBThal. In the HOPE trial, voxelotor demonstrated a significant increase in hemoglobin by 1 g/dL in
51% of patients along with a decrease in markers of hemolysis, such as indirect bilirubin and reticulocyte.”'® Similarly,
the HOPE KIDS-1 trial showed a significant increase in hemoglobin by 1 g/dL in 47% of patients as well as decreased
markers of hemolysis among children with HbSS or HbSPThal.® Neither trial showed significant reduction in vaso-
occlusive pain episodes or improvement in health-related quality of life outcomes.® '® However, long-term follow up of
the HOPE trial at 72 weeks showed less frequent vaso-occlusive episodes among individuals with SCD on voxelotor with
higher hemoglobin response above 10 g/dL with an annualized incidence rate of vaso-occlusive crisis of 2.8 in the
voxelotor 1500 mg group compared to 3.2 in placebo.'’ Post hoc analysis of the HOPE trial demonstrated voxelotor
1500 mg caused improvement or resolution of leg ulcers in all (5/5, 100%) patients with active leg ulcers.'” Data for
efficacy are primarily for individuals with severe phenotypes (ie, HbSS and HbSB°Thal), while other genotypes, such as
HbSC and HbSB' Thal, were present in small numbers (combined approximately 10% of participants) in the HOPE trial
and excluded in the HOPE KIDS-1 trial.*'°

Real-World Evidence
A retrospective study of national claims data of 3128 individuals with SCD age 12 years and older demonstrated voxelotor
impacted clinical outcomes, though these potential clinical benefits must be interpreted within the context of the inherent
methodological limitations in retrospective studies.'*'* Voxelotor significantly decreased the mean annualized vaso-occlusive
episode rate from 10.9 to 8.4 (p<0.001)."* The mean annualized rate of VOC hospitalizations and all-cause hospitalizations
decreased from 10.9 to 8.4 (p<0.001), and from 7.4 to 4.6 (p<0.001), respectively. Voxelotor decreased blood transfusion
requirements with a decrease in the mean annualized transfusion rate from 7.0 to 3.3 (p<0.001).'*'* The study also
demonstrated a decrease in mean number of outpatient visits for individuals on voxelotor from 24.8 to 22.5 visits (p=0.000),
and a decrease in the mean days supply of prescribed opioids from 312 to 272 days (p<0.001)."* This study suggested possible
real-world evidence for clinical benefits related to the use of voxelotor beyond increasing hemoglobin levels.

Other reported beneficial effects of voxelotor include improvements in well-being, and symptoms of depression.'*'°
A single center review of 77 individuals with SCD age 12 years and older demonstrated 67% of pediatric patients and
54% of adult patients on voxelotor had improved quality of life measured by the Patient Global Impression of Change
and Clinical Global Impression of Change questionnaires.'® A case series of compassionate use of voxelotor in 7
individuals with SCD demonstrated that 2 of 2 patients with depression had improved affect measured by the Patient
Health Questionnaire-9.'> Potential concerns about impact on exercise capacity due to decreased oxygen delivery to
tissues was not seen in a pilot study of 9 individuals with SCD ages 12-20 years who had no significant difference in
cardiopulmonary exercise testing.'® Research studies evaluating the impact of voxelotor on transcranial Doppler ultra-
sound velocities (HOPE KIDS-2) and other quality of life outcomes are ongoing.'’

