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HbSC disease is a common form of sickle cell disease with significant morbidity and
early mortality. Whether hydroxyurea is beneficial for HbSC disease is unknown.
Prospective Identification of Variables as Outcomes for Treatment (PIVOT, Trial ID
PACTR202108893981080) is a double-blind, randomised, placebo-controlled phase
IT trial of hydroxyurea for people with HbSC, age 5-50 years, in Ghana. After screen-
ing, participants were randomised to placebo (standard of care) or hydroxyurea.
The primary outcome is the cumulative incidence of haematological toxicities dur-
ing 12 months of blinded treatment; secondary outcomes include multiple labora-
tory and clinical assessments. Between April 2022 and June 2023, 112 children and
102 adults were randomised, including 44% females and average age 21.6 + 14.5 years.
Participants had substantial morbidity including previous hospitalisations (93%),
vaso-occlusive events (86%), malaria (79%), often received transfusions (20%), with
baseline haemoglobin 11.0+ 1.2 g/dL and foetal haemoglobin 1.8% + 1.5%. The spleen
was palpable in six children and one adult, and ultrasonographic volumes were col-
lected. Proliferative sickle retinopathy was common (30% children, 75% adults), but
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INTRODUCTION

Sickle cell disease (SCD) is a common inherited haemoglo-
binopathy with substantial morbidity and early mortality.'
The highest burden of SCD is within sub-Saharan Africa,
where over 400000 affected babies are born each year.” The
most common form of SCD is homozygous HbSS disease,
with two mutated alleles of the beta-globin gene (HBB) that
result in the production of HbS. The second most common
form, haemoglobin SC (HbSC) disease, is a compound het-
erozygous condition with one HbS mutation and one HbC
mutation.’ In the United States, HbSC disease accounts for
~30% of SCD,*” but since HbC originated in West Africa,’
HbSC disease is more common in that region and com-
prises ~50% of SCD cases identified by newborn screening
in Ghana.”

Individuals with all SCD genotypes are at risk for de-
veloping acute and chronic clinical complications includ-
ing haemolytic anaemia, recurrent vaso-occlusive painful
episodes, and progressive organ damage. Natural history
studies from the US-based Cooperative Study of Sickle Cell
Disease (CSSCD) and the Jamaican Cohort Study several de-
cades ago documented that as a group, people with HbSC
have a longer life expectancy than those with HbSS, and chil-
dren with HbSC have an overall milder clinical course than
HbSS, but some develop severe and life-threatening compli-
cations at a young age and experience significant morbidity
and early mortality.® > Certain complications like avascu-
lar necrosis (AVN, osteonecrosis) of the femoral heads and
proliferative retinopathy are at least as common in HbSC
as HbSS, if not higher, possibly due to higher haemoglobin
concentration and hyperviscosity.m’18 A recent retrospec-
tive study documented that many adults with HbSC disease
meet the criteria for severe disease (=3 sickle-associated
moderate-to-severe pain episodes per year, history of acute
chest syndrome, and/or severe symptomatic anaemia inter-
fering with daily activities or quality of life),"” and a US mul-
ticentre cross-sectional report similarly confirms significant
complications,'® but a contemporary detailed description of
the natural history of HbSC disease and its complications,
especially in adulthood, is lacking.

From a management and treatment perspective, HbSC
has received much less attention with regard to research
and clinical practice compared with HbSS, and optimal
management strategies are unclear. For example, the 2014
National Heart Lung and Blood Institute evidence-based
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proteinuria was less common (3% children, 8% adults). Whole blood viscosity, ek-
tacytometry, point-of-sickling, transcranial Doppler, near-infrared spectrometry
(NIRS), 6-minute walk, and quality of life were also measured. Now fully enrolled,
PIVOT will document the safety and potential benefits of hydroxyurea on clinical
and laboratory outcomes in HbSC disease.

adults, children, HbSC disease, hydroxyurea, study endpoints, sub-Saharan Africa

management guidelines for SCD recommended hydroxyurea
for adults and children with HbSS, beginning as young as
age 9months.” In contrast, there were no hydroxyurea rec-
ommendations for HbSC, and consequently, the treatment
of HbSC was recognised as a key knowledge gap.*! Published
evidence has been mostly retrospective or observational, but
some benefits of hydroxyurea treatment for HbSC have been
reported.””** There is a pressing need for rigorous, prospec-
tive data to evaluate the efficacy and safety of hydroxyurea
in HbSC disease, particularly in African populations where
the disease burden is highest.

