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ABSTRACT
Patients with sickle cell disease (SCD) experience 
a range of clinical symptoms, including acute and 
chronic pain, fatigue, and respiratory problems, as 
well as chronic organ complications that can lead 
to disability and accelerated mortality. Voxelotor is a 
first- in- class therapy that targets sickle hemoglobin 
polymerization, the root cause of SCD. It is 
approved by the US Food and Drug Administration 
for treatment of SCD in patients aged 4 years and 
older and in the European Union and United Arab 
Emirates for the treatment of SCD in patients aged 
12 years and older. Here, we report the single- center 
experience of both clinician- determined and patient- 
reported benefits of voxelotor in 27 consecutive 
patients treated for at least 8 weeks. Clinical Global 
Impression of Change and Patient Global Impression 
of Change rating scales were used to capture 
clinicians’ and patients’ perceptions of change in 
overall patient health- related quality- of- life with 
voxelotor treatment. Laboratory data were also 
collected to assess clinical response to treatment. 
As observed in previous clinical studies, hemoglobin 
concentrations and markers of hemolysis were 
improved in patients treated with voxelotor. Most 
patients reported marked improvement in disease 
symptoms, which correlated well with the clinicians’ 
assessments. Although limited by the retrospective 
open- label study design, these findings suggest that 
voxelotor use has a positive impact on outcomes in 
patients with SCD.

INTRODUCTION
Sickle cell disease (SCD) is a complex, lifelong 
disease that affects millions of people world-
wide.1 2 Clinical manifestations of SCD can 
vary considerably in time of onset, frequency, 
and severity, and can affect multiple systems.1–3 
Disease- related symptoms and complications 
adversely affect the physical and social func-
tioning, general health, and emotional well- 
being of patients and contribute to reduced 
health- related quality of life (QOL).4–7 There-
fore, in addition to measuring treatment- related 
physiological and symptomatic effects, it is 
important to assess whether clinical benefits 
translate to more holistic improvements in a 
patient’s health status.

Voxelotor is a novel sickle hemoglobin (HbS) 
polymerization inhibitor that has been shown to 
improve key measures of red blood cell (RBC) 

heath in patients with SCD.8–10 In a phase III clin-
ical trial, patients receiving voxelotor therapy 
showed rapid and durable improvements in 
hemoglobin (Hb) concentrations and markers 
of hemolysis.11 12 In the same study, clinicians 
rated the impact of voxelotor on patient disease 
status using the Clinical Global Impression of 
Change (CGI- C),12 a validated assessment of the 
clinician’s view of a patient’s global functioning 
before and after initiating a study medication.13 
Voxelotor- treated patients were rated as having 
an improved health- related QOL at week 72, 
with trends of improvement observed as early as 
week 24.12 Although not captured in the study, 
patient impressions of their overall health status 
are equally valuable and important to consider. 
This real- world analysis compares patient and 
clinician assessments of change in symptoms or 
clinical status in response to voxelotor treat-
ment. Our findings suggest that treatment with 
voxelotor is associated with increased benefit in 
patient functioning.

MATERIALS AND METHODS
Real- world clinical data were collected retro-
spectively from 27 consecutive voxelotor- 
treated patients with SCD at The University of 
Texas Comprehensive Sickle Cell Center; only 
patients with at least 8 weeks of data collection 
were included. In order to be included in this 
retrospective analysis, patients must have been 
treated with voxelotor and had (1) increased 
steady- state hemolysis, as evidenced by 
increased indirect bilirubin of >3 mg/dL, lactate 
dehydrogenase >300 U/L, and Hb <8.5 g/dL; 
(2) extensive alloimmunization that put them 
at risk of a transfusion reaction, as to avoid 
complications from future blood transfusions; 
and (3) organ dysfunction that was expected 
to be improved by the mechanism of action of 
voxelotor (ie, improved oxygenation, increased 
Hb). Examples of such organ dysfunction 
include chronic hypoxia, pulmonary hyperten-
sion, cerebrovascular dysfunction, or multiple 
organ dysfunction.