Adverse Events

HOPE and HOPE KIDS-I Trials

Overall, voxelotor is well tolerated, and most side effects are minor, grade 1, or grade 2 as defined by the Common
Terminology Criteria for Adverse Events (CTCAE). In the HOPE trial in individuals age 12—64 years, 34/88 (39%) of
participants receiving voxelotor 1500 mg had 1 or more treatment related adverse events. Headache and diarrhea were the
most common adverse events, occurring in at least 20% of patients receiving voxelotor 1500 mg daily.'® Other common
side effects included nausea, abdominal pain, and rash.'®'® Dose modifications occurred in 41% (36/88) of individuals
receiving voxelotor. Per protocol, dose reduction was indicated for grade 2 or higher adverse event. The dose was reduced
by one 300 mg capsule/tablet and could be resumed to the original dose once the grade 2 adverse event resolved to <grade 1.
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The dose was held for up to five days for grade 3 or higher adverse event and could be resumed at the original dose when
adverse event <grade 1.'°

The HOPE KIDS-1 trial demonstrated similar findings with the most common drug related adverse events including
diarrhea, rash, and vomiting with grade 1 adverse events most common.® Four patients required dose modification due to
drug related adverse events. Dose reduction occurred in 1/45 (2%) of patients and was due to a grade 2 rash. Dose was
reduced by one 300 mg tablet. Dose interruption without dose reduction occurred in 3/45 (7%) of patients in the HOPE
KIDS-1 trial, one for grade 2 hypersensitivity, one for grade 2 liver enzyme elevation, and one for grade 3 liver enzyme

elevation and bilirubin increase.'®

Real-World Evidence

Case series of use of voxelotor in individuals with SCD demonstrate adverse events similar to those reported in the
HOPE and HOPE KIDS-1 trials. A single center review of 77 individuals with SCD age 12 years and older
demonstrated that 4 of 77 (5%) of individuals had adverse events that resulted in dose modification, including 2
diarrhea, 1 rash, and 1 fever.'® A case study reported rebound hemolysis and multi-organ dysfunction after abrupt
discontinuation of voxelotor in a HbSS patient with pulmonary hypertension and renal disease.'” Although a rare
complication, there are limited data on implications of abrupt cessation of voxelotor. This is relevant given voxelotor is
not currently widely available in hospital formularies and medication continuation during hospital admission relies on
patient supply of the medication from home. There are limited long-term follow up data as well as limited publications
on use of voxelotor in certain subpopulations of individuals with SCD including those with multi-organ dysfunction or

pregnant.

Initiating Voxelotor

Eligibility

Individuals with SCD age 4 years and older with severe phenotypes (HbSS and HbSB°Thal) are eligible for use of
voxelotor. It can be considered as an added therapy to hydroxyurea or alternative if hydroxyurea is ineffective, not
tolerated, or preferred by patients or parents. Individuals age 12 years and older with milder genotypes, such as HbSC
or HbSB+Thal with baseline hemoglobin <10 g/dL and/or episodes of vaso-occlusive episodes may be considered for
voxelotor, consistent with the HOPE trial, but data are limited.'® Patients on concomitant hydroxyurea may be started
on voxelotor with data supporting use in patients on stable hydroxyurea dose for at least 3 months.®'® Combination
therapy with voxelotor and other SCD disease modifying agents may provide the ability to target the complex
pathophysiology of SCD via different pathways, but data on its use with crizanlizumab and L-glutamate are limited.'?
Further, patients’ pill or medication burden should be considered to ensure optimal adherence level over time to one
or more therapies, which can be a challenge in clinical practice. In a retrospective study of 3128 individuals with
SCD age 12 years and older on voxelotor, patients were also treated with other therapies, including hydroxyurea
(57%), 7% L-glutamine (7%), and crizanlizumab (1%)."?

Figure 1 illustrates a suggested algorithm for practical considerations for use of voxelotor in SCD. Potential
candidates for voxelotor include SCD individuals with hemoglobin <10.5 g/dL and those with continued anemia despite
maximum tolerated dose of HU, especially those with symptomatic anemia.*'® Individuals who are non-responsive or
have adverse side effects to hydroxyurea or other disease modifying sickle cell therapy may also be considered. SCD
patients with Hb <10.5 g/dL and red blood cell alloimmunization may also be considered as an increase in hemoglobin
may be desired, particularly if there is difficulty locating compatible blood for transfusion needs.