To address this knowledge gap, we designed PIVOT
(Prospective Identification of Variables as Outcomes for
Treatment), a phase II double-blind randomised placebo-
controlled trial to test the primary hypothesis that hy-
droxyurea in children and adults with HbSC disease is
safe and will not result in excess haematological toxicities.
Amongst several key secondary objectives is the evaluation
of multiple sickle-related clinical, laboratory, and explor-
atory measurements to determine the benefits of treatment
and to identify suitable end-points for a future definitive
phase III trial. We now describe the full enrollment of
PIVOT and report the baseline characteristics of this study
population.

METHODS
Design

PIVOT is a prospective, randomised, double-blind, placebo-
controlled phase II clinical trial of hydroxyurea treatment
for both children and adults with HbSC disease. The ration-
ale and design of PIVOT have been published.”

Location

PIVOT is conducted in Accra, Ghana at Korle Bu Teaching
Hospital (KBTH), the largest hospital in Ghana with over
2000 beds. KBTH is also a referral hospital for SCD and
cares for a large group of affected children and adults.
The paediatric SCD clinic cares for ~4000 patients up to
16years of age, whilst the adolescent/adult clinic within
the Ghana Institute of Clinical Genetics cares for ~10000
patients.26
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Population

Patients with HbSC disease followed at KBTH, age
5.00-49.99years with steady-state laboratory values in
the appropriate range, willingness to consent, and abil-
ity to comply with study procedures were eligible to enrol.
Potential participants were temporarily excluded if they
received a blood transfusion in the past 2 months, received
hydroxyurea or other approved or investigational treat-
ments for SCD in the past 6 months, received =6 blood
transfusions in the past 12 months, or were hospitalised
>10 times in the past 12 months. Patients who were preg-
nant, unable to tolerate hydroxyurea, or having under-
lying medical conditions that made study participation
ill-advised were excluded.?®

Intervention

After baseline studies were completed, participants were
randomised to placebo or hydroxyurea as blinded study
treatment at 20.0 + 5.0 mg/kg/day. Randomisation was strati-
fied by age (above and below age 18.0years at consent) using
a four-block design.

Study outcomes

The primary outcome is the cumulative incidence of haema-
tological toxicities after 12months of therapy, analysed by
treatment assignment and age. Additional laboratory and
clinical outcomes were collected at baseline to identify dif-
ferences after 12 months of treatment that could be clinically
meaningful and help determine the best end-points for a fu-
ture phase III trial, including the following:

o Cumulative incidence of laboratory and clinical ad-
verse events >grade 2 and serious adverse events (SAEs),
graded according to the Common Terminology Criteria
for Adverse Events (CTCAE) version 4.0, except for minor
adjustments to laboratory grading due to the underlying
nature of SCD as described in the previously published
protocol.”

o Change from baseline in a variety of laboratory and clini-
cal parameters
o Cerebral Hb oxygen saturation
o Three-dimensional splenic volume

o Intracerebral arterial blood flow velocity

o Grade of retinopathy

o Whole blood viscosity

o Erythrocyte deformability

o Quality of life

o Cumulative incidence of pain, acute chest syndrome,
acute splenic sequestration, sepsis, malaria, stroke, and
death

o Cumulative incidence of blood transfusions and
hospitalisations

Timeline

Participants were screened for 2 months before randomisa-
tion to hydroxyurea or placebo. Blinded study treatment is
continued for 12months, and then participants are invited
to enrol in an open-label extension. The study is ongoing
and will have a common termination date of 4 years from the
time the first study participant initiated blinded treatment.

Sample size

PIVOT aimed to enrol 240 participants (~120 adults
>18years old and 120 children <18years old) to allow for
10% screen failures and subsequent 8% dropout on treat-
ment, yielding ~200 evaluable participants who complete
12 months of blinded study treatment. This number provides
80% power to detect a cumulative haematological toxicity
rate of 20%, with a 15% margin for non-inferiority.

Data management

All study data during enrollment and screening were col-
lected locally on paper case report forms and entered
into REDCap Cloud, a secure, web-based, 21 CRF Part
11-compliant electronic data capture system. Baseline data
included demographic characteristics, past medical history,
physical examination, immunisation history, concomitant
medications, and steady-state laboratory values. Medical
history was self-reported by the participant and/or guardian.