Daily oral voxelotor 1500 mg was added to 
existing SCD treatment regimens, which in 
some cases included hydroxyurea. Analyses 
included the comparison of Hb levels and retic-
ulocyte percentages before and after initiation 
of voxelotor treatment, as well as the evalua-
tion of overall patient disease status using the 
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CGI- C and Patient Global Impression of Change (PGI- C) 
scales. The CGI- C is a single- item, 7- point graded scale 
that captures a clinician’s summary rating for a patient’s 
overall health status, taking into consideration multiple 
symptom domains and all available and clinically relevant 
patient information, including history, illness severity, and 
functional ability.13 This simple instrument is widely used 
in US Food and Drug Administration–regulated trials and 
correlates well with standard, well- known research drug 
efficacy scales.13 Patients’ laboratory and clinical data were 
reviewed by two experienced hematology providers from 
the Sickle Cell Center in order to determine the CGI- C 
rating. One of the providers was the primary hematologist, 
and the rating the two providers agreed on was used here. 
The PGI- C is the patient- reported outcome counterpart to 
the CGI- C, reflecting a patient’s impression of improve-
ments with treatment intervention.14 The protocol was 
amended to allow assessment of PGI- C data. Ratings on both 
scales are rated as ‘very much improved’, ‘much improved’, 
‘minimally improved’, ‘no change’, ‘worse’, ‘much worse’, 
or ‘very much worse’ since treatment initiation. Data collec-
tion was performed in accordance with the The University 
of Texas Health Science Center at Houston Standing Data 
Collection Protocol that permits the documentation and 
publication of anonymized patient data collected for stan-
dard clinical care. In an effort to reduce bias, PGI- C ratings 
collected by the study staff were withheld from clinicians 
until the clinicians completed the CGI- C assessments.

RESULTS
Of the 27 patients, 4 did not have complete laboratory 
and PGI- C data. One patient discontinued voxelotor due 
to pregnancy and was excluded from the analysis. Analysis 
was performed on data from 23 patients for whom infor-
mation on Hb levels, reticulocyte percentages, CGI- C, 
and PGI- C was available. Seventeen of the patients had 
complete laboratory data, and 23 patients provided PGI- C 
information. Of note, laboratory test frequency was limited 
by COVID- 19 pandemic restrictions.

Data were analyzed from 23 patients, who ranged in 
age from 20 to 66 years; 65% were female. Most patients 
(91%) had the SCD genotype HbSS, and the remaining 9% 
had HbSβ0; no patient had HbSβ+ or HbSC genotypes. 
Six patients were receiving hydroxyurea at baseline. The 
impact of voxelotor on key laboratory parameters was 
assessed ≥2 weeks after initiating voxelotor (n=17 patients 
with complete laboratory data). The mean (SD) change in 
Hb concentration from baseline was 1.14 g/dL (1.38 g/
dL). A waterfall plot for the change in Hb from baseline 
for individual patients is shown in figure 1A. Observed Hb 
improvements were comparable to those seen in the HOPE 
trial.15 Reductions in markers of hemolysis, as measured 
by mean change from baseline, were observed for reticu-
locyte percentage (–4.2%, SD=4.11%; figure 1B) and total 
bilirubin  (–1.01 mg/dL, SD=0.98 mg/dL;  figure 1C). One 
patient showed reduced RBC sickling and was less anemic 
21 days after initiating treatment with voxelotor.