Ineligible patients for voxelotor include individuals with SCD less than age 4 years. Some clinical conditions may
represent a challenge, such as short gut syndrome or other complex gastrointestinal history, leading to potential inability
to absorb the medication, given the medication is given orally and a parental method of administration is not available.
Individuals with liver or kidney impairment require special consideration and may require dose adjustments given the
role of the kidneys in drug excretion and potential for liver toxicity.
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Ineligible or not ideal candidate

Determine SCD patient eligibility
* Age<4yearsold

 Inability to absorb through No * SCD patient age 4 years and older
the Gi tract < ¢ HbSS or HbSBeta®Thal (limited data for use
* Renal failure in other genotypes)

Pregnant
‘ Yes

Determine rationale for starting voxelotor

Disease modifying therapy

Continued anemia despite maximal
tolerated dose of HU

Nonresponsive, intolerability or side effects
to other disease modifying therapies

RBC alloimmunization and/or other blood
transfusion challenges

v

Shared decision making to initiate voxelotor

* Risks/benefits
* Adverse effects
Drug interactions
Patient values and preferences

¢ Cost
* Yes
Initiate voxelotor
*Weight based dosing for < age 12
Baseline labs before starting voxelotor: 600 mg for weight 10 to <20kg
o Hemoglobin (Hb) level (required) 900 mg for weight 20 to <40kg
o Hb electrophoresis (optional) 1500mg for weight = 40 kg

Dosing (once daily):
o 1500 mg PO for age 12 years and older
o Weight based dosing for < age 12*

v

Monitor effectiveness at 24 weeks or sooner

*  Hblevel, bilirubin level, reticulocyte count
*  Clinical evaluation for adverse effects,
especially diarrhea or loose stool (may
need dose reduction to 1000 mg PO daily)
*  Pain or vaso-occlusive episodes

Figure | Suggested decision algorithm for considering initiation of voxelotor in SCD.

Medication Administration, Dosage, and Monitoring

Voxelotor is a once daily oral medication available as tablets and tablets for oral suspension. The starting dose for
individuals age 12 years and older is 1500 mg once daily. Children age 4—12 years use weight based dosing including:
600 mg for weight 10 to <20 kg, 900 mg for weight 20 to <40 kg and 1500 mg for weight >40 kg.*** For oral
suspension, the tablet can be mixed with a room temperature clear drink as detailed by the manufacturer.”® Medication
can be taken with or without food. Dose adjustments are indicated for patients with diarrhea or loose stools, severe
hepatic impairment, or those on concomitant CYP3A4 inducers. Voxelotor has a half-life of 35.5 hours and reaches
steady state in eight days.*'** Time to response in the phase 3 clinical trials was 24 weeks but response may be observed
earlier and response has been documented as early as 2 weeks in clinical trials.®

Dosage information for certain medical conditions and comorbidities in SCD is limited. Voxelotor has not been
extensively studied in individuals with SCD and renal failure. The HOPE trial excluded patients with severe renal
impairment and individuals on dialysis.'® A small retrospective study showed a decrease in albuminuria in individuals
with SCD and chronic kidney disease stage 1-3 but was not statistically significant.”' Voxelotor has not been studied in
pregnant women and there are no dosage recommendations in this population.

Laboratory evaluation of hemoglobin, reticulocyte count, and liver function are recommended to assess for treatment
response and adverse effects.”® Voxelotor may interfere with hemoglobin electrophoresis and discussion with
a hematopathologist about the potential impact on hemoglobin electrophoresis results in these patients is
recommended.”*** Supporting laboratory results for voxelotor efficacy include improved hemoglobin and a decrease
in markers of hemolysis, such as indirect bilirubin and reticulocyte count.” Moreover, evaluating hemoglobin response or
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increase with trend over time can be helpful for patients to reinforce adherence behavior and for insurance to maintain
coverage.

Dose modification is generally recommended for treatment related adverse event >grade 2 per the HOPE and HOPE
KIDS-1 trial as well as recommendations from GBT.*!* In individuals age 12 years and older, there is temporary dose
reduction by one 500 mg tablet to 1000 mg daily or dose interruption based on the severity of the adverse effect. Dose
reduction in the HOPE KIDS-1 trial was a decrease in dose by one 300 mg tablet.