Study measurements

Screening laboratory tests included a complete blood count
and automated reticulocyte count (Mindray BC-6800,
Shenzhen, China), serum chemistries (Mindray BS-430,
Shenzhen, China), electrolytes (LMS-972, Shenzhen, China),
urinalysis (URIT 10V), and haemoglobin electrophoresis
(SmartLife, PolyLC, Columbia, MD). Exploratory labora-
tory tests included ektacytometry for erythrocyte deforma-
tion and haemolysis (Lorrca, Mechatronics, Netherlands),
OxygenScan to measure the point-of-sickling (Lorrca),
and cone and plate viscometer to measure whole blood vis-
cosity at 37C (DVNext, Brookfield/Ametek, Middleboro,
MA). Screening tests to assess organ function included
near-infrared spectroscopy cerebral oxygen saturation
(Hemosphere Foresight, Edwards Lifesciences, LLC, Irvine,
CA), transcranial Doppler ultrasonography for paediat-
ric participants (SONARA/tek, Viasys Healthcare, Inc.,
Conshohocken, PA), retinal imaging (Optomed Aurora,
Optomed Plc, Finland; Optos California, Optos Plc, UK;
Optovue Ivue 80, Optovue Inc., USA), abdominal ultra-
sonography of the spleen and kidneys, and 6-minute walk
test.” Quality of life was assessed using NIH-validated
Patient-Reported Outcome Measurement Information
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System (PROMIS) short forms for fatigue, pain, and pain
interference.”*%

Genetic modifiers

Blood was preserved on a Flinders Technology Associates
card and kept frozen at —80°C until transport to Cincinnati
for DNA-based analysis. HbSC was confirmed genetically
using TaqMan, whilst G6PD deficiency (A~ variant) and
alpha thalassaemia trait (-3.7kb deletion) were identified
using PCR-based techniques.”® Beta-globin haplotype was
identified using a combination of TagMan probes and restric-
tion digestion patterns to identify the common haplotypes.”'

Ethical considerations

Ethical approval was obtained from the KBTH-IRB (KBTH-
IRB #0095/2021) and the Ghana FDA (FDA/HPT/SMC/
CTD/CTA/22/0047). The study was also approved by the
CCHMC IRB (2021-0520), but the KBTH board and Ghana
FDA have primary oversight. Written informed consent
was obtained from all patients age >17years. For those
<17years, consent was obtained from a parent or guard-
ian, and for those ages 10-17years, assent was also ob-
tained. Any child reaching 18years of age whilst enrolled
in the trial will be re-consented as an adult. PIVOT is reg-
istered with the Pan African Clinical Trials Registry (Trial
ID PACTR202108893981080). An independent Data Safety
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Monitoring Board reviews the accumulating trial data twice
annually.

RESULTS

Between April 2022 and June 2023, a total of 243 partici-
pants (123 paediatric <18years old, 120 adult >18years old)
were enrolled. During screening 29 withdrew (Figure 1,
CONSORT). Reasons for withdrawal included 19 not meet-
ing eligibility criteria (17 HbSC not confirmed by HPLC,
two with ineligible age), four withdrawn by the PI, three
who withdrew consent, and three lost to follow-up. After the
screening was completed, 214 participants were randomised
(112 paediatric, 102 adult) and 56% were males. Two partici-
pants were withdrawn soon after randomisation when they
were found to be ineligible (not HbSC).

Table 1 summarises baseline demographic, clinical, and
laboratory characteristics. The full age range was captured
in the cohort with the median age 21.6years, range 5.0—
49.1years. At the time of enrollment, the vast majority of
both children (76%) and adults (96%) reported previous vaso-
occlusive painful events, and some reported acute chest syn-
drome (8% of children, 23% of adults). Prior malaria infection
was common in both children (67%) and adults (95%). There
was age-related accumulation of morbidity, with transfusions
more common in adults (33%) than children (8%). Similarly,
most children reported either no (13%) or <5 hospitalisations
(83%), whereas 99% of adults reported at least one hospitalisa-
tion and 26% reported >20 lifetime hospitalisations. Baseline

underwent screening

243 Participants provided consent and

29 Withdrawn during screening

3 Lost to follow-up
4 Were withdrawn by PI

Y

3 Withdrew consent
19 Did not meet eligibility criteria

\ 4

214 Randomized and initiated

blinded treatment

Treatment Arm (N=107)

Treatment Arm (N=107)

‘ 2 Withdrawn During
Months 0-6
‘ (did not meet eligibility)

\ 4

107 Included in Baseline
Analysis

105 Included in Baseline
Analysis

FIGURE 1 CONSORT diagram of participants enrolled in PIVOT.
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TABLE 1 Baseline demographics, clinical, and laboratory characteristics of the randomised PIVOT participants.