Each patient provided an assessment of improvement 
with voxelotor treatment using the PGI- C. A total of 70% 
(16 of 23) of patients described their overall health as 
‘very much improved’ or ‘much improved’, 22% (5 of 23) 

described their clinical status as being ‘minimally improved’, 
and 8% (2 of 23) perceived ‘no change’ after initiation of 
voxelotor (figure 2A). Some patients also noted substantial 
improvement in energy and less pain at their typical sites of 
chronic pain while on voxelotor. The healthcare provider 
assessed each patient for improvement in health status with 
voxelotor treatment using the CGI- C. Clinicians provided 
similar rankings for the patients being analyzed: 83% (19 
of 23) of patients were rated as ‘very much improved’ 
or ‘much improved’, 13% (3 of 23) were rated as ‘mini-
mally improved’, and 4% (1 of 23) were rated as having 

Figure 1 (A) Change in hemoglobin level from baseline. 
(B) Change in reticulocyte percentage from baseline. (C) Change in 
total bilirubin from baseline.
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undergone ‘no change’ in response to voxelotor treatment. 
CGI- C and PGI- C outcomes were further stratified by 
Hb response, which suggested that clinical improvement 
(ratings of ‘very much improved’ or ‘much improved’) was 
not limited to patients who had increases in Hb greater than 
1 g/dL (figure 2B). For some patients who reported substan-
tial clinical improvement (‘very much improved’ or ‘much 
improved’ symptoms), Hb levels had declined or improved 
only slightly from baseline.

About 30% of the patients reported mild to moderate 
diarrhea. This issue was managed by reduction in voxelotor 
dose until diarrhea improved, at which point patients 
were titrated back to the recommended dose. For more 
severe diarrhea, voxelotor was interrupted for 2–3 days 
and then restarted at a lower dose, with or without the 
addition of antidiarrheal medications. All patients were 
alerted to the possibility of diarrhea at voxelotor initi-
ation and were advised not to stop treatment without 
contacting the physician for guidance on management. 
Three patients experienced mild headache that resolved 
within 2 months, and one patient reported arthritic pain 
in the hands.

DISCUSSION
This is a real- world study using both PGI- C and CGI- C 
scales to assess SCD improvement after initiation of 
voxelotor treatment. In this analysis, most patients reported 
considerable overall improvement in their health status, 
which correlated well with the clinicians’ impressions. 
Additionally, some patients indicated substantial improve-
ments in their energy levels and reductions in pain at their 
typical sites of chronic pain while on voxelotor. One patient 
noted resolved chronic lower back pain and improved 
energy after 2 weeks of voxelotor therapy. This patient was 
consequently able to engage in full- time work and described 
feeling ‘like a normal person’. Another patient reported 
being more energetic and noticed improvements in their 
self- esteem and mental health after starting voxelotor. After 
treatment, this patient was able to work full- time, started 
attending school part- time, and considered their major 
depressive disorder to be resolved. Anecdotal evidence of 
improvements in oxygen saturation, hospitalization rates, 
and intensity and duration of vaso- occlusive crisis–related 
pain was also gathered.

Figure 2 (A) Patient and clinical assessment improvement with voxelotor therapy. (B) Hemoglobin change and clinical improvement. 
CGI- C, Clinical Global Impression of Change; PGI- C, Patient Global Impression of Change.
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Notably, patient- reported and clinician- determined 
health- related QOL improvements were not limited to 
patients who had an increase in Hb greater than 1 g/dL. 
Clinical improvements were observed even for patients 
whose Hb declined or improved marginally. Current 
patient- reported outcome assessments in SCD tend to focus 
on capturing domain- specific symptoms and impacts such 
as pain, depression, and fatigue.16 However, there is a need 
to incorporate tools that collectively evaluate the broader 
symptomology and complications of SCD to determine the 
comprehensive status of a patient’s treatment progress. The 
PGI- C and CGI- C are easy- to- interpret assessments that can 
be used effectively to track a patient’s integrative experience 
while receiving SCD therapy.13 14 Experienced clinicians 
who are familiar with the variability in clinical presentation 
and patterns of SCD can use the CGI- C to chronologically 
record changes to a patient’s disease status at different time 
points after the adoption of a treatment regimen.12

It should be noted that this study has several limitations. 
Retrospective data were limited (eg, we had no record of 
patients who were denied coverage by insurance), which 
may limit our patient population. Because this study was 
unblinded, all patients were aware they were receiving 
voxelotor; thus, clinical improvements in the treatment 
group may represent an expectancy in patients rather 
than a pharmacologic effect. In addition, limited qualita-
tive information was collected from patients and clinicians 
on the reasoning behind the PGI- C and CGI- C ratings. A 
clear correlation between global impression of change and 
change in Hb, therefore, is difficult to interpret.