Special Considerations

There are reported concerns that voxelotor may limit oxygen delivery due to the increase in oxygen affinity.
A theoretical model by Hebbel and Hedlund details how increased oxygen affinity may decrease oxygen delivery
and functional oxygen content in the brain. Decreased cerebral oxygen delivery may increase risk for adverse
cerebrovascular consequences in SCD.?® This model has not been replicated in vivo and there were no reported
cerebrovascular events in the clinical trials. Further research on the impact on cerebral hemodynamics and oxygen
delivery is warranted.

Cost

Medication cost is important to consider when initiating voxelotor. As of November 2022, the cost is $138.89 USD per
500 mg tablet and $208.34 USD per 300 mg soluble tablet. A cost effective analysis by the Institute for Economic and
Clinical Review found that voxelotor was not cost effective at the current price.’’ Further research regarding cost
effectiveness of voxelotor is needed. Insurance coverage and financial assistance from the manufacturer Global Blood
Therapeutics (GBT) may help address financial barriers.

Counseling Patients and Shared Decision Making

Shared decision making (SDM) can aid discussions on the initiation of voxelotor. Key components of SDM include
a collaborative approach between the patient and clinicians resulting in a partnership to make medical decisions supported
by evidence and aligned with the patient’s preferences, values, and treatment goals.”*2° Published strategies on the use of
SDM for voxelotor in SCD are limited. Clinical teams may consider referencing shared decision making practices for other
sickle cell disease modifying therapies, such as hydroxyurea when utilizing SDM for voxelotor.® Adapting these strategies
for voxelotor has not been validated but may help facilitate open communication about the decision to initiate therapy.?’
A well informed discussion can be facilitated by a clinical team that is familiar with the clinical evidence as well as the
expected benefit and risks of voxelotor. Key topics that should be discussed in SCD SDM aids include clinical efficacy, side
effects, costs, and overall benefits while weighing the pros and cons of different potential disease modifying therapies.”

Conclusion

Voxelotor is a well-tolerated oral agent in the era of multiple disease modifying agents for SCD. It can be considered as
a component of multimodal treatment strategy to optimize outcomes in SCD. There are limited data to support its use as
monotherapy. Randomized controlled trials demonstrated efficacy in raising the hemoglobin level and improving markers
of hemolysis as well as a favorable safety profile. Data on the impact of voxelotor on clinical outcomes, such as pain
episodes and quality of life, are less robust but suggest potential benefits related to reduction in pain episodes,
hospitalizations, and blood transfusion requirements. Most data on the impact on clinical outcomes are limited to
retrospective studies or case series which have limitations and are at risk for bias including confounding and selection
bias. Further research is needed to assess the impact on clinical outcomes. Theoretical risks to oxygen delivery exist and
warrant consideration and further research.?' Cost of the medication, insurance coverage, and limited current availability
on hospital formularies warrant consideration.

Several clinical questions related to voxelotor remain unanswered. Efficacy in children with SCD less than 4 years old
is currently being studied. Long-term data on the impact on end organ dysfunction are not yet available, and efficacy on
neurovascular outcomes, including TCD velocities, is currently being studied. Further research on clinical outcomes is
essential, needed to better support counseling of patients and families on voxelotor. Additional research on SDM tools
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and resources for voxelotor in SCD may aid practical guidance and facilitate discussion with patients and families as they
make their decisions among different disease modifying therapies.
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CTCAE, Common Terminology Criteria for Adverse Events; GBT, Global Blood Therapeutics; SCD, Sickle cell disease;
SDM, Shared decision making; FDA, Food and Drug Administration; HbSB°Thal, Hemoglobin S Beta Zero thalassemia;
HbSP+Thal, Hemoglobin S Beta Plus thalassemia.
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