Number of participants
Females (N, %)
Age at enrollment (years)
Past medical history (N, %)
Vaso-occlusive painful event
Dactylitis®
Malaria®
Acute chest syndrome®
Splenic sequestration“I
Stroke
Previous hydroxyurea use®
Transfusion history (N, %)
No previous transfusion
1-2 transfusions
3-5 transfusions
6-10 transfusions
Lifetime hospitalisations (N, %)
No previous hospitalisation
<5 hospitalisations
6-10 hospitalisations
10-20 hospitalisations
>20 hospitalisations
Physical exam
Height (cm)
Weight (kg)
BMI (kg/m?)
Blood pressure—systolic (mm Hg)
Blood pressure—diastolic (mm Hg)
Oxygen saturation (%)
Palpable spleen
Leg ulcers
Laboratory parameters
Haemoglobin (g/dL)
MCV (fL)
MCHC (g/dL)
Foetal haemoglobin (%)
Absolute reticulocyte count (x10%/L)
White blood cells (x10°/L)
Absolute neutrophil count (x10°/1)
Platelets (x10°/L)
Creatinine (mg/dL)
Alanine transferase (IU/L)
Total bilirubin (mg/dL)

Children (<18years)

112
40 (36)
9.4%3.0

85 (76)
13 (12)
75 (67)
9 (8)
1(1)
0(0)
1(1)
103 (92)
9 (8)
0 (0)
0 (0)

14 (13)
93 (83)
4(4)
0 (0)
1(1)

136+17
30.7+11.6
16.2£2.9
103+7
65+7
99+1
303

0(0)

10.6+0.8
71+£6
36.3+£0.7
2.5+1.8
110+129
8.2+2.6
3.8+1.6
287 +107
0.6+0.4
18+11
1.4+0.7

Adults (218 years)

100
53 (53)
35.0+9.3

98 (96)
7 (10)
91 (95)
20 (23)
1(1)
1(1)
1(1)

67 (67)
25 (25)
7(7)
1(1)

1(1)

33 (33)
21 (21)
19 (19)
26 (26)

166+ 10
68.4+13.3
25.1+54
11712
75£9
98+1
0(0)

0(0)

11.6+1.4
77+7
36.1+0.7
1.7+1.4
104 +32
6.8+2.8
3.6+2.0
248+120
1.0+0.5
21+17
1.6+0.9

Total

212
93 (44)
21.5+14.5

183 (86)
20 (11)
166 (80)
29 (14)
2 (1)
1(0.5)
2 (1)

170 (80)
34 (16)
7(3)
1(0.5)

15 (7)
126 (59)
25 (12)
19 (9)
27 (13)

150+21
48.5+22.6
20.4£6.2
109+12
70£10
98+1
3(1)

0(0)

11.0£1.2
74+7
36.2+0.7
2.1+17
107+£96
7.5+2.8
37+1.8
269 +115
0.8+0.5
19+14
1.5+0.8

Note: Values are provided as mean+SD or frequency (proportion) unless otherwise noted.

Abbreviations: MCHC, mean corpuscular haemoglobin concentration; MCV, mean corpuscular volume.

*Out of 177 participants (108 children, 69 adults).
>Out of 208 participants (112 children, 96 adults).

“Out of 201 participants (112 children, 89 adults).

dOut of 199 participants (112 children, 87 adults).

‘Out of 211 participants (112 children, 99 adults).
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TABLE 2 Baseline assessment of organ function in the randomised PIVOT participants.