As observed in the HOPE trial, patients analyzed in this 
study showed improvements in Hb levels and markers 
of hemolysis. Due to the implementation of COVID- 19 
restrictions at the time of data collection, most patients 
were unable to have laboratory assessments at the desired 
frequency, thus resulting in limited data. No new safety 
signals were detected throughout the duration of the study. 
Approximately 30% of patients reported mild to moderate 
diarrhea, which was managed by dose reduction of 
voxelotor, followed by retitration to a higher dose with or 
without concurrent antidiarrheal medications. In summary, 
this study suggests that most patients with SCD perceived a 
benefit with voxelotor therapy in terms of improvement in 
their condition and level of functioning. Moreover, these 
findings correlate with the clinical impressions of health-
care providers.

Acknowledgements Medical writing and editorial assistance were provided 
by Arpita Biswas, PhD (Healthcare Consultancy Group, funded by Global Blood 
Therapeutics). The authors wish to thank the patients, caregivers, and clinicians 
who participated in this study.

Contributors MI conceptualized and designed the study, and MI, AH, and 
EMW statistically analyzed the data. All authors were involved in analysis and 
interpretation of the data and contributed to drafting, critically reviewing, and 
revising the manuscript prior to approval for submission.

Funding This study was sponsored by Global Blood Therapeutics.

Competing interests MI: Speaker bureau: Global Blood Therapeutics; 
contracted research funding: Global Blood Therapeutics, Novartis 
Pharmaceuticals, Pfizer, FORMA Therapeutics; advisory board membership: 
Global Blood Therapeutics, Novartis Pharmaceuticals.

Patient consent for publication Not applicable.

Ethics approval All procedures performed in this study were in 
accordance with the ethical standards of the institutional and national 
research committees, and with the 1964 Declaration of Helsinki and its later 
amendments, as revised in 2013. Approval was obtained from the Committee 
for the Protection of Human Subjects at The University of Texas Health Science 
Center at Houston, reference number HSC- MS- 20- 0768. Formal consent is not 
required for this type of study.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non- 
commercially, and license their derivative works on different terms, provided 
the original work is properly cited, an indication of whether changes were 
made, and the use is non- commercial. See: http://creativecommons.org/ 
licenses/by-nc/4.0/.

ORCID iD
Modupe Idowu http://orcid.org/0000-0001-8561-173X

REFERENCES
 1 Ware RE, de Montalembert M, Tshilolo L, et al. Sickle cell disease. Lancet 

2017;390:311–23.
 2 Kato GJ, Piel FB, Reid CD, et al. Sickle cell disease. Nat Rev Dis Primers 

2018;4:18010.
 3 Gill FM, Sleeper LA, Weiner SJ, et al. Clinical events in the first decade in 

a cohort of infants with sickle cell disease. Cooperative study of sickle cell 
disease. Blood 1995;86:776–83.

 4 McClish DK, Penberthy LT, Bovbjerg VE, et al. Health related quality of 
life in sickle cell patients: the PiSCES project. Health Qual Life Outcomes 
2005;3:50.

 5 Dampier C, LeBeau P, Rhee S, et al. Health- related quality of life in adults with 
sickle cell disease (SCD): a report from the Comprehensive Sickle Cell Centers 
Clinical Trial Consortium. Am J Hematol 2011;86:203–5.

 6 Ivo ML, Ferreira Júnior MA. Quality of life in sickle cell disease: assessments 
by the 36- item short form health survey questionnaire and Beck depression 
inventory. Rev Bras Hematol Hemoter 2012;34:410.