Children (<18 years) Adults (=18 years) Total
Number of participants 112 100 212
Transcranial Doppler*

Time-averaged mean velocity 110+ 19 - -
Conditional 1(1) - -
Abnormal 0 (0) - -

NIRS (%)°
Left forehead 58+9 49+11 54+11
Right forehead 58+9 51+13 55+12
Non-proliferative retinopathy (N, %)
Left eye, 1-3 abnormalities 12 (11) 13 (13) 25 (12)
Right eye, 1-3 abnormalities 15 (13) 13 (13) 28 (13)
Proliferative retinopathy (N, %)*

Left eye, stage 1-2 32 (29) 41 (42) 73 (35)

Left eye, stage 3 or above 2(2) 32 (33) 34 (16)

Right eye, stages 1-2 34 (30) 49 (51) 83 (40)

Right eye, stage 3 or above 3(3) 24 (25) 27 (13)

6-minute walk

Pretest oxygen saturation (%) 99+1 97+2 98+2

Distance walked (metres) 524+90 579+ 116 550+ 106

Post-test oxygen saturation (%) 97+1 97+2 97+2

Splenic Ultrasonography*
Spleen length (cm) 89+1.7 11.2+3.3 9.9+2.7
Spleen volume (mL) 115.4+71.3 220.1+169.0 160.1+133.1
Renal ultrasonography
Left kidney length (cm) 9.0+1.1 10.4+0.8 9.6+1.2
Right kidney length (cm) 8.5+1.0 10.3+0.8 94+1.3
Urinalysis (N, %)
Proteinuria present 1(1) 0(0) 1(0.5)
Trace protein present 2(2) 8 (8) 10 (5)
Quality of life

Pain Intensity (N, %) Child Parent proxy Adult Total
No pain 20 (18) 18 (16) 62 (62) 80 (38)
1-2 83 (74) 86 (77) 18 (18) 104 (49)
3-10 6 (5) 8(7) 19 (19) 27 (13)
No response 3(3) 0 (0) 1(1) 1(0.5)

Pain interference, T-score (SE)© 39.3 (6.9) 42.7 (7.1) 46.5 (8.5) 44.5 (4.3)

Fatigue, T-score (SE)f 35.1 (7.6) 41.4 (8.6) 39.8 (9.7) 37.4 (4.3)

Note: Values are provided as mean+SD (range) unless otherwise noted. Quality of life total values are an aggregate of parent proxy and adult values only.

Abbreviations: NIRS, near-infrared spectroscopy; SE, standard error.

*Measured on 111 children.

®Measured on 166 participants (90 children, 76 adults).

“Measured on 209 participants (112 children, 99 adults).

9Measured on 192 participants with observable spleens.

“Self-reported by 55 children, parent-reported for 111 children, and self-reported by 100 adults.

fSelf-reported by 93 children, parent-reported for 71 children, and self-reported by 100 adults.

[Correction added on 29 October 2024, after first online publication: Data in the first two columns of "Pain interference, T-score (SE)” and numbers of children in footnote

« »

e” were corrected.]

haemoglobin concentration was slightly higher in adults Table 2 summarises baseline organ function evaluations
(11.6+1.4g/dL) than in children (10.6 £0.8 g/dL), but HbF was ~ of the PIVOT cohort. TCD examinations in children were
low in both groups (2.5+ 1.8 in children vs. 1.7 + 1.4 in adults). normal except for one conditional result. The mean mixed
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TABLE 3 Baseline assessments of whole blood viscosity, erythrocyte ektacytometry, and point-of-sickling in the randomised PIVOT participants.
Children (<18years) Adults (18 years) Total
Number of participants 112 100 212
Whole blood viscosity (V)
At shear rate of 755" 5.0+0.7 59+1.1 5.4+1.0
At shear rate of 112.557" 4.8+0.6 5.6£0.9 5.2+0.9
At shear rate of 185.7s ™" 4.6+0.5 53409 4.9+0.8
At shear rate of 22557 4.6+0.5 5.2+0.9 4.8+£0.7
At shear rate of 300s™ 4404 4.9%0.8 4.6+0.7
Ektacytometry (N)*
OsmoScan, Omin 97+15 97+16 97+16
OsmoScan, O, 19615 196+ 16 19615
OsmoScan, OhyPer 332+11 334+12 333+11
OxyScan, El__ 0.4+0.1 0.4+0.1 0.4+0.1
OxyScan, Point-of-sickling (mm Hg)" 19.2+7.4 19.5+9.9 19.3+8.6

Note: Values are provided as mean + SD, (range) unless otherwise noted. Blood viscosity values are reported in centipoise (cP) at various shear rates (per second), whilst the
Ektacytometry Elongation Index values are reported as the osmolality (mOsm/kg) at which each value is recorded. Point-of-sickling is reported as the partial pressure of

oxygen (mm Hg) where the Elongation Index decreases to 95% of the EI__.
*Analysed from 208 participants.
bAnalysed from 207 participants.

cerebral oxygen saturation measured with NIRS was 58% in
children and 51% in adults. Proliferative sickle retinopathy
(PSR) was present at early Goldberg stages (stages 1-2) in
30% of children and 51% of adults, but more adults had >
stage 3 disease (33% adults, 3% children). Adults and chil-
dren walked a similar distance during the 6-minute walk
test with similar pre/post-oxygen saturation measurements.
The spleen was detectable by ultrasonography in 98% of chil-
dren and 82% of adults. Spleen length/volume and kidney
length were greater in adults than in children. Trace protein-
uria was detected in two children and eight adults. Quality
of Life responses described slightly more pain in children
than in adults; only 18% of children reported ‘no pain’ com-
pared with 62% of adults. Pain interference and fatigue were
slightly worse in adults (Table 2).

Exploratory laboratory end-points are summarised in
Table 3. Whole blood viscosity at various shear stress values
was slightly higher in adults than in children. Ektacytometry
results were similar between adults and children, as were
point-of-sickling values obtained during de-oxygenation.
G6PD deficiency was identified in 20% of males and 2% of
females. The heterozygous carrier state was identified in 31%
of females. Alpha thalassaemia was also common, including
28% with a one-gene deletion and 2% with a two-gene dele-
tion. The beta-globin haplotype was primarily the Benin and
Central African Republic genotypes.

DISCUSSION

In this report, we document the breadth and severity of HbSC
disease in a large group of children and adults in Ghana en-
rolled in the prospective PIVOT trial. Baseline assessments
revealed substantial morbidity with numerous acute clinical

complications across the age span, but especially amongst
adults. Our evaluations support a recent retrospective chart
review of adults living in Ghana with SCD, which reported
that disease severity was common in those with HbSC, in-
cluding recurrent pain, and that disease-modifying therapy
would be recommended if these persons had HbSS disease."”

Previous cohort studies in the US and Jamaica have de-
scribed the collective morbidity and mortality associated
with HbSC,'0'2M1632737 byt accurate descriptions of clin-
ical complications, especially in adults, are limited. The
CSSCD? reported acute pain episodes in HbSC requiring
treatment at a medical facility, at an average rate of 0.4 ep-
isodes per patient-year but with great interpatient variabil-
ity.”> Amongst children with HbSC who enrolled in the
CSSCD birth cohort, dactylitis, and acute pain episodes
occurred occasionally before 1year of age, and half experi-
enced an acute pain episode requiring clinical evaluation and
treatment by 7years of age."’ In PIVOT, prior painful vaso-
occlusive events were reported in 76% of children with HbSC
and almost all adults (96%). Because our medical history of
pain was not restricted to previous episodes that required
hospitalisation, the reported prevalence is similar to patient-
reported pain described in daily diaries. Two large US-based
studies conducted amongst children®® and adults® asked
patients to record any pain experienced in the past 24h, re-
gardless of the need for medication or health care utilisation.
Half of the children with HbSC experienced pain in the first
4years of life,*® whilst adults with HbSC experienced pain
equivalent to adults with HbSS regarding a day with a crisis
or a day with health care utilisation.”

In our Ghanaian cohort, more children with HbSC re-
ported pain than adults, which was unexpected and could
reflect enrollment bias towards more affected children.
Similarly, a history of acute chest syndrome was reported
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in 8% of children and 23% of adults, roughly similar to a
retrospective cross-sectional study at KBTH, in which 10%
of adults 18-45years old had a documented event in their
medical record"; in the CSSCD, acute chest syndrome was
reported in 40% of children with HbSC during the first de-
cade of life, perhaps due to neonatal diagnosis and greater
access to care.'”**

The overwhelming majority of participants (87% of chil-
dren, 99% of adults) had been previously hospitalised before
enrollment in PIVOT. Because hospitalisations were by pa-
tient report, we were unable to confirm the exact number
and causes of these previous hospitalisations. This high cu-
mulative incidence could reflect a recruitment bias towards
sicker patients receiving care at a tertiary referral hospital, or
perhaps patients who are well established with their current
clinical team and find the hospital accessible, or possibly
a higher overall disease burden for people living in Ghana
where malaria and other diseases are common. In contrast to
the high prevalence of hospitalisation, only 8% of children in
our cohort had received a blood transfusion, which is lower
than expected based on the CSSCD newborn cohort that re-
ported 8% of children with HbSC had already received blood
by age 5years."® This could be due to differing transfusion
practices in the US vs. Ghana, including acceptability and
availability of safe and affordable transfusions.