 7 Brown B, Callaghan M, Clifford S, et al. Beyond pain: the symptoms and 
impacts of sickle cell disease on children and their caregivers. Presented at: 
Foundation for Sickle Cell Disease Research’s 13th Annual Symposium. June 9, 
2019; Fort Lauderdale, FL, USA. Poster JSCDH- D- 19- 00007. Available: https:// 
fscdr.org/wp-content/uploads/2019/06/FINAL-JOURNAL.pdf [Accessed 13 Aug 
2021].

 8 Howard J, Hemmaway CJ, Telfer P, et al. A phase 1/2 ascending dose study and 
open- label extension study of voxelotor in patients with sickle cell disease. 
Blood 2019;133:1865–75.

 9 Oksenberg D, Dufu K, Patel MP, et al. GBT 440 increases haemoglobin oxygen 
affinity, reduces sickling and prolongs RBC half- life in a murine model of sickle 
cell disease. Br J Haematol 2016;175:141–53.

 10 Chonat S, Fields E, Baratz H, et al. Improvement in red blood cell physiology in 
children with sickle cell anemia receiving voxelotor. Blood 2019;134:2281–81.

 11 Vichinsky E, Hoppe CC, Ataga KI, et al. A phase 3 randomized trial of voxelotor 
in sickle cell disease. N Engl J Med 2019;381:509–19.

 12 Howard J, Ataga KI, Brown RC, et al. Voxelotor in adolescents and adults with 
sickle cell disease (HOPE): long- term follow- up results of an international, 
randomised, double- blind, placebo- controlled, phase 3 trial. Lancet Haematol 
2021;8:e323–33.

 13 Busner J, Targum SD. The clinical global impressions scale: applying a research 
tool in clinical practice. Psychiatry 2007;4:28–37.

 14 Rampakakis E, Ste- Marie PA, Sampalis JS, et al. Real- life assessment of the 
validity of patient global impression of change in fibromyalgia. RMD Open 
2015;1:e000146.

 15  ClinicalTrials. gov identifier: NCT03036813. Study to evaluate the effect of 
voxelotor administered orally to patients with sickle cell disease (GBT HOPE). 
Available: https://clinicaltrials.gov/ct2/show/NCT03036813 [Accessed 07 Jan 
2021].

 16 Farrell AT, Panepinto J, Carroll CP, et al. End points for sickle cell disease 
clinical trials: patient- reported outcomes, pain, and the brain. Blood Adv 
2019;3:3982–4001.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jim

.bm
j.com

/
J Investig M

ed: first published as 10.1136/jim
-2021-002215 on 22 June 2022. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8561-173X
http://dx.doi.org/10.1016/S0140-6736(17)30193-9
http://dx.doi.org/10.1038/nrdp.2018.10
http://dx.doi.org/10.1182/blood.V86.2.776.bloodjournal862776
http://dx.doi.org/10.1186/1477-7525-3-50
http://dx.doi.org/10.1002/ajh.21905
http://dx.doi.org/10.5581/1516-8484.20120102
https://fscdr.org/wp-content/uploads/2019/06/FINAL-JOURNAL.pdf
https://fscdr.org/wp-content/uploads/2019/06/FINAL-JOURNAL.pdf
http://dx.doi.org/10.1182/blood-2018-08-868893
http://dx.doi.org/10.1111/bjh.14214
http://dx.doi.org/10.1182/blood-2019-129351
http://dx.doi.org/10.1056/NEJMoa1903212
http://dx.doi.org/10.1016/S2352-3026(21)00059-4
http://www.ncbi.nlm.nih.gov/pubmed/20526405
http://dx.doi.org/10.1136/rmdopen-2015-000146
https://clinicaltrials.gov/ct2/show/NCT03036813
http://dx.doi.org/10.1182/bloodadvances.2019000882
http://jim.bmj.com/

	Patient perception of voxelotor treatment benefit in sickle cell disease
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References