Albuminuria is a recommended clinical trial end-point for
organ dysfunction in SCD,"’ but evidence of sickle nephrop-
athy with microalbuminuria was present in only a few chil-
dren and adults enrolled in PIVOT. Our results are slightly
lower than a previous cross-sectional study at KBTH in which
9% of children with HbSC had proteinuria.*’ Our methods
were semi-quantitative and unable to determine a precise
urine albumin/creatine ratio. The rate of macroalbuminuria
detectable by urine dipstick is often lower in HbSC than in
HbSS and increases with age.*” In children with HbSC in
high-income countries, macroalbuminuria occurred in only
19%-2%,*>** whilst macroalbuminuria was identified in 10%-
20% of adults with HbSC.***” Overt renal failure can occur
in HbSC," but the prevalence, cumulative incidence, and
progression of albuminuria in HbSC is poorly defined. Even
if hydroxyurea cannot reverse existing glomerular damage,
early treatment might decrease sickling within the kidney and
slow the development of proteinuria.”

PSR has consistently been identified with greater prev-
alence in HbSC than in HbSS,"®*’ and a previous study at
KBTH documented substantial eye disease in HbSC dis-
ease.”” Age-related accumulation of proliferative eye disease
was initially described in the Jamaican cohort amongst sub-
jects 5-26years old,'” and subsequent clinical trials for the
treatment of PSR documented visual loss in 10% of untreated
eyes.”' In PIVOT, we detected a large burden of peripheral
retinal disease especially in adults, with almost half having
PSR and 33% with > stage 3 disease, and we will investigate
the onset of PSR and differences in progression between
treatment arms in this large cohort of adults and children.

Baseline laboratory results were consistent with cross-
sectional descriptions from the CSSCD cohort.® Our
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additional measurements of whole blood viscosity, red cell
deformability in an osmolar gradient, and oxygen gradient
ektacytometry provide much more data than previously
reported in HbSC**™ and will explore the effects of hy-
droxyurea treatment. Blood viscosity in HbSC disease is
higher than in both HbSS disease and normal controls with
HbAA.>*> This is partly due to the higher haemoglobin
concentration in HbSC disease, but also due to an RBC pop-
ulation that is more denser and less deformable. Our results
confirm an elevated whole blood viscosity in a large group
of participants with HbSC disease prior to randomisation.
Hydroxyurea could increase the haemoglobin concentration
and increase blood viscosity, with a predicted higher risk of
clinical complications. However, due to reduction in leuco-
cyte and platelet counts, hydroxyurea may actually lower the
whole blood viscosity.”’

The rationale for hydroxyurea treatment in HbSC disease
is based on similarities in pathophysiology to HbSS, recog-
nising there are also important differences. Erythrocytes
containing HbS and HbC are prone to intracellular sickling
in deoxygenating conditions but additionally tend towards
intracellular crystal formation and cellular dehydration.
Loss of water within the erythrocytes leads to hyperdense
cells (higher MCHC) that are prone to HbS polymerisation
and increased blood viscosity.”®* In contrast to HbSS; how-
ever, the role of HDF as a protective anti-sickling haemoglo-
bin in HbSC is unclear.

HbSC is often said to be milder than HbSS, and with this
moniker is sometimes misunderstood to be a ‘mild” disease
with infrequent complications. Our PIVOT baseline re-
sults document clearly that this is untrue, especially in sub-
Saharan Africa; HbSC disease incurs greater morbidity and
mortality than many other non-communicable diseases and
deserves a robust, organised, and collective effort to identify
treatments that decrease suffering and prolong healthy life.
Hydroxyurea is an obvious choice because of its availability,
cost, and likely benefit. Now fully enrolled, the PIVOT co-
hort has already contributed information on a large group of
people living with HbSC disease. The future results will help
identify an appropriate end-point for a future phase III trial.
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